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I. PHYSICAL/BIOLOGICAL OCEANOGRAPHIC INTEGRATION WORKSHOP
FOR THE DE SOTO CANYON AND ADJACENT SHELF:
How, AND WHY, WE GOT HERE.

James J. Kendall
Chief, Environmental Sciences Program
Minerals Management Service
Gulf of Mexico OCS Region
U.S. Department of the Interior
New Orleans, Louisiana 70123

William W. Schroeder
Marine Science Program
University of Alabama
and
Dauphin Island Sea Lab
Dauphin Island, Alabama 36528

Introduction — The Area

The U.S. Department of the Interior’s Minerals Management Service (MMS) conducts all
leasing and resource management functions on the Outer Continental Shelf. The MMS sponsors
scientific research to effectively manage and protect the environment. While MMS has sponsored
substantial oceanographic studies in the northeastern Gulf of Mexico, demand for additional
scientific information continues to be high. Recently completed, and ongoing, MMS studies in the
northeastern Gulf also suggest that more integration is needed between the physical and biological
oceanographic disciplines.

The Northeastern Gulf of Mexico continental shelf is an ecologically heterogeneous marine
ecosystem. The shelf region is bounded onshore by a number of estuaries and bays acting as
nutrient sources and serving as fertile nursery areas. Offshore, the De Soto Canyon, an area serving
as an important fisheries ground and upwelling site, dominates the shelf. The health of the shelf
ecosystem depends on physical habitat, environmental and climatic factors, nutrient availability, and
oceanographic processes. These physical processes link the biotic components of the ecosystem.
Hydrographic and sedimentological information suggest an east-west change of water column
nutrients and physico-chemical properties near Cape San Blas; however, the information available
is not enough to elucidate and characterize this change. Ongoing oceanographic studies in this
region will provide a comprehensive and synoptic data set that can help prove this transition or
provide an alternative paradigm. Ongoing biological studies suggest a number of data gaps that
need investigating. This includes levels of production, taxonomic and trophic structure of coastal
and shelf communities, coupling between water column and benthic communities, impacts of
freshwater on shelf ecosystems, impacts of catastrophic events, and status and trends in fisheries
resources and management.



To assess our state of knowledge for the area and to address the issue of additional information
needs, particularly that of the integration of any future data collection and analysis efforts, a
workshop was sponsored by the MMS and co-hosted by The University of Alabama and the
Dauphin Island Sea Lab. This workshop brought together experts who summarized what was known
about the area; determined critical issues; and provided input to the design of an integrated physical
and biological study. Such an integrated study would be intended to bring to closure the
Northeastern Gulf of Mexico Physical Oceanography Program and the Northeastern Gulf of Mexico
Coastal and Marine Ecosystem Program.

Specific Area of Discussion

From the perspective of information needs concerning any future OCS activities, the geographic
area of interest for this workshop is defined as an area encompassing the western portion of the
Florida panhandle westward into the Alabama and Mississippi and includes the De Soto Canyon and
adjacent areas going into deeper waters. Figure 1 depicts the area of interest for this workshop, and
shows the major physical exchange paths and forcing functions. This geographic area, of course,
cannot be studied by itself, it must include the influences from coastal bays and estuaries, as well
as the offshore currents including the Loop Current and eddies impinging on the continental shelf.
Figure 2 is a depiction of the Eastern Planning area including the area to be available for the
proposed lease Sale 181. Part of the proposed lease sale area was brought up during workshop
discussion.

Research History of the Area
Physical Oceanography

In 1994, the MMS and the Florida State University hosted the Northeastern Gulf of Mexico
Physical Oceanography Workshop (Clarke 1995) to assess the state of knowledge of the circulation
in the shelf and upper slope region of the Northeastern Gulf, and to develop a strawman plan of
possible studies.

Shortly thereafter, the MMS entered into a cooperative agreement with the University of South
Florida to conduct the Northeastern Gulf of Mexico Satellite Oceanography Study. This study was
designed to summarize the meso- to small-scale surface circulation on the continental shelf from the
Mississippi River to Cape San Blas, using existing archived sea surface temperature, color camera,
and coastal zone color scanner imagery. The three most relevant remote sensing data sets (sea-
surface temperature, color photos, and digital color scans) are all now available from Federal
archives, and can also be pre-scanned by available browsing routines to reduce search effort. A
number of public-domain computer codes are also easily accessible for further analysis.

The project provided charts of selected frontal locations, statistical characterizations of the
ensemble of frontal locations (based on the total imagery database); dynamical interpretations of
these characterizations, and summary graphics for use by MMS decision-makers. The only previous
MMS physical oceanographic study of currents and sea surface characteristics in the area occurred
during the Mississippi-Alabama Marine Ecosystems Study (Brooks, 1991) which included five
current moorings and numerous analyses of satellite images, sea-surface temperature, and currents



in the western end of the study area. (A small amount of hydrographic data was taken during the
Mississippi-Alabama-Florida study in the early 1970's.) The ultimate product of the work was an
atlas of surface current patterns and meso- to small-scale frontal locations in the study area, plus
associated documentation of methods, datasets used, and results.

Concurrent with the Northeastern Gulf of Mexico Satellite Oceanography Study, the MMS
entered into a Cooperative Agreement with the Florida State University to conduct the Northeastern
Gulf of Mexico Inner Shelf Circulation Study and the Northeastern Gulf of Mexico Modeling
Program. With the addition of environmental assessment responsibilities for State waters, mandated
by the Oil Pollution Act, the MMS is required to analyze oil spill risks within the inner shelf zone,
the 3- to 10-mile wide band of marine waters adjacent to the coast. The inner shelf zone has
significant differences in circulation from the open shelf, due to the overlap of the benthic and
surface Ekman boundary layers, due to complex lateral boundary geometry, and due to wave energy
focusing and concentration. An approach to successful assessment of environmental risk in the inner
shelf zone adopted by the MMS is the use of actual field measurements (i.e., data, as opposed to
model results). This effort involves a mixture of lagrangian drifter measurements, current meter
moorings, and synthesis of existing information (through a coordinated Coastal Marine Institute
study) to develop an adequate database for these assessments. This field measurement study
provided the data for oil-spill risk assessments, skill assessments, and validation of numerical
models.

These three efforts formally initiated the highly integrated MMS Northeastern Gulf of Mexico
Physical Oceanography Program and led to the design of six other studies proposed during the
workshop (Clarke 1995):

Meteorology of the Northeast Gulf of Mexico

De Soto Canyon Eddy Intrusion Study

Operational Remote Sensing

Eddy Monitoring & Remote Sensing

Chemical Oceanography & Hydrography, and
Circulation Regimes Affecting Living Marine Resources

Because one of the principal forcing mechanisms for coastal circulation on the continental shelf
is wind forcing, and because the shelf is relatively wide area (approximately 100 km), any other
physical oceanographic studies for the area would require additional meteorological measurements.

If the wind field is not resolved in this way (both in terms of horizontal variations and possible
differences in local stress, i.e., forcing strength) then expensive physical oceanographic datasets
would be impossible to analyze fully. This being the case, the Meteorology of the Northeastern Gulf
of Mexico was initiated in 1977 and is scheduled for completion in 2000.

It is well known that the Loop Current (and/or warm-core eddies believed derived from the Loop
Current) can be observed to intrude onto the Mississippi-Alabama-Florida shelf in the area of the
De Soto Canyon. Speculation on the specific mechanisms involved center on a "steering" effect of
the canyon. Observations during the MMS-funded marine ecosystems work offshore Mississippi
and Alabama indicate that significant water column effects can be observed during these intrusions.
Further, workers in Florida argue that remote sensing images indicate considerable nutrient



enrichment (and enhanced primary production) occurring at the head of the Canyon during
intrusions. The De Soto Canyon Eddy Intrusion Study was conducted to quantify and characterize
the physical scales and dynamic mechanisms associated with Loop Current intrusions in this area.

Critical parts of any circulation study attempting to address meso-scale dynamics are sufficient
remote sensing. The Operational Remote Sensing and the Eddy Monitoring & Remote Sensing
studies are providing this information. Further, the data gathered constitute a stand-along synthesis
of meso-scale features. This study involves satellite analyses of ocean thermal fronts and other
relevant thermal structures using AVHRR imagery; satellite analyses of sea surface height; and
timely public dissemination of feature analyses and processed images.

