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ABSTRACT

Information on the natural resources of the Tuscaloosa Trend 0CS (south-
eastern Louisiana-Mississippi, and Alabama), from coastal marshes to a depth
of 200 m, have been collected, annotated, and synthesized. Over 1200 pub-
lished and unpublished data sources were reviewed and citations computerized
in the NEDRES format to provide MMS a means for retrieving, updating, and
expanding the data base. A conceptual ecosystem model of the Tuscaloosa Trend
shelf has been developed that represents the OCS region as an integrated sys—
tem of physical and biogeochemical components, stressing functional relation-
ships and interactions with adjoining ecosystems. Synthesis report chapters
characterize the ecosystem model, physiography and geology, physical and chem-
ical oceanographgy, ecological resources, and socioeconomic features of the
region. Data gaps are identified and suggestions for additiomal research on

the 0OCS are discussed.

The Tuscaloosa Trend lies primarily on the broad Mississippi-Alabama
shelf and is a transitional region between the West Florida shelf and the
active modern delta of the Mississippi River. The main geographic features
include eastern Mississippi River Delta, Chandeleur-Breton Sounds and Islands,
Mississippi Sound and adjoining barrier islands, and Mobile Bay. Water mass
circulation in both coastal and shelf waters is strongly affected by open Gulf
circulation (e.g., Loop Current), diurnal tides, sustained winds, and fresh-
water discharge from major river systems (e.g., Mississippi and Mobile
Rivers). Net longshore littoral drift is generally to the west along the
Mississippi-Alabama barrier islands and to the north along Chandeleur-Breton
Islands as determined from island migration patterns. Transport of nutrients
to the inner shelf occurs during periods of high river dishcarges, while outer
shelf areas are provided with nutrients primarily during intrusions of oceanic
waters. Pollutants are generally restricted to areas of localized inputs
(i.e., discharges from coastal industrial and municipal centers).

Approximately 269,000 acres of coastal marshes fringe the Tuscaloosa
Trend area and contribute significantly to the productivity of nearby bays and
sounds, especially as primary nursery grounds for finfish and shellfish spe-
cies of sport and commercial importance. Demersal fishes and benthic commu-
nity patterns are defined on the basis of habitat parameters such as sediment
type, depth, salinity, and seasonality. An overview of the biotic interrela-
tionships between the OCS and adjacent coastal marshes and estuaries includes
discussions on seasonal migrations and trophic interactions.

The socioeconomic resources of the Tuscaloosa Trend area include exten-—
sive international and domestic waterborne commerce, expanding tourism and
recreation, a highly productive recreational and commercial fishery industry,
and an increasingly active oil and gas industry.

Additional studies which couple the physical and biogeochemical processes
on the shelf are needed in order to formulate effective OCS management poli-

cies for the Tuscaloosa Trend region.



EXECUTIVE SUMMARY

INTRODUCTION

The Tuscaloosa Trend Regional Data Search and Synthesis Study is designed
to identify and summarize important information pertaining to the environmen—
tal and socioeconomic characteristics of this area of the Gulf of Mexico. The
geographic boundaries of the Trend area are defined by South Pass on the west
(i.e., the southeast corner of the Mississippi River Delta) and by a line from
the head of the DeSoto Canyon and the boundary between Alabama and Florida on
the east. The seaward limit of the study area is the 200 m isobath, while the
landward limit is the coastal areas of eastern Louisiana, Mississippi, and
Alabama.

The report characterizes the Trend area with respect to physiography,
geology, physical oceanography, chemical oceanography, biology, socioeconom-
ics, and a conceptual model of the Trend area. The Executive Summary is in-
tended to provide an overview of the significant aspects of these topics as
well as important information gaps which should be addressed in future inves-
tigations of the management of Outer Continental Shelf resources by the
Minerals Management Service.

CONCEPTUAL ECOSYSTEM MODEL

Conceptual representations of physical, chemical, geological, and ecolog-
ical processes were developed for the Tuscaloosa Trend ecosystem as part of
the data search and synthesis effort. These representations were to provide a
framework for information search and synthesis activities and for identifica-
tion of data gaps that could be filled in subsequent research efforts. The
conceptual model will also provide a means by which such research activities
could be directed and communicaiton between researchers be enhanced. Finally,
the model should provide the Minerals Management Service with a management
device which clearly identifies the interrelationships and potential multiple
use conflicts among the resources of the Trend study area.

The approach to development of the Tuscaloosa Trend conceptual ecosystem
model involves: (1) review and evaluation of existing marine ecosystem con=
ceptualizations; (2) selection of an appropriate existing conceptualization;
and (3) adaptation of the selected model to the Tuscaloosa Trend study area.
The review activities identified the conceptualization of the New York Bight
ecosystem by McLaughlin et al. (1975) as being the most applicable of those
studied. This model, developed for the NOAA Marine Ecosystem Analysis (MESA)
Program Office, represents an ecosystem approach to marine pollution problems,
and can serve as a framework for a scientific research program and as a tool
for resource management. Adaptation of this conceptualization to MMS needs 1is
consistent with the goals of the National Marine Pollution Program Plan, which
requires that federally funded research be coordinated across agencies and
disciplines. Consistent with the MESA approach, the conceptualization of the
Tuscaloosa Trend study area is hierarchical, consisting of three 1levels:
Level 1 - the whole ecosystem; Level 2 - individual subsystems (e.g., sedi-
mentological, biogeochemical and ecological); and Level 3 - specific ecologi-
cal applications (e.g., nekton life histories, marsh-estuarine interactionms,
pelagic and benthic food webs).



PHYSIOGRAPHY

The Gulf of Mexico is a small mediterranean-type sea which encompasses
over 1.5 million square kilometers. Its continental shelf ranges in width
from only 10 km near the Mississippi River Delta to 280 km off southern
Florida. The Tuscaloosa Trend study area lies primarily in the Mississippi-
Alabama Shelf subprovince of the continental shelf and in the Coastal Lowland
subprovince of the East Gulf Coastal Plain. The western portion of the Trend
area encompasses features associated with the subsidence of the now-abandoned
St. Bernard Delta complex as well as with the active modern delta. Several
clusters of islands occur in this area, including Chandeleur, Breton, and
numerous smaller islands. The waters of Chandeleur and Breton Sounds extend
for 96 km along the abandoned St. Bernard Delta and have an average depth of
2 m.