The marine waters of the Northeastern Gulf are characterized by the transition from the highly
turbid Mississippi River effluent (approximately 30% of which flows toward the east) and typical
"blue" shelf water. Bottom sediments reflect this gradient, with a marked decrease in clay fraction
from west to east. Previous work during the Mississippi-Alabama-Florida studies showed that there
may be a sharp boundary between nutrient-rich mid-column water west of Cape San Blas and
nutrient-poor water to the east. No studies have attempted to relate these characteristics to the
physical circulation regime on the shelf, nor to the presumed periodic injection of new (possibly
nutrient-rich) open Gulf water during eddy intrusions. Because the mean circulation in the area is
believed to be quite weak, it is possible that the best means to identify any patterns might be through
the careful study of the chemical regime. The Chemical Oceanography & Hydrography of the
Northeastern Gulf of Mexico effort (initiated in 1997) is surveying the region to determine the
overall levels and balances of chemical constituents and to identify and describe the chemical,

physical, and biological mechanisms responsible for the observed levels, gradients, "sources," and
"sinks."

Finally, the area possesses a rich mixture of benthic and pelagic faunas, dependent on the many
different types of physical habitat present. As is typical of the coastal environment everywhere, a
large part of the offshore fishery is dependent on the presence (and environmental quality) of
estuaries for juvenile stage development or spawning. For these reasons, links between physical
circulation and the habitat preferences or requirements of living marine resources are important.
One notable example (although outside the area of discussion) is the very restricted timing and
location for grouper spawning offshore Florida, and the known juvenile recruitment area in the
grassbeds of the Florida Big Bend. The general current patterns on the west Florida shelf appear to
be entirely contrary to the required transport of eggs and larvae, so unknown circulation mechanisms
must be responsible for this critical movement. The study Circulation Regimes Affecting Living
Marine Resources in the Northeastern Gulf of Mexico was originally scheduled to be the final study
if this program. It was intended to make measurements at locations selected for their importance to
significant marine resource species, in order to assess the importance of "normal" circulation
regimes versus occasional extreme (or anomalous) events.



Biological/Environmental Sciences

Concurrent with the Northeastern Gulf of Mexico Physical Oceanography Program, the MMS
initiated the Northeast Gulf of Mexico Coastal and Marine Ecosystem Program. This program
designed with input from the State of Florida and the National Biological Service (now the
Biological Resources Division of the USGS) was designed to characterized the environment;
identify the biological resources at risk, leading to an understanding of ecological relationships of
the area; characterize rare and endangered species and communities; and examine the effects of
immediate and long-term impacts.

The component studies of the Northeast Gulf of Mexico Coastal and Marine Ecosystem
Program include:

Northeastern Gulf of Mexico Offshore Data Search & Synthesis

Northeastern Gulf of Mexico Coastal Characterization and Data Information
Management System

Distribution and Abundance of Marine Mammals

Ecosystem Monitoring, Mississippi/Alabama Shelf, and

Ecosystem Monitoring, Northeastern Gulf of Mexico OCS

The Northeastern Gulf of Mexico Offshore Data Search and Synthesis (SAIC 1997) was a
regional data search and synthesis effort identifying and summarizing important information
pertaining to the environmental and socioeconomic characteristics of this area. A conceptual model
was drafted to serve as a framework to identify interactions in the ecosystem and look at critical
pathways that may be uniquely sensitive to environmental impacts. Source materials were published
documents as well as unpublished literature, theses, and dissertations. An annotated bibliography
was compiled and a synthesis report brought together physical, chemical, ecological, and
socioeconomic information into an ecosystem framework.

The Northeastern Gulf of Mexico Coastal Characterization and Data Information Management
System characterized the coastal communities from the Mississippi Delta to Apalachicola Bay. The
study area included all coastal counties extending offshore to the Federal leasing boundary. This
study furthered our understanding of the coastal environment, how coastal habitats are impacted by
offshore processes, and the interrelationship of coastal environmental and socioeconomic factors.
The overall study purpose was to collect, organize, and analyze available information from various
disciplines that would describe each part of the system in terms of its relation to other parts and to
the region as a whole. As an integral component of this coastal characterization, a community
profile describing the ecology of live bottom habitats was drafted (Thompson et al. 1999). This
synthesis effort summarized available data on the living biological resources between the
Mississippi River Delta and Cape San Blas, Florida.

Upon the receipt of the findings of its marine mammal field study, GulfCet I Program (Davis and
Fargion 1996), the MMS identified the need for the further study of marine mammals. The
Distribution and Abundance of Marine Mammals (GulfCet II), initiated in 1996, focused on the
distribution, abundance, and behavior of these animals both on the OCS and in the deeper Gulf
waters. The study area overlapped somewhat with the GulfCet I study area, but extended into



shallower waters and into the area from approximately the Mississippi/Alabama state line eastward
at least to Cape San Blas, Florida. The study produced data compatible with and comparable to that
of the GulfCet I to produce a larger data set to be re-analyzed together. A 2- to 3-year extension of
field observations provided for up to five years of seasonal distribution and abundance data in
selected areas. This “cumulative” analysis provides better estimates of population variability,
possible trend information, and increased detection for some species.

The study, Ecosystem Monitoring, Mississippi/Alabama Shelf, also initiated in 1996, is
monitoring environmental conditions at three distinct types of topographic features present along
the Mississippi-Alabama OCS. These features include: (1) high profile pinnacles of 2-20 m relief;
(2) medium relief, flattop features of approximately 5 m; and (3) low relief hard bottoms of less than
5 m. Seasonal information is being gathered regarding populations and diversity of biological
organisms related to turbidity, zonations, and other physical environmental parameters. The
program includes observations of reef morphology, as well as sessile organism growth rates and
diversity, changes in the nepheloid layer, and general community health. The third interim report
for this study was received in 1999 (CSA and TAMU 1999).

As mentioned earlier, the Offshore Data Search & Synthesis effort brought together existing
data, literature, and information relevant to the marine ecosystem and synthesizing it into a narrative
report and conceptual model. This information was intended to identify data gaps and form the basis
for planning of the last component of Program, Ecosystem Monitoring, Northeastern Gulf of Mexico
Outer Continental Shelf. This monitoring study was to be designed to describe this ecosystem,
including unique habitats and resources. It was to emphasize delineating processes at work on the
OCS and critical processes that may be affected by OCS gas and oil operations.

Future Research

With oil and gas industry interest in the area under discussion (Fig. 1), the results of this
workshop will be instrumental in designing the climax to the Northeastern Gulf of Mexico Physical
Oceanography and Coastal and Marine Ecosystem Programs. As noted above, these two final
studies, Circulation Regimes Affecting Living Marine Resources in the Northeastern Gulf of Mexico
and Ecosystem Monitoring, Northeastern Gulf of Mexico Outer Continental Shelf, were identified
early in the process, long before any preliminary results of the other studies were available.
Discussion of such results now suggests that these two studies can not be designed separately. In
fact, there is a strong reason to believe that these two efforts are so depended upon one another that
a single combined effort is called for. This study (or series of studies), now referred to as
Northeastern Gulf Integrated Study of Physical and Biological Processes, is now intended to
identify and increase the qualitative and quantitative understanding of currents and circulation
patterns which help establish links and redistribute primary and secondary productivity within the
ecosystem. It may also lead to a better understanding of the distribution of nutrients and sediments;
larval dispersal; and the impacts of extreme or occasional events such as eddy intrusions, upwelling,
floods, and hurricanes on the ecosystem.

This new venue was used to design Figure 3 which shows how the component studies of the two
aforementioned Programs, building upon other research in the area, lead to this meeting.



Workshop Structure

As a basis with which to begin a multidisciplinary discussion, MMS presented a list of “Initial
Issues for Discussion” (Table 1) to pre-workshop registrants and workshop participants. On the first
day of the workshop invited experts summarized knowledge of the De Soto Canyon and adjacent
continental shelf region. Appendix A contains the schedule of invited presentations. Presentation
summaries are given in section II.

Table 1. Initial Issues for Discussion.

Integration between the physical and biological components of the northeastern Gulf of
Mexico:

1. Consider the transport of inorganic nutrients as these relate to supply and
source(s). What are the utilization rates and their residence times on the shelf?

2. Consider the transport, deposition, and resuspension processes of materials (e.g.,
DOM, POM, POC, fecal pellets, corpses, marine snow, inorganic fines, and
organisms) as these relate to supply and source(s). What are the proximate and
ultimate fates of these materials?