Lake Borgne lies north of these features. It also has an average depth
of approximately 2 m and marks the west end of the Mississippi Sound. The
Sound is a long, narrow, protected, brackish body of water which extends east-
ward along the coasts of Mississippi and Alabama. It ranges in width from 24
to 130 km and has an average depth of 3 me Six barrier islands separate the
Sound from the Gulf, while freshwater input is provided largely by discharges
of the Pearl and Pascagoula Rivers. The barrier islands (Cat, West and East
Ship, Horn, Petit Bois, and Dauphin) range from 4 to over 22 km in length and
from 0.3 to 1.9 km in width. Dunes as high as 14.3 m occur on Dauphin Island.

Mobile Bay 1s a submerged river valley which is approximately 49 km long
(north-south) and 37 km wide at its widest point, between Mississippi Sound
and the eastern shelf of Bon Secour Bay. It averages approximately 3 m in
depth. The Bay merges with Mississippi Sound at Pass aux Herons, which is
1.6 km wide. The southeastern margin of the Bay is delineated by the Fort
Morgan Peninsula.

The oceanic portion of the Tuscaloosa Trend area lies on the Mississippi-
Alabama Shelf, which is a triangular-shaped region extending from the Missis-
sippi River Delta to the DeSoto Canyon. The shelf 1s approximately 128 km
wide in the west and narrows to 56 km in the east. It has a mean declivity of
approximately one meter per kilometer. The shelf slope break occurs at an
average depth of 55 m.

The DeSoto Canyon marks most of the eastern boundary of the Treand study
area. It 1s an S-shaped canyon formed by late Tertiary erosion, deposition,
and structural control by diapiric activity.

The Gulf shelf from Mobile Bay westward has been influenced primarily by
the St. Bernard and Balize Deltas, and by sedimentation from the Mobile and
Pascagoula Rivers. Areas to the east are subject to only slight sedimentation
and some features produced during the Holocene transgression are still
present.

GEOLOGY

The primary geologic feature of the Tuscaloosa Trend region is the Gulf
Coast geosyncline. This structure extends from Alabama to northeast Mexico
and is characterized by a clastic wedge created by regional subsidence and



rapid deposition. These deposits range in thickness from greater than 600 m
seaward of the Mississippi River Delta to very thin or absent on the Wiggins

Arch. The geosyncline exhibits salt deposits created by upward migration of
Jurassic age Louann Salt.

The topography and sediment distribution of the continental shelf are
products of a combination of sea level transgressive-regressive episodes and
deltaic progradation and destruction. Except for peripheral deposition of
sediments from the Mississippi River Delta, little active sedimentation is
presently occurring on the Tuscaloosa Trend study area shelf and slope.

Changes in sedimentation patterns associated with the output of the Miss-—
issippli River result in deltaic areas of rapid progradation and accretion as
well as areas characterized by subsidence and erosion. The Mississippi River
Delta's modern form has been created by 7,000 years of deposition. As many as
16 separate delta lobes have been formed within five deltaic complexes, two of
which (the abandoned St. Bernard Delta and Plaquemines Modern Delta complex)
occur within the Tuscaloosa Trend study area. The center of deposition ap~
pears to be shifting from these areas to the Atchafalaya Basin.

Barrier islands occur along both the Alabama-Mississippi coast and along
the eastern Louisiana coast. Westward littoral drift along the Alabama-
Mississippi barrier islands are thought to replenish the sands which consti-
tute the shoreface, while portions of gsome of the island cores may be composed
of Pleistocene age material. The average annual westward transport of sands
along these northern barrier islands has been estimated to be 162,180 n3.

Migsissippi Sound lies landward of the Alabama-Mississippi barrier is-
lands. Sound sediments are predominantly estuarine silty clays, which are
concentrated in its center. Sands occur in a band along the periphery of the
Sound. Surficial sediments in the eastern Sound are primarily derived from

the Mississippi Delta, while western Sound sediments are prodelta clays de-
posited from the Pearl River.

Mobile Bay derives sediments primarily from the Mobile River system. The
northern part of the Bay contains prodelta silts, clayey silts, delta front
sands, and silty sands transported into the estuary by the Mobile River dis-
tributaries. The Bay margins contain a band of fine to medium sand, while the

central and lower Bay sediments consist of varying amounts of silty clay and
clay. )

The eastern Louisiana barrier islands which delineate Chandeleur and
Breton Sounds are composed of residual or reworked deltaic deposits from the
abandoned St. Bernard Delta. The size of these islands has been decreasing as
a result of reduced sediment supply as well as by patterns of sediment dis-
persal. Sediment movement nearshore exhibits a southerly drift pattern.

The Chandeleur and Breton Sounds landward of these barrier islands are
characterized by a thin veneer of post-St. Bernard lagoonal sediments over-—
lying marsh and fluviatile deposits. This veneer contains sediments ranging
from sands to clays and varies in thickness from a few inches to several feet.

The mainland shore along these sounds is irregular as a result of subsi-
dence and erosion patterns. Natural land loss is exacerbated by construction
and maintenance of navigation channels, levees, diversions, and flood-control



reservoirs. Canal dredging and dredged material disposal are locally impor-
tant factorse.

Shelf surface sediments in the Trend study area are distributed in six
broad sedimentologic subdivisions and are characterized by rapidly deposited
organic-rich clay and silt, fine quartz sand, shelly sands, and carbonate
sands. The Mississippi-Alabama sand sheet is generally heterogeneous, as a re-
sult of such factors as patterns of Holocene transgression and regression,
changes in sediment transport direction, and reworking by wave action and
bioturbation.

Topographic pinnacles or reefs occur at the eastern edge of the Trend
area. These relict features average 9 m in height and occur in water depths
from 22.5 to 28.0 m and 32.3 to 36.5 m.

Geologic processes in the Trend area include relatively rapid changes in
bathymetry related to depositional patterns along the delta front, as well as
long-term formation and movement of geologic structures such as salt domes and
faults.

The dynamic processes assocated with the Balize Delta of the Mississippi
River result from rapid deposition and accumulation of organic-rich sediments.
Accretion rates average lm annually but accumulations of 5 m may occur during
high flood stages. The unstable bottom topography produced by these processes
includes such features as depressions and slides, mudflow gullies, erosional
furrows, faults, and diapirs. Mudflow gullies are the most numerous and ex-—
tensive erosional features of the delta front. The mechanisms which drive and
initiate the movement and formation of these and other features are only par-
tially understood but probably involve oversteepening of the upper delta front
followed by high amplitude storm waves which trigger sediment transport down-
slope.

Sediment transport on the open outer continental slope and slope {is
thought to be driven by broad regional oceanic currents, shelf edge slumping,
and major storm activity. Bedforms appear to be related to storms, tides,
density currents, and oceanic currents. Bedforms have been defined in four
zones in the Tuscaloosa Trend area and include smooth sand bottoms, low re-
lief swells, large sand waves, and irregular hummocky topography.