3. What types and how do the ecosystems utilize the energy as subsidy? For
example, how is the flow energy used to orient, disperse, clean, remove, and
replenish wastes, oxygen, etc.

4. How, and to what extent, are the benthic assemblages related to substrate type
(e.g., hard, soft), quantity (e.g., depth, patch size), and “quality” (e.g., percent
organics, metals, depth or reduction potential discontinuity layer, or RPD)?
Consider life stages of species and of faunal assemblages.

5. In addition to substrata, what specific physical environments “control” benthic
communities?

6. How does the shelf ecosystem respond to prolonged and strong pulses of energy
and materials? Is the response similar to those of other areas?

One the second day, three multidisciplinary working groups were formed by equally dividing,
by area of expertise, the workshop attendees (Appendix C). Each working group was led by an
invited chair and an MMS chair with the assistance from an MMS rapporteur. The participants in



each working group are listed in Appendix B.

The members of each working group were asked to utilize the information syntheses provided
by the speakers, combined with their own expertise, to: 1) identify the critical components and
processes which need to be delineated, measured and modeled in order to understand the important
physical and biological phenomena that occur in De Soto Canyon and adjacent continental shelf
region; 2) identify significant knowledge and/or data gaps germane to these components and
processes; and 3) formulate recommendations for research elements, based on the results from items
1) and 2). These discussions would then be used to assist MMS in designing an integrated physical
and biological study to complete the Northeastern Gulf of Mexico Physical Oceanography Program
and the Northeastern Gulf of Mexico Coastal and Marine Ecosystem Program.

Each of the working groups employed different, but effective, approaches in their deliberations.
The full day allocated for this phase of the workshop permitted sufficient opportunity for all
conferees to present their views and interact constructively. The chairs and rapporteurs organized
and recorded all the relevant material from discussions for inclusion in the working groups written
reports. On the morning of the third day a plenary session was convened. This session began with
the invited chairs presenting preliminary summaries of the draft reports being prepared by each of
the working groups. The workshop ended with an open floor general discussion that allowed
conferees to comment on the working group reports and/or to present any additional information or
views. The working group reports appear in the last section of these proceedings.
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Figure 1. The geographic area of interest for this workshop is defined as an area

encompassing the western portion of the Florida panhandle westward into

Alabama and Mississippi and includes the De Soto Canyon and adjacent areas
going into deeper waters.
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II. INVITED PRESENTATIONS



MARINE METEOROLOGY AND AIR-SEA INTERACTION OVER THE DE SOTO
CANYON AND ADJACENT SHELF - A SUMMARY

S. A. Hsu
Coastal Studies Institute
Louisiana State University
Baton Rouge, Louisiana 70803

Marine meteorology and air-sea interactions are integral parts in the total systems approach to
study oceanographic processes. This presentation intends to cover the characteristics of mesoscale
marine meteorology, air-sea interactions, and the physics of the atmospheric boundary layer over
the northeast Gulf of Mexico. Emphases are placed on marine cyclogenesis, heat flux, wind-wave
interaction, and the way(s) in which these phenomena influence the oceanographic regime or could
affect physical/biological systems. They are summarized as follows:

1) From a synoptic climatological viewpoint, the march of seasons can be represented by four
major weather types: the Gulf Return for spring, Gulf High for summer, Continental High
for fall, and Frontal Overrunning for winter.

2) Analyses of total heat fluxes (sensible and latent) shown in Figure 4 are based on the
following equations:

1 0y
HTotal = HSensible + HLatent = ] + E HSensible

where

HSensible: p Cp CT ( Tsea_Tair ) UIO (2)
H ensible 3
HLatent:LT E:M ( )
B
and

B=0.077 ( Tyu-Tw )"" “4)

It can be seen that approximately from November through March the largest total heat flux is
found in the shelf break area (represented by buoy #42009) rather than over the Loop Current region
as represented by buoy #42003. The lowest values are found in the shallow water region represented
by buoy #42007.

3) Monthly characteristics of precipitation (P) and evaporation [E, computed from Eq. (3)] over
the shelf break (at buoy #42009) and shallow water environments (buoy #42007) are
provided in Figure 5. For comparison purposes, the rainfall rate at Mobile, Alabama is also
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delineated. It can be seen that approximately from September through April the evaporation
in the shelf break region is persistently higher than in the shallow water area. Note that from
September through March, E > P over the shelf break region whereas similar conditions exist
from September through January over the shallow water areas.

4) Monthly characteristics of geostrophic vorticity and Ekman pumping are shown in Figure
6. Due to winter cyclogenesis and frontal overrunning, both curves peak in the winter
season. For example, approximately 1.8 m per day exists for the Ekman pumping in
December. This directly impacts primary productivity. Comparison of these characteristics
to other regions in the Gulf will be discussed.

5) From an atmospheric boundary layer physics viewpoint, the free convective regime is found
along the shelf break region. Also, because the wave conditions in the study area are mainly
fetch-limited, an evaluation of nine related wind-wave interaction formulas is made. It is
found that the formula suggested by Dobson et al. (1989) performed the best, which relates
Uy, the wind speed at 10 m, F, the fetch, Hy and T, the significant wave height and its
corresponding period that

0.24
U 1.7\ U
and
T 1.65
[ g1, ]=0.00897[ &L j ©
Ui Ui

For the wind-wave-current interaction, the following formula is suggested for momentum
flux (7) and surface drift (us) studies in our area:

_ 2 @)
T_,O U=
_ 04 U]()
U= = =
®
11.0-m| —H
&)
and i Ui i

where C,, (=gT, / 2m) is the phase speed of the waves at the spectral peak. Note that the wave age
Cp / Uy is related to Eq. (6). Other implications to wind-wave-current interaction and dispersion
meteorology will also be discussed.
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Figure 6. Monthly characteristics of geostrophic vorticity (GV) and Ekman pumping (EP) over
the northeast Gulf of Mexico.
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SHELF HYDROGRAPHY OVER THE NORTHEASTERN GULF OF MEXICO

Ann E. Jochens, Worth D. Nowlin, Jr., Steven F. DiMarco,
Matthew K. Howard, Robert O. Reid, Ou Wang, Joseph Yip
Department of Oceanography (MS 3146)

Texas A&M University
College Station, Texas 77843-3146

Texas A&M University is conducting the Chemical Oceanography and Hydrography Study
(NEGOM-COHS), which is one of the components of the Northeastern Gulf of Mexico Physical
Oceanography Program, supported by the U.S. Minerals Management Service (MMS). The major
objective of NEGOM-COHS is to describe the spatial and temporal distribution and variation of
hydrographic variables and the processes responsible. The variables of interest are sea water salinity,
temperature, dissolved oxygen, nutrients, particulate material, particulate organic carbon, transmissivity,
fluorescence, pigments, and light penetration. The objective is being met through the completion of a
field program of nine hydrography/acoustic Doppler current profiler (ADCP) cruises, one in each of the
spring (May), summer (August), and fall (November) seasons over three years. The observations,
together with collateral data, will be synthesized, interpreted, and reported to provide a more complete
understanding of circulation and transport of properties over the study area.

The study area encompasses the east Louisiana, Mississippi, Alabama, and west Florida continental
shelf and upper slope from the Mississippi River Delta to Tampa Bay in water depths of 10 to 1000 m.
The first cruise was conducted in November 1997, the last will be in August 2000. Approximately 100
CTD and 90 XBT stations, in a configuration of 11 cross-shelf lines and one alongshelf line on the 1000
m isobath, are occupied on each cruise (Fig. 7). Station locations are approximately the same for each
cruise to facilitate comparisons between cruises. Additionally, ADCP, thermosalinograph, and 3 m
flow-through fluorescence measurements are made continuously along the track.

Although the final year of hydrographic surveys remains to be done, the six cruises already
completed provide a preliminary look at the seasonal variability of the properties and inferred circulation
over the region. To examine the circulation over the shelf at the time of the cruises, we constructed
gridded current vector fields from the ADCP data for the near surface (10-14 m) and several subsurface
layers. We compared the near-surface ADCP fields to the geopotential anomaly fields computed from
the hydrographic data and to sea surface height anomaly fields derived from satellite altimeter data.

We examined the seasonal circulation on three sub-regions: the western inner shelf, eastern inner
shelf, and outer shelf/upper slope. Here "inner shelf" extends from approximately 10 m to 100 m and
"outer shelf" is seaward of 100 m. The western inner shelf consists of the region west of Cape San Blas.