Geohazards in the Trend area include shallow faulting, steep and unstable
slopes, gas seepage, and peripheral sediment slumping associated with diapirs.
Buried stream channels may also present geohazards as a result of variable
sediment texture and biogenic gas accumulation. The shelf break in the Trend
area exhibits traits which suggest that it may be susceptible to mass wasting.

PHYSICAL OCEANOGRAPHY

The climatology of the Tuscaloosa Trend area is influenced primarily by
the anticyclonic Bermuda High. The High intensifies during the spring and
causes winds to become southerly and southeasterly. It diminishes in the fall
and the region is subjected to continental pressure systems and northerly
winds. Summer air temperatures over the Gulf average 29°C, while average
winter temperatures range from 17 to 23°C. Temperature extremes are greater
in the coastal region. The coastal areas of the Trend experience heavy



rainfall as a result of coincidence of northerly cold fronts and strong
maritime, tropical air masses moving in the opposite direction. Annual
coastal precipitation averages range from 137 cm at New Orleans to 162.5 cm at
Mobile, with maximum rainfall occurring during the summer.

Tropical cyclones include hurricanes (wind velocities above 119 kmehr~l),
tropical storms (velocities between 63 and 118 km'hr'l), and tropical depres-
sions (velocities below 63 km'hr'l). Hurricane-force winds generally develop
in tropical zones between 8° and 15°N latitude, although several hurricanes
originated in the Gulf of Mexico since 190l. These storms may cause a surge
height of over 4.5 m above normal sea level in addition to storm waves.
Hurricanes affect bottom topography through extensive sediment resuspension
and transport.

Wave height patterns in the Trend study area usually correspond to wind
speed trends. Wave heights of 3.6 m may occur throughout the year on the
shelf, while heights of 6 m or greater have been reported. Coastal areas
experience similar seasonal trends but generally lower wave heights. Near-
shore wave energies along the Mississippi River Delta coast are low compared
to other major river deltas. Barrier islands in the Trend study area are
subjected to the highest wave energy.

Water mass circulation in both coastal and oceanic waters of the Trend
area is strongly affected by riverine discharges, including the Mississippi,
Pearl, Pascagoula, and Mobile Rivers. These systems drain a combined land
area of greater than 3 million km%. The Mississippi River accounts for nearly
90% of the total freshwater discharge of approximately 17,370 m3+sec”!, while
the Mobile River represents 10% of the total. The Mississippi River discharge
causes high turbidity levels and temperature / salinity regimes which contrast
sharply to oceanic Gulf waters. The Mississippi River's influence on vertical
patterns of salinity and temperature appear to be limited to the upper 10 to
20 m nearest the Delta and to lesser depths east of the Delta.

Gulf of Mexico tides are both diurnal and semidiurnal with an average
tidal range of from 30 to 60 cm. Semidiurnal tides are found in the
Tuscaloosa Trend region with an average tidal range of from 37 cm at the mouth
of Mobile Bay to 47 cm in Chandeleur Sound.

Surface water temperatures in the shallow sounds and bays in the Trend
area closely approximate air temperatures. These waters are better mixed and
more thermally uniform than the deeper waters of the open shelf. Estuarine
water temperatures reach a maximum of approximately 30°C during July-August
and a low of less than 13°C from January to March. Winter offshore surface
temperatures range from 12°C near the barrier islands to 16°C, while summer
temperatures range from 29 to 31°C. Shelf waters exhibit definite
thermoclines during the summer, with a 5 to 6°C difference between the surface
and bottom. The water column is relatively homogeneous during the winter.

Trend study area salinities are strongly influenced by riverine discharge
and exhibit a definite pattern of increasing salinity with distance from the
mainland. In Mississippi Sound, salinities are highest in the passes and deep
channels, while salinity decreases westward toward the influence of the Pearl
and Mississippi Rivers. Average salinities range from 10 to 20 °/o0 in the
western Sound to 16 to 30 /oo near Mobile Bay.



Salinity patterns on the continental shelf are highly variable due to
river and tidal pass plumes and aperiodic Loop Current intrusions. Surface
salinities may range from 19 °/o0o near Dauphin Island to 31 ©/oo approximately
20 km offshore. Corresponding bottom salinities are 30 and 35 ©/oo,
respectively. Very steep salinity gradients from O to 36 °/oo may occur on
the shelf, especially in winter. 1In late spring, low salinity waters extend
over much of the Trend area.

Turbidity in shelf waters is a function of riverine discharge, currents,
seiches, and internal waves. A nepheloid layer generally extends across the
entire shelf during the summer and winter and reflects highly stratified
conditions. Winter nepheloid 1layers can be seiche-derived, while summer
occurrences can result from internal waves.

Thermal features in the Tuscaloosa Trend area conform closely to mete-
orological conditions. Three distinctive thermal regions are present: the
cold shelf waters; the warmer deep Gulf surface waters; and the equatorial
waters of the Loop Current.

Circulation patterns in the Trend area involve the surface-mixed layer
and the subtropical underwater layer. The Loop Current is the dominant
circulation feature of the Gulf of Mexico. Although its influence is normally
focused on the West Florida Shelf, aperiodic intrusions of Loop Current waters
are experienced in the Trend study area. The DeSoto Canyon may act as a
conduit for these intrusions. When the Loop Curreant is present on the shelf,
it dominates circulation; even when it 1is further offshore it may be the
principal force behind a counterclockwise circulation pattern. Sustained
winds are the dominant driving force of circulation on the inner continental
shelf and coastal waters, while riverine discharge also influences circulation
in shallow waters of the Mississippi Sound and Mobile Bay. Density
stratification and shoreline variations in coastal geometry are significant
factors in circulation patterns on the shelf. A combination of strong onshore
winds and horizontal density gradients results in a transient two-layer flow
across the shelf (i.e., onshore flow at the surface and offshore flow at the
bottom). Bottom flow may be correlated with the Ekman spiral, resulting in a
direction of flow approximately 90° to the right of sustained wind direction.
Near-bottom current velocities offshore are not well documented but have been
estimated to average 20 cm*sec™! with a maximum sustained speed of 60
cm*sec”l., Bottom waters may flow shoreward toward the barrier islands due to
sustained northerly winds, but are generally deflected to the west by bottom
topography. The Chandeleur Islands deflect these waters southward. Sustained
southerly winds also cause shoreward flow of bottom waters, but this flow is
deflected to the east by bottom topography.

In Mobile Bay, a northerly current occurs during flood tide and a
southwesterly current during ebb tide at the mouth of the Bay. Tidal exchange
with Mississippi Sound comprises from 20 to 25% of the Bay volume flushed.
Winds and riverine discharge play the major roles in circulation patterms in
the Bay. Mississippi Sound circulation patterns include both a westward flow
from the passes to Lake Borgne and an eastward flow to Mobile Bay, during
flood tide. During ebb tide, this flow is reversed. The combination of
sustained winds and tidal currents can cause surface and bottom waters at the
passes to flow in opposite directions. Freshwater discharge generally has a
minimal impact on wind-and-tide-induced currents, although velocities increase
during high riverine discharge.



Although circulation patterns in Chandeleur and Breton Sounds are not
well defined, the hydrodynamic system 1is generated primarily by two tidal
inputs. Currents average from 10 to 15 cm*sec”! in the passes between the
Chandeleur Island components. Tidal ranges in the northern part of this area
are higher than in the south, causing flow to the south. Circulation is

strongly influenced by wind direction and velocity, as in the other shallow
estuaries of the Trend area.

CHEMICAL OCEANOGRAPHY

The outer continental shelf of the Tuscaloosa Trend study area is poorly
defined with respect to chemical oceanography. Most information om nutrients,
trace metals, and hydrocarbons has been developed in coastal or nearshore
waters. Most chemical wastes which are introduced directly into the Trend
area are assoclated with material dredged from major ship channels. Other
sources of chemicals in the study area are land-based industrial effluents and
air emissions as well as vessel-related discharges.

Dissolved oxygen production and consumption in surface and bottom waters
are dependent on seasonal variations in temperature, demsity stratificationm,
and primary production on the shelf. Levels are highest during the winter
months but decrease during the summer due to decomposition of waterborne and
sediment organics, stratification, and higher biological respiration. Low
oxygen conditions (hypoxia) which occur along the Louisiana shelf west of the
Mississippi River Delta have not been well documented in the Tuscaloosa Trend
areae.

Nutrient levels on the shelf are thought to follow seasonal patterns ob-—
served in coastal waters. Phosphates increase in concentration during the
summer and fall, while nitrite-nitrate levels are high throughout the summer,
due to minimal discharge of freshwater from the Pearl, Pascagoula, and Mobile
Rivers. The concentrations of these nutrients are higher in coastal waters
than on the shelf, apparently as a result of industrial/municipal discharges
from coastal population centers.

Sediment trace metals exhibit similar geographical patterns: concentra—
tions are highest in the viciaity of shore-based sources of effluents and
decrease with distance from shore. Trace metal levels are also correlated
with sediment texture: areas of silt and clay accumulation exhibit the high-
est accumulations of metals.

Smectite and kaolinite are the predominant clay minerals in the Trend
study area. The former is most prevaleant on the shelf, while kaolinite in-
creases in importance nearer the shore. Smectite (as montmorillonite) is the
major clay mineral in Mobile Bay but kaolinite dominates sediments at the
mouth of the Bay and in Mississippi Sound.

Sediment hydrocarbon distributions in the northeastern Gulf define two
distinct shelf environments--the West Florida Shelf and the Mississippi-
Alabama Shelf. The latter area, which includes the Tuscaloosa Trend study
area, receives terrigenous biogenic and anthropogenic hydrocarbons from the
Mississippl River discharge. Vegetative inputs are reflected in the abundance
of high molecular weight n-alkanes of pronounced odd/even ratio and by a rela-
tively high lipid content (up to 232 ppm). Some shelf areas are reported to



contain aliphatic hydrocarbons indicative of oil, which could have been intro-
duced by waterborne commerce, commercial fishing vessels, and oil production
and transport. Sediments in Mississippi Sound contain both terrigenous and
marine hydrocarbons nearer the shoreline but contain primarily marine hydro-
carbons at the passes, suggesting that organic pollutants which occur outside
the barrier islands are not derived from land-based sources (e.g., industries)
but rather, from activities on the shelf. Chronic petroleum contamination has
been reported in the Chandeleur and Breton Sounds; however, hydrocarbons
released by the Chevron Main Pass Block 41C Platform spill in 1970 were fully
weathered within approximately one year.

Suspended particle loads in the water column are highest near sources of
riverine discharge and are higher in bottom waters than near the surface. A
nepheloid layer occurs in the shelf waters of the Trend study area, with maxi-
mum suspended solids concentrations in the fall and winter. Major comstitu-
ents of these suspended solids are clays and particulate organics.

The waters off Mobile Bay are generally high in barium and vanadium,
apparently as a result of terrigenous sediment input from the Mobile River
system. Concentrations of heavy metals in the Trend shelf area show gseasonal
patterns related to resuspension and riverine discharge. Constituents of
suspended solids may become incorporated in zooplankton and neuston in shelf
waters. However, trace metal concentrations generally do not reflect signifi-
cant contamination from land-based sources.

Particulate organic carbon levels in shelf waters of the Trend area are
highest during the summer and decrease with increasing distance from shore.
Dissolved organic carbon concentrations are higher in the winter. Chlorophyll
a levels generally increase with depth in the Trend area, a pattern typical of
tropical and subtropical waters.

Water column hydrocarbons on the Mississippi-Alabama Shelf have been
reported to include levels of 0.12 to 1.31 ug°l™" for total dissolved hydro-
carbons and 0.06 to 3.61 ug'l’1 for particulate hydrocarbons. Concentrations
are highest in the winter and lowest in the fall and reflect no petroleum
contamination on the shelf. Natural sources of these hydrocarbons include
both terrigenous and marine biogenic processes. No high molecular weight
hydrocarbons have been reported south of Mobile Bay, while pesticide concen-
trations are extremely low or non—-detectable. Elevated levels which occur in
coastal waters are associated with sources such as major industrial complexes
and drainage from areas of heavy agricultural cultivation.

The concentrations of heavy metals in biota of the Tuscaloosa Trend shelf
area are generally low and reflect little contamination from anthropogenic
sources. Concentrations in biota of the sounds and bays are generally higher
but are also quite variable as a result of migratory behavior, sediment type,
trophic level, and other factors. Blue crabs contain higher levels of barium,
chromium, copper, iron, lead, nickel, strontium, and vanadium than oysters,
while oysters contain higher amounts of cadmium and zinc than blue crabs.
Levels in biota from the coastal waters are generally typical of estuaries
throughout the Gulf of Mexico.

There is little evidence of petroleum or petrogenic hydrocarbons in zoo-
plankton, macroepifauna, and fish of the shelf area. Oysters and blue crabs
in Mobile Bay, on the other hand, have been observed to contain some traces of



refined petroleum hydrocarbons, probably attributed to vessel traffic in fish—
ing areas such as oyster reefs.