The eastern inner shelf includes that part of the shelf southeast of Cape San Blas in the Big Bend region
to Tampa. The outer shelf/upper slope is that region in water depths from about 100 m to 1000 m. The
focus of this paper is on the near-surface circulation and property distributions.
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Spring (May 1998 and May 1999)

Western Inner Shelf: The springtime near-surface currents flow downcoast from Mississippi toward
Tampa (Fig. 8a). This is mainly in response to the eastward alongshelf component of the wind, which
also induces some nearshore coastal upwelling. The currents moved fresh water being discharged onto
the shelf from the Mississippi and other rivers along the inner shelf to the east (Fig. 8b). In 1998, both
the Mississippi and Tombigbee Rivers were discharging at above their record-length mean discharges,
resulting in salinities at 3 m of <32 over much of the western inner shelf extending east to Cape San
Blas. The salinity pattern shows large volumes of fresh water coming from the Mississippi and out of
Mobile Bay. In 1999, however, the salinity pattern shows a smaller region with salinity of <32,
extending only to Choctawhatchee Bay.

River water carries nutrients into the Gulf. The 3 m silicate (silicate at a 3 m depth), which is not a
limiting nutrient for biological activity, had high concentrations (>3 mM) all along the western inner
shelf during both spring cruises. The 3 m nitrate values, however, were high (>1 mM) mainly in the
region adjacent to the Mississippi River Delta and seaward off the Chandeleur Islands. Concentrations
near the mouth of the Mississippi were exceedingly high (>30 mM) in 1999 as compared to ~15 mM
in 1998. There were localized high nitrate concentrations adjacent to Choctawhatchee Bay in 1998. The
3 m phosphate values were <0.1 mM everywhere except immediately off the mouth of the Mississippi
River; concentrations in 1999 were higher than in 1998. Chlorophyll a concentrations showed response
to the nutrients from the river water and were relatively high (>500 ng-L™") along the entire western inner
shelf in 1998 and from Choctawhatchee Bay west in 1999. The near-bottom dissolved oxygen
concentrations in spring 1998 generally were lower and less variable than those in spring 1999, although
lowest, hypoxic values occurred in 1999. Lowest values, at 2.1 mL-L" in 1998 and 1.5 mL-L" in 1999,
were off the Chandeleur Islands.

Eastern Inner Shelf: In spring 1998, near-surface currents were weak and directed mainly downcoast
over the broad middle shelf, possibly in response to the northeastward-directed winds (Fig. 8a). Inshore
of about the 20 m isobath, currents were directed mainly toward the shore. The pattern of spring 1999
currents in this region is very different. Here there is indication of a cyclonic circulation over the broad
middle shelf centered at about 28.75°N, 84.5°W, with flows inshore of this feature directed mainly
westward. Salinities at 3 m were fresher in 1998 than 1999, with lowest values in 1998 being <32
inshore of the 20 m isobath off the Suwannee River (Fig. 8b) and lowest in 1999 being ~35. The salinity
contours in 1998 generally parallel the isobaths with salinities increasing offshore, but in 1999 they
indicate a tongue of higher salinity (>36) water moving upcoast from the south. This likely is due to
the cyclonic circulation drawing saltier water to the north and east, possibly from offshore.

Nutrient, chlorophyll a, (chl a) and dissolved oxygen patterns also differ between the two springs. In
1998, a tongue of locally high silicate extended from Cape San Blas south over the broad eastern inner
shelf. This likely was due in part to the downcoast movement of waters associated with the river
discharges over the western inner shelf, coupled with the downcoast movement of discharge from the
Apalachicola River. Nitrate and phosphate concentrations, however, were very small. Much of the
eastern inner shelf in 1998 had chlorophyll a concentrations in excess of 300 ng-L™', increasing inshore.
Bottom oxygen concentrations were generally less than 4 mL-L™, except inshore of the 10 m isobath
where they were <5 mL-L™. In contrast, the 1999 concentrations of all nutrients, including silicate were
very small everywhere over the eastern inner shelf, and near-bottom dissolved oxygen concentrations
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were approximately 5 mL-L™. There was a local high in chl a (300-500 ng-L"") centered about 29.3°N,
84°W offshore of the Suwannee River.

Outer Shelf/Upper Slope: Satellite altimeter data allow the estimation of the sea surface height anomaly
(SSHA) fields that can provide information on the presence or absence of anticyclonic (highs in SSHA)
or cyclonic (lows in SSHA) features seaward of the shelf edge. SSHA maps indicate that during spring
1998, an anticyclonic eddy was located seaward of the western shelf edge. The anticyclone had two
centers: one situated over De Soto Canyon and the other centered at 27.5°N, 86.3°W. The stronger
SSHA gradients were over the outer shelf/upper slope adjacent to the eastern inner shelf. The centers
from the SSHA data match reasonably well the centers in geopotential anomaly, although those of the
SSHA are offset mainly to the west. The SSHA gradients, which are greatest adjacent to the eastern
inner shelf, match well with the regions of stronger currents in ADCP (Fig. 8a). The 3-m salinity field
shows a tongue of more saline water extending up the axis of DeSoto Canyon. This is in the region
where the anticyclone generates northeastward currents. The resulting chl a field shows a region of
lower concentrations up the axis of the canyon. The circulation and property distributions over the outer
shelf/upper slope, therefore, were responding to the presence of this anticyclonic eddy. During spring
1999, a cyclonic eddy was located southwest of De Soto Canyon with weak lows adjacent to the shelf
edge. The Loop Current was adjacent to the upper slope south of Tampa. The ADCP field shows the
circulation over the outer shelf/upper slope was not as well organized as in spring 1998. The influence
of the Loop Current was apparent in strong, anticyclonic, southward currents over the upper slope west
of Tampa; these currents extended at least to 100 m as measured by the ADCP. In both springs, the
salinity was higher over the outer shelf/upper slope than over the inner shelf (Fig. 8b). The region with
the higher nutrients and chlorophyll a concentrations was off Louisiana, Mississippi, and Alabama and
was associated with the discharge of the Mississippi River.

Summer (August 1998 and August 1999)

Western Inner Shelf: Summertime currents over the western inner shelf were weak and not well
organized, but with some indication of reversal of the springtime downcoast flow conditions to upcoast
flow (Fig. 9a). Winds were weaker than in spring, and differed in direction between the two cruises with
a westward component during 1998 and an eastward component during 1999. During 1998, there was
a low in geopotential anomaly over the head of De Soto Canyon associated with a cyclonic circulation
along the 100 m isobath. In 1999, the currents show no such cyclonic circulation, but rather exhibit
downcoast flow along the 100 m isobath. The salinity at 3 m in both summers was freshest off the
Mississippi River Delta and was generally greater than 32 elsewhere (Fig. 9b). Off Panama City,
salinities were highest nearshore; this was related to the offshelf circulation discussed below. Silicates
were high off the Mississippi River and also off Pensacola Bay. Nitrates and phosphates were elevated
only off the Mississippi River Delta, where chl a concentrations also were the highest over the western
inner shelf. Lowest bottom oxygen concentrations (<3 mL-L") were associated with the region of
highest chl a. Hypoxia at the bottom occurred along line 4 in about the 25 m water depth (Fig. 10).

Eastern Inner Shelf: Summertime near-surface currents over the eastern inner shelf were weakly
cyclonic, with a center at about 28.5°N, 84°W in 1998 (Fig. 9a). The pattern extended into the water
column, but with the center shifted westward. In contrast, the near-surface currents in 1999 (not shown)
were weakly anticyclonic, mainly north of 28.7°N, with a center at about 29°N, 84.3°W. Inshore of the
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20 m isobath south of 28.7°N, currents were directed south. The 1999 pattern did not extend into the
water column. The contours of salinity at 3 m in 1998 generally paralleled isobaths, with higher
salinities inshore (Fig. 9b). Preliminary results indicate a similar pattern for 1999. This pattern is related
to the conditions at the outer shelf. In 1998, nutrients were low and bottom dissolved oxygen
concentrations were high over all the eastern inner shelf. Chlorophyll @ values were less than 300 ng-L™
everywhere except between the Apalachicola and Suwannee rivers. This is consistent with the
movement of Suwannee River water northwest in association with the cyclone located over the shelf.