ECOSYSTEM STRUCTURE AND FUNCTION

Coastal marshes which fringe the Tuscaloosa Trend area mainland contrib-
ute large amounts of organic material to waters of the sounds, bays, and open
Gulf. Approximately 269,000 acres of marshes occur within the Trend study
area, including 57,000 acres of saline marsh, 168,000 acres of brackish-
intermediate marsh, and 44,000 acres of fresh marsh. These marshes have pri-
mary production rates of up to 2,960 g dry wtem™2 per year. Marsh vegetation
decomposition rates range from 36% per year for Spartina patens to 86% per
year for Spartina alterniflora and provide an influx of organic matter into
coastal waters during January-March. Net export of organic particulates from
the coastal marshes is thought to be episodic. Primary consumers in coastal
marshes include insects, gastropods, crustaceans, birds, and mammals. Detri-
tivores include meiofauna, macrofauna, and epifauna.

Marsh sediments generate large amounts of methane through anaerobic de-
composition of marsh organics. Other decomposition products which are re-
leased by marshes include nitrates, nitrites, phosphorus, and carbon dioxide.
Perhaps 40% of total net primary production is exported to estuarine waters
through tidal exchange, stormwater runoff, and biological population migra-
tion.

Phytoplankton communities in coastal waters of the Trend study are poorlX
known. Primary production rates of 208 g cem~2 per year, or 462 g dry wtem

per year have been reported. Chlorophyll a concentrations in coastal Louisi-
ana average 17.4 to 19.2 ug'l‘l, with highest values near sources of municipal

wastewater discharged by metropolitan New Orleans.

Submersed grasses represent another source of primary production in Trend
area coastal waters, although production rates have not been determined.
Grassbeds are abundant in Mississippi Sound as well as in the vicinity of the
Chandeleur Islands.

Zooplankton of coastal waters provide a key link between phytoplankton
and higher trophic levels. They include meroplankton (forms which spend only
a portion of their life cycle in the zooplankton community) and holoplankton.
Seasonal variations in zooplankton abundance correspond to changes in both
water temperature and freshwater discharges. Abundance peaks occur in the
summer, following spring peaks in nutrient discharge from rivers. Zooplankton
biomass (standing crop) appears to be higher in the coastal waters (up to 0.30
ml'm‘3) than on the open shelf (0,10 ml'm-3). The calanoid copepod Acartia
tonsa is the dominant zooplankter in the coastal waters of the Tuscaloosa
Trend, while the ctenophore Mnemiopsis mccradyi is an important grazer on
zooplankton populations. Ichthyoplankton are an important component of the
zooplankton, especially during the summer and fall. An average of nearly 5
individuals*m™3 was reported in the summer in Biloxi and Back Bays, Missis-—
sippi; no fish larvae were found in the winter.

Nekton of the Trend area's coastal waters include a variety of fishes,
cephalopods, crustaceans, mammals, and turtles. The ichthyofauna have been
relatively well-gstudied because of their importance to fisheries. Many



exhibit seasonal migratory behavior and are dependent on the coastal marshes
and shallow water habitats for protection and feeding grounds. Major species
include croaker (Micropogonias undulatus), spot (Leiostomus xanthurus), men-
haden (Brevoortia patronus), mullet (Mugil cephalus), and others. Nektonic
cephalopods 1include in particular the squids Loligo pealei, Lolliguncula
brevis, and Doryteuthis plei.

Coastal waters support diverse and abundant benthic communities in the
Trend study area. The meiofauna have not been studied extensively, although
meiofaunal communities have been identified in lower Mobile Bay to the family-
level. Macroinfauna are dominated by polychaetes in terms of both number of
species and abundance. Community types are correlated primarily with sediment
texture and salinity. Several different types occur in the coastal waters,
including a shallow, coastal margin (mud) assemblage; lower Mobile Bay (mud)
assemblage; deep, open Sound (sandy mud to muddy sand) assemblage; tidal pass
(sand) assemblage; and shallow Sound (sand) assemblage.

Macroepifauna include species such as penaeid shrimps, as well as oys-
ters, crabs, and a great variety of other molluscs, crustaceans, and other
invertebrates. Three species of shrimps (Penaeus setiferus, P. aztecus, P.
duorarum) dominate the epifaunal community. They generally spawn in the open
Gulf, while postlarvae migrate into shallow coastal waters and fringing marsh-
es via tidal passes. Subadults and adults migrate offshore to spawn. The
blue crab Callinectes sapidus mates in higher salinity waters from March
through November. The female broods the eggs until they hatch, in nearshore
waters. Zoea normally do not occur in coastal waters but the megalops, or
pre-juvenile stage, is common in the shallow bays and sounds. Oyster (Crass-—
ostrea virginica) larvae are planktonic and dispersed by tides and currents.
They settle on a variety of hard substrates throughout the coastal waters of
the Trend study area. Oyster reefs are most extensive in areas exposed to
brackish waters. They are vulnerable to predation by the drill Thais
haemastoma when salinities exceed 15 ©/oo.

The coastal waters of the Tuscaloosa Trend area communicate with the open
Gulf through tidal passes between the barrier islands. Many biota use these
passes as migratory routes, while others are generally restricted to either
coastal or open Gulf waters. Phytoplankton in the Trend study area have not
been investigated but may include species which have been reported to occur
west of the Mississippi River Delta (e.g., Thalassionema nitzochioides,
Nitzschia seriata, Skeletonema costatus, and others.

Zooplankton in shelf waters of the Trend area exhibit standing crops of
0.3 to 1.0 ml*m~3 and are dominated especially by Temora stylifera, T.
turbinata, and chaetognaths. Diversity has been reported to remain relatively
constant with distance from land.

Ichthyoplankton are only poorly described in the outer continental shelf
portion of the study area, although a recent and on-going investigation of
these important biota has been initiated by the National Marine Fisheries
Service. Ichthyoplankton biomass appears to average 0.17 mlem~3 over the
shelf.

Fish communities on the shelf are dominated by five species, including
croaker (Micropogon undulatus), longspine porgy (Stenotomus caprinus), butter-
fish (Peprilus burti), spot (Leiostomus xanthurus), and seatrout (Cynoscion
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arenarius). Species which enter the adjacent estuaries at some time during
their life cycle include warm weather spawners such as sea catfish (Arius
felis) and seatrout (Cynoscion arenarius). These species are generally most
abundant on the shelf in the winter. Cold weather spawners include menhaden
(Brevoortia patronus), spot (Leiostomus xanthurus), mullet (Mugil cephalus),
and several others. While menhaden are most abundant on the sheIi in the
winter, the other fish species common in OCS water are most abundant there in
the summer or fall. Synthesis of nektonic community analyses identified
several taxa groups associated with habitats defined on the basis of salinity,
depth, and sediment characteristics (e.g., shallow, low salinity waters
overlying muddy sediments; nearshore high salinity waters overlying sandy
sediments; offshore high salinity waters overlying sandy sediments; high
salinity waters overlying muddy sediments; etc.).