Outer Shelf/Upper Slope: The SSHA map for the summer cruise 1998 shows an anticyclonic eddy was
located seaward of the western shelf edge, with its center near 28.5°N, 87.5°W and elongated NW-SE
between the Mississippi River Delta and the west Florida terrace. The ADCP near-surface currents
show the strong anticyclonic response of the upper slope circulation to this eddy (Fig. 9a). The eddy
drew water from the Mississippi River along the outer shelf/upper slope from the delta eastward. The
effect can be seen in the 3 m salinity map (Fig. 9b) which shows very fresh waters (<30) over the eastern
flank of De Soto Canyon and along the 1000-m isobath. This results in the condition of saltier water
being located inshore over the shelf east of about 87°W. Silicates are high (up to 10 mM) over the upper
slope east of De Soto Canyon as compared to the inner shelf values of order 1. Other nutrients are very
small, due to consumption as indicated by the region of high chl a (>500 ng-L™") co-located with the low
salinities/high silicates at the outer shelf/upper slope. Indications are the results for 1999 will be similar,
which might be expected from the presence of anticyclonic features adjacent to the 1000-m isobath
during the summer 1999 cruise.

Also present over the outer shelf/upper slope in summer 1998 was a small cyclone located at the head
of De Soto Canyon (Fig. 9a). Associated with this feature is an uplift in the various water properties,
including dissolved oxygen as shown in Figure 10. This is an example of localized upwelling. The
presence of small cyclones near the shelf edge with associated upwelling was seen in other seasons as
well.

Fall (November 1997 and November 1998)

Western Inner Shelf: The near-surface circulation over the western inner shelf in fall was highly variable
in direction and magnitude, most likely due to the frequent passage of cold fronts through the area (Fig.
11a). During both cruises, the average winds were directed approximately west to southwest over the
western inner shelf. In each, the fall pattern of circulation included an elongated, but weak cyclone over
the Mississippi-Alabama shelf. This pattern was strongest in 1998 (not shown). In fall, when river
discharge is smaller than spring, the salinity concentrations at 3 m were lowest immediately adjacent
to the Mississippi River Delta (Fig. 11b). However, in contrast to the two summer cruises, the salinity
east of the delta went from lower nearshore to higher offshore. The contours also approximately follow
the isobaths, except near the Mississippi River Delta. The gradient was steeper in 1998 than in 1997,
reflecting the higher river discharge in 1998. This difference also is reflected in the patterns and
concentrations of nutrients at 3 m. The 1998 conan order of magnitude or more off the delta than in
1997. In both years, localized high silicates occurred offshore of Pensacola and Choctawhatchee Bays.
Nitrate and phosphate were low (generally less than 0.1 mM) over the western inner shelf except
adjacent to the Mississippi River Delta in 1998. Chlorophyll a concentrations were less than 500 ng-L™
except adjacent to the delta. Bottom dissolved oxygen concentrations were high over the western inner
shelf, as expected from vertical mixing induced by passage of cold fronts through the area in fall.
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Eastern Inner Shelf: Geopotential anomalies over the eastern inner shelf in fall exhibited pairs of high
and low features, where the dynamic range was approximately 5 dyn cm. In 1997, the low was centered
near 28.5°N, 83.5°W and the high near 28.5°N, 85°W. The near-surface currents, however, do not
indicate that these were well-developed circulation features (Fig. 11a). Rather, flows over the eastern
inner shelf tended to bifurcate at about 29°N, with flows directed northwestward north of that latitude
and flows directed southward to the south of it. The north-south order of the high-low pair in 1998 was
reversed from that of 1997, with the low centered at about 28.3°N, 83.7°W and the high at about 29°N,
84°W. No near-surface currents are available for this cruise. The 3 m salinities in both years are
between 34 and 36, with lower values inshore (Fig. 11b). Nutrient values are low. Bottom dissolved
oxygen concentrations are high, although the values in 1997 are generally higher than in 1998. The
chlorophyll a patterns are somewhat different in the two years. The concentrations in 1998 are lower,
ranging from <100 to ~400 ng-L"', compared to 1997, which range from about 200 to 3000 ng-L"'. The
highest values in 1998 were inshore just northwest of the Suwannee River; winds in this region during
the cruise were toward the west. The highest values in 1997 were inshore south of the Suwannee River;
winds during this cruise were directed to the south-southwest. Thus, these chl a patterns may reflect
movement of Suwannee River water by the winds.

Outer Shelf/Upper Slope: During both fall cruises, a weak anticyclonic eddy was located seaward of
the western shelf edge, with lows in SSHA adjacent to the west Florida shelf. The currents over the
outer shelf/upper slope indicate a response to the presence of these SSHA patterns. For example,
associated with the anticyclone in 1997 were eastward currents over the outer shelf/upper slope just west
of the delta and southward flow associated with the SSHA lows over the upper slope off Tampa (Fig.
11a). Except where influenced by the discharge from the Mississippi River in the west, property
distributions in this region show patterns of low nutrients and chl a and salinities that are higher than
those over the adjacent inner shelf.

Summary

The preliminary results of the first six NEGOM-COHS cruises indicate a seasonal pattern to the
circulation over the shelf. In spring, the wind field generally forces an eastward flowing coastal current
over the inner shelf west of Cape San Blas. This transports nutrient-rich, fresh river water eastward
along the coast. East of Cape San Blas there is no indication of an anticyclonic circulation in the Big
Bend region; rather, there are indications of possible cyclonic flow. In contrast to the spring, there is
no large alongshelf flow over the inner shelf in the fall season. Flows over the outer shelf were not
strong either. This caused the effects of the discharge of the Mississippi and other rivers to be localized
near the river mouths and offshore of the sounds, as apparent in property distributions. In summer, the
major circulation feature seen on the NEGOM cruises was fresher water being drawn along the outer
shelf in response to the presence of anticyclonic and cyclonic eddies over the slope adjacent to the shelf
edge. In all seasons, the presence of such anticyclonic or cyclonic eddies adjacent to the shelf edge
influenced the circulation, and hence the property distributions, over the outer shelf and upper slope.
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the river mouths and offshore of the sounds, as apparent in property distributions. In summer, the
major circulation feature seen on the NEGOM cruises was fresher water being drawn along the
outer shelf in response to the presence of anticyclonic and cyclonic eddies over the slope adjacent to
the shelf edge. In all seasons, the presence of such anticyclonic or cyclonic eddies adjacent to the
shelf edge influenced the circulation, and hence the property distributions, over the outer shelf and
upper slope.
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DE SOTO CANYON CIRCULATION AND EXCHANGE

Peter Hamilton
Science Applications International Corporation
615 Oberlin Road, Suite 300
Raleigh, North Carolina 27605

Introduction

The De Soto canyon is the corner region of the slope between the wide west Florida shelf and the
Mississippi delta. Circulation in the canyon and on the upper slope is expected to be a strong influence
on the exchange of properties and biological organisms between the shelf and the deep waters of the
eastern Gulf of Mexico. Satellite sea surface temperature (SST) imagery has shown that, on occasion,
Loop Current (LC) or Loop Current eddy derived water can be transported north onto the narrow
shelves of Alabama and the Florida Panhandle. Similarly, it is known that Mississippi brackish water
can be transported east and south of the delta and be entrained into the LC. Transport mechanisms are
strongly influenced by the eddy field over the northeastern Gulf of Mexico (NEGOM) slope. SAIC,
under MMS funding, has recently completed a two-year (March 1997 to April 1999) intensive field
study of the NEGOM slope employing 15 moored current meter arrays and regular hydrographic
surveys at four month intervals. The positions of the moorings and CTD stations from a typical survey
are given in Figure 12. Preliminary results from ongoing analyses by a team of Principal Investigators
are presented below.