More typically marine fishes which occur in the Trend study area include
several species of sharks, snappers (Lutjanus spp.), groupers (Epinephelus
spp.), and others. Species assemblages are defined as inner shelf or outer
shelf.

Meiofaunal assemblages in the Trend shelf area are dominated by free-
1iving nematodes, followed by harpacticoid copepods and polychaetes. Individ-
ual abundance generally decreases with depth or distance from land.

Open shelf benthic communities show a disjunct distribution at the DeSoto
Canyon, due to sedimentary and circulation differences between the eastern
Gulf shelf and the western Gulf shelf (which includes the Trend region).
Macroinfaunal communities in the Trend study area may be categorized as occur-
ring in the surf zone, 2 to 12 m along the open coast, 2 to 12 m along the
Mississippi River Delta, 12 to 40 m, 40 to 60 m, and 60 to 100 m. Smaller-
scale variations in sediment texture and salinity may result in delineation of
sub-communities within these broad categories. Macroinfaunal abundance varies
with season and distance from land: a winter peak occurs in the deeper shelf,
while a summer peak occurs in shallower waters. The number of species and
species diversity generally decrease with increasing depth across the shelf.
Polychaetes and crustaceans dominate the benthic communities with respect to
species and individual abundance.

Epifaunal communities are rather well-described in the Trend shelf area.
Five assemblages occur in the OCS portion of the study area, including the
pro-delta fan assemblage, pro-delta sound assemblage, intermediate shelf
assemblage, outer shelf assemblage, and upper slope assemblage. Except for
the pro-delta fan assemblage, community distributions correspond closely to
zones of water depth.

Endangered and threatened species of the shelf area are generally the
same as in the coastal waters, except that brown pelicans and alligators are
not present. Remaining species include manatee, six species of sea turtles,
and four species of whales.

The open shelf ecosystem may be considered to have two principal food
chains: a plankton-based food chain in which energy fixed by phytoplankton is
transferred to zooplankton and thence to higher trophic levels; and a benthic
food chain in which energy fixed in organic detritus 1is transferred to detri-
tivores, to benthic consumers, and thence to consumers in the water column.
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SOCIOECONOMICS

The socioeconomic resources of the Tuscaloosa Trend study area include
waterborne commerce, travel and tourism, sport and commercial fisheries, and
oil and gas. The Trend area provides navigational access to international and
domestic commerce. The Gulf Intracoastal Waterway extends 212.8 km from New
Orleans to Mobile Bay. 1In 1981, it was traversed by nearly 28,000 vessels,
primarily barges, carrying 15.7 million metric tons of commerce. Major com-
modities transported are coal, crude oil, and grain. Opening of the
Tennessee-Tombigbee Waterway in 1985 will extend waterborne commerce from
Mobile to the Tennessee and Ohio River systems.

Deep draft vessels use the offshore fairway network to reach deep chan-
nels which lead to several harbors in the Trend coastal area (New Orleans,
Mobile, Gulfport, and Pascagoula). New Orleans is the second-largest harbor
in the United States and handled over 171 million metric tons of commerce in
1981.

Coastal travel, tourism, and recreation represent a significant economic
resource. Nearly 12% of all travelers inm Alabama in 1983, or 7.5 million
people, cited visiting the beach areas as the reason for travelling in the
state. Mississippl coastal cities experience year-round tourism and reported
nearly $52 million in lodging income in 1983. Louisiana tourism trade is
dominated by New Orleans, which accounted for $1.9 billion, or 57%Z of the
state's total tourism receipts, in 1982.

Recreational fisheries in the Gulf of Mexico as a whole involved an esti-
mated 3.2 million residents in 1979, and gross retail sales of $1.32 billion
in 1980. This represents one-third of such sales nationwide and is the high-
est of any region in the United States. Approximately 204,000 persons partic-
ipated in marine recreational fishing in Alabama in 1979 and caught nearly 3.9
million fish. Similar estimates exist for Mississippi for 1979 (155,000 per-
sons, 3.2 million fish). In Louisiana, over 530,000 persons caught 22.4 mil-
lion fish in 1979. In Alabama, kingfish and croaker were the most abundant
fish caught; croaker and sand seatrout were most frequently caught in Missis-
sippl; and croaker and sea catfish were most often caught in Louisiana.

Commercial fishery harvests in the Trend study area in 1983 generated
nearly $42.6 million in Alabama, including $25.9 million from shelf waters.
Corresponding yields for Mississippl are $48.4 million and $14.8 million,
respectively. Louisiana's commercial fishery value ws $225.2 million, of
which $71.5 million was produced in outer continental shelf waters. Shrimp
comprise the largest component of each of two of these state fisheries values
(94% in Alabama and 59% in Louisiana), and 45% of Mississippi's landings.
(Finfish accounted for 46% of Mississippi landings by value in 1983.) Other
major components of commercial fisheries in the Trend area are blue crab and
oysters. Louisiana's oyster harvest is second only to that of Maryland, and
was valued at $14.6 million in 1983.

Mineral resources in the Trend study include oyster and clam shells,
which have been used for cement, chemicals, and road foundation. Dredging in
Lake Pontchartrain produced clam shells valued at over $60 million annually.
Dredging for buried oyster reefs in Alabama ceased in 1981.
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0il and gas production in the Gulf of Mexico accounts for nearly all of
the United States outer continental shelf production. 1In the Tuscaloosa Trend
area, production occurs only adjacent to Louisiana. No production has yet
occurred off Alabama or Mississippi. Approximately 90% of the undiscovered
but recoverable gas expected to occur in the Eastern Planning Area is thought
to lie in the Tuscaloosa Trend study area. Alabama state waters could con-
tain recoverable hydrocarbons worth from $7 to $21 billion in royalties, while

Mississippi's hydrocarbons could be worth from $200 million to over $1 billion
in royalties.

Other mineral resources, which have not been developed, include sand,
gravel, heavy minerals, and geothermal energy.

Cultural resources of the Trend area include both prehistoric and his-
toric sites. Prehistoric sites have been postulated to occur offshore where
former shorelines were submerged by a rise in sea level but none have been
located. Numerous terrestrial prehistoric sites have been identified through-
out the Trend study area. Historic period sites (post 1519) also occur
throughout the area, including many sites which are located in the coastal
regions of Louisiana, Mississippi, and Alabama. These sites represent explo-
ration and settlement by the Spanish, French, and Germans.