Eddy Circulation

The NEGOM slope is dominated by eddies which are similar in character to eddies found on the
Louisiana and Texas slopes, west of the delta. Eddy diameters range from about 20 km to about 100
km with the larger diameters more likely to be found on the lower slope. There is evidence from remote
sensing that the larger eddies may be related to peripheral or frontal eddies of the LC or major LC
anticyclones. These types of eddies are often cyclonic but over the slope both cyclonic and anticyclonic
circulation are found. The eddy scales over the slope are such that they are often not very well resolved
even with the high resolution of present generation, numerical circulation models of the Gulf. Figure
13 shows the near-surface geostrophic velocity map derived from the April 1998 hydrographic cruise.
Two adjacent cyclones are on the lower slope with a number of smaller cyclones and anticyclones over
the shelf break and head of the canyon. In this case, the vigorous circulation of the cyclones has
transported warm salty water originating from a recently detached LCE towards the slope (Fig. 13b).
A more common circulation is for upper layer anticyclones to form an eastward flowing, upper- slope
jet with a counter flow below about 200 m. Figure 14 shows the surface circulation in March 1997, and
the depth structure of the geostrophic velocity field along transect B (see Figure 12). In this case, the
surface eastward flows bypass the head of the canyon and continue southeastward along the west Florida
slope. A weak cyclonic-anticyclonic pair of eddies has formed over the head of the canyon. This type
of flow easily transports the low salinity water, from near the delta, eastwards over the slope and into
deep water. The time series of currents, salinity and



temperature from the moored array confirm the validity of the geostrophic calculations and also show
an upper-layer eastward mean flow along the upper slope. The mean flows also show a weak cyclonic
circulation over the head of the canyon particularly at depths greater than ~ 40 m. The relative isolation
of the canyon from the eddy driven flows of the lower slope may be a possible larval retention
mechanism.

Variability

There are many different period motions (excluding tides and inertial motions) observed in the time
series. They range from relatively rapid fluctuations ~5 to 12 days to long period motions with periods
of 20 to 30 days and 60 to 100 days. Moreover, the dominance of the ~ 10 day relative to the 20 to 30
day period fluctuations changes with apparent season. The December 1997 to March 1998 period was
characterized by highly energetic ~ 10 day motions whereas in the summers of 1997 and 1998 the 20
to 30 day motions were more prominent. The former winter period was characterized by the formation
and detachment of LC eddy F. The following winter of 1998-1999 has similar energy levels to the
Summer records and the LC had retracted to the south of 24EN for most of this time. Thus, it is not
clear whether the change in energy levels is a seasonal phenomenon or indirectly linked to the northward
penetration of the LC and the formation of LC eddies. The type of variability influences the exchange
across the shelf-break. Large advective fluxes can occur over a long period (~ weeks) if there is a
relatively stationary eddy near the shelf break. The shorter period motions are less effective at
transporting large volumes of water on or off the shelf.

Conclusions

The NEGOM slope flows appear to be primarily driven by eddies that are distinct from the LC and
LC anticyclones. Slope eddies have much smaller scales but they may be generated by instability
mechanisms of the larger scale flows. Thus, slope eddy circulation should not be thought of as being
separate from the complex flows found around and to the north of the LC. The LC may also have an
indirect effect on the magnitudes and periods of the fluctuating flows as well as on the basic circulation
patterns. These topics are being investigated as part of the ongoing analysis of the physical
oceanography of the De Soto canyon slope.
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SOME REMARKS ABOUT CURRENTS ON THE CONTINENTAL SHELF IN RELATION
TO THEIR RELEVANCE TO CROSS-SHELF TRANSPORT

Wilton Sturges 111
Florida State University
Department of Oceanography
Room 405 OSB
Tallahassee, Florida 32306

For several decades, physical oceanographers have studied the wind-driven flow on continental
shelves. The general category of “coastal trapped waves” or continental shelf waves can be handled
fairly well. Analytical models such as the one by Clarke and Van Gorder allow calculation of the
longshore flow to an accuracy that is probably limited more by our knowledge of the wind field than
of the physics involved. Comparison between model calculations and observations from current
meter moorings yield very favorable comparisons for the longshore wind-driven component when
the bottom topography is not too irregular.

The coastal trapped waves, having periods of roughly 3 days to 3 weeks, are essentially in
geostrophic balance. This means that the flow follows the isobaths. For currents at depths of
roughly 10 - 50 m, a tide gauge at the coast serves as a good current meter for the longshore flow.

However, most of the questions asked by my biologist friends deal with the cross-shelf flow, not
the longshore flow. In order to move particles (such as fish larvae) across the shelf, we can invoke
several processes:

1. Catastrophic events, such as the 10-year floods.

2. Eddy fluxes, of the type <v’L’> where v means the offshore velocity, L is the
concentration of “something” such as larvae or salinity or your favorite variable, the
brackets imply a time average, and the primes mean fluctuations about some average
value.

3. Small squirt-like things caused by instabilities, with horizontal scales of perhaps 20-30
km.

4. Friction-induced cross-shelf flow.

For this talk I will assume that the last one is the most important. This is called “proof by
assumption.”

Figure 15 shows a map of several current meter moorings that have been employed since the
early 1990s. Figure 16 shows a typical velocity record at “mid depth” at the mooring labeled C56.
The higher frequency variability is largely from inertial motions. Figure 17 shows a “progressive
vector diagram” of the currents measured at the mooring labeled C30, south of Pensacola/Panama
City on the 55 m isobath. This mooring was installed (paid for) by Chevron, using MMS equipment.
The data are available on my web page [http://gulf.ocean.fsu.edu] as are the data from most of the
other moorings shown in Figure 15.
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In Figure 17 we see that the first 3-month setting of the moorings finds flow (at 10 m depth)
fairly consistently along the local isobaths, with a mean flow (for just the time of this mooring) to
the northwest. If you look closely you will also see a progressive vector plot that is only about 25%
as long, and off to the left about 30°. This is the flow observed at an instrument 3 m above the
bottom. This flow off to the left is of course the result of friction in the bottom Ekman layer. The
main point of this figure is that such cross-isobath flow is reliably present, near the bottom, in all
observations, even if the magnitude is small.

For observations at the sea surface, we look to the observations from drifters. During February
1996 - March 1997 MMS sponsored a major drifter program in the north-east Gulf led by P. Niiler.
The drifters are 1 m tall, and float in the surface layer, with only a tiny amount of flotation above
water. They have been very carefully designed to follow the water, not the wind. Weekly plots of
the drifter tracks (courtesy Walter Johnson, MMS and P. Niiler) are on my web page; movies of the
drifter motions are available in various forms as well as on the web page mentioned. The primary
motions that we notice in these movies are the back-and-forth flow induced by the passage of
synoptic wind systems, in the “wind band” of 3 days to 3 weeks. These are the coastal trapped
waves, and they are largely along the isobaths.

The drifters also show a significant amount of cross-shelf motions. It is difficult (but not
impossible) to piece together a good continuous time series from the data. But scatter plots, or
correlation diagrams, can easily be made between the wind and the drifter motions. For the onshore
component of the drifter velocity, the correlations are most highly significant when the winds are
rotated such that the onshore velocity is 30° — 40° to the right of the wind. Ekman wins again. Note
that (a) this angle will vary, depending on the strength of the vertical stratification, and (b) we
usually think of the Ekman transport as being 90° to the right of the wind. This is true of the total,
vertically integrated flow in the Ekman layer. The part we are talking about here, however, is only
the first upper meter of that Ekman spiral.

The onshore component of the drifter velocity in this upper meter is found to be (from such
scatter plots) approximately 2% of the wind speed. A cross spectrum shows that at frequencies
where there is a substantial amount of power in the wind, there is significant coherence with the
drifter motion.

The continental shelf off Pensacola is roughly 70 km wide. We can compute the monthly mean
winds that are approximately in the correct orientation to drive onshore flow. If the winds (at this
orientation) reach values of perhaps 2 m/sec (not a large value, to be sure), this gives an onshore
velocity of approximately 4 cm/sec. This speed, for an entire month, suggests an onshore motion
of over 100 km quite enough to move a particle, or larvae, from the shelf break to the coast if the
particle is in the upper meter of the water column.

Figure 18 shows a plot of the “nearly onshore component of wind” that would drive onshore
flow toward Panama City. These data are from the NCEP re-analysis wind data set, available from
the NOAA web pages. In this plot we see, first, a large annual signal. The feature to notice is that
mean monthly speeds as large as 2 m/sec are found rather often, suggesting that onshore motions,

42



all the way across the shelf, can be expected from such wind-driven flow in the upper Ekman layer.

For a particular situation, such calculations can be made more carefully, or for an extended
portion of the coast.
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MONITORING STATION LOCATIONS

Figure 15. Map of several current meter moorings that have been employed since the early 1990s.
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web pages. This figure shows a plot of the "nearly onshore component of wind: that
would drive onshore flow toward Panama City. In this plot we see, first, a large
annual signal. The feature to notice is that mean monthly speeds as large as 2 m/sec
are found rather often, suggesting that onshore motions, all the way across the shelf,
can be expected from such wind-driven flow in the upper Ekman layer.
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Introduction

Nearshore sediments off northwest Florida are predominantly sands called the West Florida
Sand Sheet by Doyle and Sparks (1980). Studies on the origin of these sediments based on clay
mineralogy, heavy minerals, and grain size and shape analysis have indicated a fluvial origin
dominated by the Apalachicola River and rivers of the southeastern United States, with some
reworking by coastal or offshore wave processes (Griffin 1962; Ludwick 1964; Hyne and Goodell
1967; Arthur et al. 1986; Donoghue 1989; Mazzullo and Peterson 1989). Present shelf sedimentary
facies and distributions patterns reflect some combination of preexisting control on sediment sources
combined with reworking under marine conditions of the past several thousand years.

Herein we summarize findings pertinent to surface sediment facies and distribution patterns in
Florida State waters west of Cape San Blas to the Alabama border. Previous discussions of the
sediment data were available only in unpublished reports (Locker et al. 1988; Logue 1990), while
the subsurface stratigraphic framework in this area was reported on by Locker and Doyle (1992).
The western portion of the study area exhibits a finer-grained source reflecting the Mississippi-
Alabama shelf apparently influenced by the Mississippi River and other river systems in Alabama
and western Florida. East of Pensacola the sand sheet coarsens, reflecting a more relic sand sheet
combined with increased biogenic carbonate material indicative of hard bottoms. Just west of Cape
San Blas, an increase in mud accumulation reflects modern input. Surface sediment data, combined
with side-scan sonar imagery, allow subdivision of the study area into 3 zones: A) the western half
of the study area to south of Choctawhatchee Bay, B) the area between Choctawhatchee Bay and
St. Andrews Bay containing increased carbonate and hard bottom substrates, and C) an area
distinguished by fine-grained mud WNW of St. Joseph Sound.

Methods
A geophysical survey consisting of 3200 trackline kilometers at a 3.2 km (2 mile) spacing was
acquired in December 1986 (Fig. 19). Geophysical methods consisted of a high-resolution boomer

analog seismic system and an EG&G 100 kHz analog side-scan sonar system. In addition, 681
bottom samples were collected every 2.4 km using an underway bottom sampler (Fig. 20). Sediment
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analyses included grain size at 1-phi intervals from —1 to <8 phi (see Table 2 for mm equivalents).
Statistical parameters of grain size (mean phi and standard deviation) were calculated by the method
of moments (Folk 1974). Contour maps for mean phi, standard deviation, % carbonate and % mud
were produced using inverse-distance gridding which tends to smooth spatial variability and
attenuate minimum and maximum values.

Table 2. Relationship of standard phi units to millimeters for range of data in this study.

Phi size millimeters Wentworth Size Class
-1 2
very coarse sand
0 1
coarse sand
1 0.5
medium sand
2 0.25
fine sand
3 0.125
very fine sand
4 0.0625
silt
8 0.0039
clay

In this study, “mud” refers to silt+clay, >4 phi (<.0625 mm).

Surface Sediment Characteristics
Grain Size

The mean grain size of surface sediment is show in Figure 21. Medium-size sand dominates the
inner shelf area. However coarser-grained patches are found west of St. Andrews Bay, and then
fined-grained mud deposits are located west of St. Joseph Bay (Fig. 22.). The source of the mud was
not determined, and could represent natural accumulations (concentration by current or exposed pre-
existing back-barrier deposits) or unnatural origins such as dredge material. In either case, mud
sized material is dispersed throughout numerous samples in the eastern-most area. The sedimentary
facies zones A-C are evident in the mean grain size distribution patterns (Fig. 21). The patches of
coarse sand on the shelf between Choctawhatchee Bay and St. Andrew Bay correspond with patches
of high carbonate content (Fig. 26).

Sorting

A plot of mean grain size versus standard deviation is in shown in Figure 23. Nearly half of all
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samples collected are well-sorted medium-size sand. Samples containing mud (lower mean phi
values) display poorer sorting values which reflect mixing of mud with the more typical shelf sands.
A slight trend of increased grain size with increased standard deviation is associated with increased
carbonate grains found in Zone B, however carbonate is mixed somewhat across grain sizes (Fig.
24). A contour map of standard deviation values clearly shows a trend toward poorer sorting toward
the east (Fig. 25).

Composition

The sand fraction consists of quartz and quartzite grains reworked during the Holocene sea-level
rise. Bottom samples high in carbonate characterize Zone B (Fig. 26). The carbonate fraction
contains a mixture of non-living or relic components such as lithoclasts and blackened grains (such
as phosphatic coatings or H,S stained shells) and an assemblage of grains indicating production
associated with live bottoms (Fig. 27).

Side-Scan Sonar Imagery — bottom types and bedforms

Figures 28 and 29 present interpretations of side-scan sonar imagery that also support
subdivision of the inner shelf into 3 zones. Lineation patterns plotted in Figure 28 show that
megaripples and sand waves occur throughout the study area. The largest scale sand waves are
found in the eastern Zone A associated with thicker sands mapped by Hyne and Goodell (1967).
Line drawing interpretation of the sonar imagery becomes difficult in the middle Zone B area
related to much thinner and patchy sediment cover along with the presence of hard bottoms. A
smaller-scale suite of megaripples and more linear megaripples in the eastern-most Zone C suggest
some control by changes in shelf energy and current patterns. A summary plot of many of these
bottom types in Figure 27 correlates well with the sediment facies changes previously discussed.

Assessment

The number and distribution of bottom samples allowed a much more detailed analysis of
sediment distribution patterns on the inner shelf. However this information is more highly variable
in character than has been presented thus far. The primary limitation is correlation of sample
location to bottom type (hard bottoms, various bedforms, etc). Clearly, a better map of bottom
types, trends, patchyness, and spatial scale is needed. At the time this side-scan imagery was
collected, interpretation techniques were based on scrolling through paper records, digital mosaicing
was not available. The 2-mile spacing of survey lines was very good to gain an overall
understanding of bottom characteristics, yet we have a poor understanding of the size, distribution
and type of hard/live bottom types in the study area. Sediment analyses remain a time consuming
technique. However improved seafloor imaging techniques now allow routine acquisition of full-
coverage mosaics of the seafloor for assessment of habitat type and patchyness.

Recommendations

Information on the occurrence and distribution of bottom types is essential for understanding
benthic environments. Hard bottom environments are distributed throughout the shelf are critical
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to benthic and pelagic fauna. Current-produced bedforms are widespread, yet little is known about
distribution with depth and the implications for rates and timing of sediment transport or
resuspension, such as storm events. Additionally, the near surface geologic framework may be
important to understand textural and bottom type patterns — such as exposed “bedrock” or location
of paleoshorelines or deltaic depocenters. Continuous side-scan coverage of the entire shelf is
probably too much effort to consider. However a broad reconnaissance survey approach, followed
by a fill-in phase of surveys to collect continuous bottom imagery in areas of interest, is needed to
better understand the location and spatial extent of benthic environments.
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Figure 21. Mean grain size of surface sediments. The dominant texture is 1-2 phi (medium sand).
The 3 principal sedimentary facies zones A-C are defined based on grain size and
carbonate percentages.
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Figure 22. Map of percent mud in surface sediments. Significant mud deposits were found only in
the eastern-most portion of the study area and defines Zone C.
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Figure 24. Plot of mean grain size versus % carbonate shows a distribution of carbonate grains
somewhat independent of normal shelf sediment textures.
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Figure 26. Map of percent carbonate shows highest concentrations occur along the seaward side
of Zone B.
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Figure 27. Plot of composition data for all samples with > 40% carbonate shows a mixture of
carbonate-producers and non-living grains derived from hard-bottom exposures.
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Figure 29. Plot of bottom types based on side-scan imagery (data from Logue 1990). Mottled low
relief bedforms correspond to megaripples that are superimposed on some of the larger
sand waves located in Figure 26. Patchy sand bodies in Zone B are 10’s to 100’s of
meters in scale but segmentation of these patches suggest they are sediment-starved.
Ribbon-like features are more linear megaripples that were found only in Zone C.
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SHELF NUTRIENT CHEMISTRY - THE GULF OF MEXICO
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It has long been recognized that while the world's ocean basins are filled with water, it is not pure
water. This fundamental observation has wide ranging consequences for understanding the dynamics
of water masses within basins and sets the stage for a coupling of biological, chemical, geological and
physical processes in oceanic environments. The distribution of these "impurities" is not homogeneous
throughout the water column nor geographically, reflecting the dynamic interactions of input and
removal processes that vary both temporally and spatially within a basin such as the Gulf of Mexico.
The constituents of sea water can be dissolved as well as particulate and each type of added material can
have profound effects on the fundamental properties of seawater such as density and optical properties.