RECOMMENDATIONS FOR FUTURE RESEARCH

Information gaps have been identified for each of the principal compon-—
ents of the Tuscaloosa Trend study area. Some are related to basic environ=-
mental or socioeconomic characterization of the region, while others pertain
to the processes which define the dynamics of the ecosystem. The purpose of
this section 13 to describe the most important information needs for this

area. These are presented according to major topics in the order they appear
above in the summary.

Geologz

Although several geological studies have been performed in the coastal
and outer continental shelf (0CS) portions of the Trend area, significant data

gaps are apparent, especially for the open shelf. The following investiga—-
tions are recommended:

1. The Minerals Management Service's Marine Geologic Atlas Series
should be extended to include the remaining areas within the Tuscaloosa Trend;

2. Efforts should be made to better define the hydrodynamic mechanisms
which influence sediment transport both nearshore and in deep water;

3. Areas where there are potentially hazardous foundations for petro-
leum exploration and production structures and pipelines need to be well docu-
mented. Geologic features should include: (a) gas at shallow depth; (b)
buried stream channels; (¢) active faults; (d) surficial and shallow deforma-
tion including slumping and creep; and (e) diapirs and faulting;

4. Detailed study of the Chandeleur Sound, Breton Sound, and the adja-
cent continental shelf should be conducted, and should include sediment dis-
tribution mapping, bathymetric surveys, and subbottom profiles.
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Physical Oceanography

Many aspects of the physical oceanography of the Trend study area remain
poorly-defined. The study of this component of the Trend ecosystem is essen-
tial to our understanding of how biological systems and physico-geochemical
processeg are interrelated and how they may be affected by future activities
in this area. Future research should address the following considerations:

l. Circulation patterns and driving forces in the DeSoto Canyon should
be investigated in order to determine the movement of sediments and chemicals
acrogss the Trend shelf and up~ and downslope;

2. Existing current, temperature, and salinity data should be further
analyzed in order to assist in description of shelf processes and to aid in
designing and directing future process-oriented investigations.

3. The occurrence and extent of the nepheloid layer on the shelf should
be evaluated in support of fate and effects studies of hydrocarbon and heavy
metal pollutants introduced from coastal, riverine, and shelf sources;

4. Additional studies of currents and circulation patterns across the
shelf should be performed, including meteorology, hydrography, horizontal
currents, sea state, bottom pressure, and freshwater discharge;

5« Development of a physical oceanographic model for the Trend area
should guide future studies and predict pollutant dispersion.

Chemical Oéeanqgraphz

Chemical characteristics of the waters and sediments of the Trend study
area are poorly-defined. In particular, sources and fates of possible contam-
inants on the shelf cannot be described from existing information. The fol-
lowing are recommended studies to fill these data gaps:

l. Nutrient flows and distributions from the tidal passes across the
shelf should be characterized in order to complement studies of biological
productivity and communities;

2. Phenomena with significance to the distribution and abundance of
biota on the shelf--i.e., hypoxia and the nepheloid layer--should be inves—-
tigated through field sampling;

3. Processes of transport and dispersion of terrigenous pollutants
should be examined in order to distinguish between effects of coastal and
upstream activities vs. those which occur on the open shelf;

4, Fates of pollutants associated with shelf activities—--including
petroleum exploration/production, dredged material disposal, and waterborne
commerce--should be studied;

5« Processes of bioaccumulation and biomagnification of chemicals intro-

duced to the Trend shelf should be defined, in order to provide a means to
assess the long-term ecological effects of pollutant influxes.
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Ecosystem Structure and Function

In general, the coastal portion of the Trend study area has been well-
studied with respect to benthos, demersal fish and invertebrates, and nekton.
Studies of phytoplankton, zooplankton, biological production, and trophic
dynamics are lacking or inadequate. Ecological resources are insufficiently
known to define processes and interrelationships between open shelf and near-
shore ecosystems. The following recommendations for future investigation
reflect the paucity of information for the shelf:

1. Movements of biota through the tidal passes should be described to
determine energy flux between coastal and OCS waters;

2. Shelf benthic communities should be defined, with emphasis on habi-
tats (sediment types) not previously described, near major points of riverine
discharge, and near-slope environments (including the DeSoto Canyon);

3. Plankton communities should be described for the shelf with emphasis
on primary and secondary production, and correlated with physical and chemical

processes to assess relationships between shelf/coastal waters/riverine dis-
charge and 0CS biotic potential;

4. PFurther analysis of trophic relationships among the biotic components
of the shelf ecosystem should be conducted, with emphasis on energy transfer
within and between pelagic and benthic components;

5. Processes of bioaccumulation and biomagnification of chemicals intro-
duced to the Trend shelf should be defined, in order to provide a means to
assess the long-term ecological effects of pollutant influxes.

Socioceconomics

The socioeconomic characteristics of the Tuscaloosa Trend area are gen—-
erally well described. However, some aspects of the area should be examined
further for specific types of information, as summarized below:

1. Patterns of navigation and vessel casualties should be examined
throughout the Trend study area, in order to assess the potential for increas-
ing likelihood of accidents due to petroleum production;

2. A model should be formulated for projecting the impacts of major oil
spills on travel, tourism, and recreation in the Trend area, based on effects
of the Ixtoc splill off Texas;

3. Studies of recreational fishing activities should be standardized
among the three states which border the Tuscaloosa Trend area;

4, Additional studies of the extent of the clam shell resource of coast-
al Louisiana could be performed, assuming that exploitation of this resource
is allowed to continue.

Se Areas of possible submerged prehistoric habitation should be examined
through sediment coring and bathymetric profiling to determine whether such
sites would be impacted by offshore petroleum exploration/production.
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1.0 INTRODUCTION

1.1 OBJECTIVES

Recent advances in oil drilling technology have lead to increased oil and
gas exploration in U.S. coastal waters. Much of this exploration has been
concentrated in the northern Gulf of Mexico. 1In 1981, the Outer Continental
Shelf produced 6% of our nation's oil and 24% of its natural gas, of which 947
and 99%, respectively, were produced from Gulf of Mexico fields. It is esti-
mated that 6.6 billion barrels of oil and 71.9 trillion cubic feet of natural
gas remain undiscovered in the Gulf of Mexico (USGS, 1982).

One area of historical and current interest to oil and gas exploration in
the Gulf of Mexico is located off Louisiana, Mississippi, and Alabama (Figure
lel). This area, known as the Tuscaloosa Trend, extends from southern Louisi-
ana into the offshore waters of the Chandeleur Islands, eastward to the DeSoto
Canyon, and promises to be highly productive in terms of recoverable oil and
natural gas reserves. (The "Tuscaloosa Trend” is an area of active explora-
tion for gas and oil in deeply buried Upper Cretaceous Tuscaloosa Group sedi-
ments. It is characterized by an expanded wedge of clastic sediments that
strikes northwest-southeast across Louisiana and extends beyond the Chandeleur
Islands.) The waters adjacent to the Chandeleur Islands and within Breton
Sound and Mississippli Sound also support a significant recreational and com—
mercial fishery. A portion of this area lies within the Breton National Wild-

life Refuge and the Gulf Islands National Seashore of the National Park Ser-
vice.