It has also been long recognized that seawater properties are directly effected by the presence of living
organisms. The ongoing processes that form the basis of life, such as photosynthesis and metabolism,
are reflected in both the dissolved and particulate properties of seawater. Particulate matter can be living
or non-living, with non-living material being comprised of both organic and inorganic compounds and
materials. The following presentation briefly describes the biogeochemical consequences and important
processes that contribute to and control the distribution of nutrients in the Gulf of Mexico. Marine
plants and phytoplankton require micronutrient elements such as nitrogen and phosphorous for their
growth. The distribution of nutrients is closely coupled with related seawater chemical constituents such
as oxygen, carbon dioxide, particulate organic carbon, and dissolved organic carbon. The chemistry of
nutrients in the Gulf of Mexico is best understood in the broader context of all of these seawater
properties.

Nitrogen is essential for life by providing the elemental building blocks for many organic
compounds such as amino acids and proteins. Nitrogen occurs in seawater as dissolved molecular gas
(N) and inorganic and organic compounds. The principal inorganic forms of nitrogen in seawater are
nitrate (NOs"), nitrite (NO;"), and ammonia. Seawater also contains minute amounts of other inorganic
compounds as well as dissolved and particulate organic nitrogen compounds. The distribution of the
major inorganic nitrogen species in the ocean are controlled by biological processes. Once incorporated
into biomass, nitrogenous materials are redistributed in the water column due to sinking of the detrital
remains of dead organisms and upwelling of deeper waters to the nearsurface. These processes
operating in unison establish a nitrogen cycle in the sea. While phytoplankton normally synthesize
proteins from nitrate, nitrite and ammonia, bacteria preferentially incorporate organic nitrogen. During
metabolism nitrogenous material, mainly in the form of urea, is excreted by living organism. The
nitrogen cycle in the sea is not a closed system in that nitrogenous material is constantly being deposited
in sediments and nitrogen enters the sea from river and rain water. Important processes that control the
distribution of nitrogen in the sea include nitrogen fixation, assimilation of fixed nitrogen, and
regeneration of nitrogen. Most nitrogen assimilation occurs in the euphotic zone whereas regeneration
of nitrate can occur throughout the water column and in the sediments. This offset in the vertical
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occurrence of these processes leads to the commonly observed vertical heterogeneity observed in water
column profiles of inorganic nitrogen. Because the distribution of nitrogenous materials in the sea is
primarily influenced by biological processes, there is a strong seasonal variation in the observed
concentrations.

Phosphorous is an additional micronutrient required by living organisms, the same input and
removal processes control its distribution in the sea. Similar to nitrogen, phosphorous occurs in
seawater in a variety of dissolved and particulate forms. Inorganic phosphorous is predominantly in the
form of orthophosphate ions (PO,). Dissolved phosphorous in sea water also occurs as organic
compounds mostly derived from the decomposition of organismal remains and excretion from living
organisms. Phosphorous also occurs in the particulate form in sea water in association with living
organisms and detrital remains from dead organisms. A phosphorous cycle has also been proposed.
Removal mechanisms include sedimentation and inputs are derived from riverine discharges, rainfall,
and regeneration, both in the water column and sediments. Phytoplankton usually satisfy their
phosphorous needs by direct assimilation of orthophosphate followed by metabolic transformation to
organophosphorus compounds (phospholipids, phosphonuleotides, etc.). In most of the world oceans,
phosphorous is available in amounts exceeding the needs of the resident organisms. Bacteria generally
satisfy their nutritional needs for phosphorous from detritus and are an active component, in addition
to intracellular enzymes, in the regeneration of phosphorous. Similar to nitrogen, the close coupling of
phosphorous to biological processes results in strong temporal variations primarily associated with the
seasons. Vertical and spatial heterogeneity in phosphorous distributions reflect the dynamic interplay
of inputs and removal processes. Differences in the localities where these processes occur establish the
often-observed spatial gradients in phosphate concentrations.

Silicon is also present in seawater in both dissolved and particulate forms. The dissolved form is
commonly determined as silicate (SiO4). A major source of silicon to the Gulf of Mexico is weathering
of rocks on land followed by riverine transport to the sea. Within the water column, there are many
organisms, including diatoms and radiolarians that have skeletons composed of hydrated silica-opal.
Upon their demise, the siliceous skeletons slowly dissolve in seawater as they sink to the underlying
sediments. High concentrations of silicon are observed in inshore regions and can account for as much
as 60% of the water column particulate matter depending on geographic location. Seawater is
undersaturated with respect to silicon and therefore dissolution is almost always an ongoing process. The
incorporation of silicon into biological structural components is an efficient mechanism of removing
silica from seawater. These materials are also efficiently transported and deposited in sediments due
to the rapid settling rates. The sea contains several groups of plants (e.g., diatoms) and animals that
require silicon to maintain their structural integrity. The concentration of silicon in surface waters is
generally low except in regions of upwelling due to the uptake of silicon by organisms in the euphotic
zone. As with the other nutrients, close coupling of silicon with biological processes produces spatial
and temporal variations in its distribution. The silicon cycle produces a heterogeneous distribution
reflecting the balance of inputs, uptake, and remineralization. Each of these processes can be more or
less important depending on the local setting thus producing significant regional variations in silicon
distributions.

Nutrient concentrations and distribution in the Gulf of Mexico are controlled by a combination of

biogeochemical and physical processes described above. The processes that control nutrient
concentrations; river discharges, coastal currents and winds, upwelling, biological activity, and rainfall;
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are all operative in the Gulf of Mexico. In near-bottom waters, remineralization of organic matter can
lead to elevated levels of nutrient concentrations. Excess or enhanced nutrient levels can contribute to
oxygen depletion and plankton blooms. On the outer continental shelf differences in nutrient
concentrations between surface water and bottom waters are substantial. The concentrations of nitrate
and silicate increase from below the detection limit in surface waters to about 30 ®MXL™" in the deep
waters of the outer continental shelf. Waters as deep as 70 m tend to be nutrient-poor, with nutrient
concentrations far below those of deep waters. An abrupt increase in nutrient concentration; particularly
for phosphate, nitrate and silicate occurs between 70 and 100 m water depth. This vertical structure
develops as a result of fixation of nutrients into biomass by phytoplankton in the euphotic zone and
remineralization of organic matter in the deeper waters. These features are constant enough to
characterize water masses in the Gulf of Mexico (Table 3).

Table 3. Water Masses in the Gulf of Mexico and Associated Property Extrema and Potential
Densities (compiled from Morrison and Nowlin 1977; Morrison et al. 1983; Nowlin and
McLellan 1967).

Eastern Gulf of Mexico Western Gulf of Mexico
Water Depth Feature(s)  Sigma-theta Depth Feature(s)  Sigma-theta
Mass (m) mg cm” (m) mg cm”
SUW-LC  150-250 Salmax 25.40
SUW 150-250 Salmax 25.40 0-250 Salmax 25.40
181CW 200-400 O2max 26.50
TACW 400-700 O2min 27.15 250-400 O2min 27.15
AAIW 500-700 NO3pmax 27.30
AAIW 700-900 PO4max 27.40 600-800 PO4pmax 27.40
AAIW 800-1000 Salmin 27.50 700-800 Salmin 27.50
SiOZmaX SiOZmax
UNADW  900-1200 S102max 27.70 1000-1100 Si02max 27.70

SUW-LC = Subtropical Underwater in Loop Current and new LCEs

SUW Subtropical Underwater in the Gulf but outside Loop Current

181CW = 181C Sargasso Sea Water

TACW = Tropical Atlantic Central Water

AAIW = Antarctic Intermediate Water

UNADW = Mixture of Upper North Atlantic Deep Water and high silicate

Caribbean mid-water
Nutrient rich waters are often apparent in the plumes of the dominant Gulf of Mexico river systems.

This dynamic interaction of potential sources and sinks results in seasonal and geographic variations in
nutrient distributions across the Gulf of Mexico. For example, in the northwestern Gulf of Mexico
phosphorous and silicate distributions are biologically controlled while nitrate distributions are
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influenced by large riverine inputs. Nutrients concentrations exhibit spatial, seasonal, and interannual
variations controlled by water column stability, river discharge, and local wind fields.
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