Information describing the physical environment, biological habitats and
communities, and naturally occurring regional hazards is needed to make man-
agement decisions regarding advisability of leasing in a particular area.
Similarly, information 18 needed to define the terms of the lease stipulation
or other mitigating measures to assure their effectiveness. This information
will be used by the Minerals Management Service (MMS) for development of the
Programmatic Environmental Impact Statements upon which the S~year 0CS 0il and
Gas Leasing Schedule is based, for development of regional environmental pro-
files and OCS environmental impact statements (EIS's) and other NEPA docu-
ments, and for planning other studies conducted by MMS. The information will
also be used by numerous other persons in private industry, academic insti-
tutes, and other federal or state government agencies for many purposes.

The Tuscaloosa Trend study is planned as a multiyear effort. As has
historically been the case with study elements of the MMS's Studies Program,
marine ecosystem studies in general and the Tuscaloosa Trend study in particu-—
lar begin with a characterization of the "Present Level of Knowledge,”
addressing the following areas:

l. What information is presently available concerning the marine ecosys-
tem in this region to meet MMS information needs?

2. What are the precise locations of previous study efforts and the
results of those studies?

3. What is our present understanding of the processes which most sig-
nificantly influence the nature of the ecosystem in the region?
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(4) What are the outstanding information gaps which should be addressed
through additional studies?

The "Summary of Knowledge™ phase involves the identification, review, and
synthesis of all existing information contained in published and unpublished
research and ongoing proposed programs. The Summary of Knowledge phase has
provided the basis for subsequent activities in the MMS Environmental Studies
Program. This first year effort consists of a comprehensive survey of avail-
able data and literature to describe ecological processes on the Tuscaloosa
Trend OCS study area and adjacent hydrologic units, including physical, geo-
logical, chemical, biological, and socioeconomic data, through development of
a conceptual ecosystem model. Additional information and data needs are also
addressed.

1.2 APPROACH

(1) Identification and selective collection of published and unpublished
information;

(2) Review and annotation of the published and unpublished information;

(3) Development of a separate computer manual and a computer program
that accesses, cross—indexes, and stores the data base; and

(4) Interpretation and synthesis of information in a technical report
with separate visuals (maps) and an executive summary.

vittor & Associates organized a team of researchers to identify and col-
lect the available data, to review and annotate the pertinent published and
unpublished information, and to prepare this synthesis report. Quantus, Inc.
was enlisted to perform the computer searches, enter the literature and data
set citations, and develop the retrieval system for accessing the data base.
Science Applications International was enlisted to develop a conceptual model
of the Tuscaloosa Trend ecosystem.

l.2.1 LITERATURE

Relevant published 1literature was initially identified through
searches of computerized bibliographic data bases. Table 1.1 lists the bibli-
ographies searched during this study, together with a brief discussion of
their contents. Approximately 1000 citations potentially relevant to the
study area were uncovered through these searches. Computerized searches were
supplemented by visits to libraries of universities and funding agencies lo-
cated along the eastern Gulf of Mexico (Table 1.2). These vigits were espe-
cially useful in identifying dissertations, theses, and technical reports
pertinent to the study area.

Literature identified in the computerized searches and library vis-
its was reviewed and a citation form was completed for those documents con-
taining information relevant to the study area. In addition to the standard
citation information such as author, title, year of publication and publisher,
various geographical and subject descriptors were assigned to each citation.
A controlled vocabulary list was used in selecting the descriptors to reduce
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Table 1.1.

Computerized bibliographic data bases.

Database

Biosis Previews

Coastal Information
Depository, Louisiana
State Unlversity

DOE Energy

Life Sclenées
Col lection

National Technlcal
Information Service

Oceanic Abstracts

Temporal
Coverage
1969 - 1983
1974 - 1983
1978 - 1983
1964 - 1983
1964 - 1983

Description

Comprehensive worl|dwide coverage of
biological |iterature. Includes over
9000 primary journals as well as
reviews, symposia, selected government
and institutional reports, research
communications and other secondary
sources.

Index of the | iterature holdings of
researchers at the Center for Wetiand
Resources, Louisiana State Universlity.

Comprehensive coverage of all aspects
of energy and related topics.

Worldwide coverage of applied ecology.

Coverage of government funded research,
development and engineering reports
that are publically avallable from
approximately 250 federal agencies.

Worldwide coverage of oceanography,
marine biology, marine pollution,
ships and shipping, geology and
geophysics, meteorology, and legal
and governmental aspects of marine
resources.

19



Table 1.2 List of libraries of universities and funding agencies visited

for information searches on the Tuscaloosa Trend study area.

LOUISTANA

Louisiana State University
Center for Wetland Resources Library
Baton Rouge, LA

Louisiana State University
Louisiana Sea Grant
Baton Rouge, LA

Louisiana State University
Coastal Studies Institute
Baton Rouge, LA

Louisiana State University
LSU Library
Baton Rouge, LA

Tulane University
Main Library
New Orleans, LA

University of New Orleans
Reference Library
New Orleans, LA

Southeastern Louisiana University
Main Library
Hammond, LA

MISSISSIPPI

Gulf Coast Research Library
Gunter Library
Ocean Springs, MS

University of Southern Mississippi
USM Library
Hattiesburg, MS

Mississippi~Alabama Sea Grant Consortium
Publications Office
Ocean Springs, MS

National Marine Fisheries Service
Publications Office and Reference Library
Pascagoula, MS

ALABAMA

University of South Alabama
USA Library
Mobile, AL

Marine Environmental Sciences Consortium

Dauphin Island Sea Lab
Dauphin Island, AL
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synonymies and redundancye. Abstracts were prepared for selected documents
especially pertinent to the study area.

1.2.2 DATA SETS

Data sets relevant to the study area were identified through a com-
bination of computerized searches, library visits and personal contacts with
researchers in the study area. Table 1.3 lists the computerized data indexes
accessed and Table 1.4 lists the personal contacts made during the study.

Results of the searches and contacts were reviewed and a data docu-
mentation form was compiled for each data set relevant to the study area.
This form included such information as title and abstract of the study which
generated the data, the spatial and temporal extent of the data set, the
parameters measured, and the availability, source, and format of the data.
These forms have been submitted to the National Environmental Data Referral
Service for inclusion in their data base.

1.2.3 INFORMATION DATA BASE

All of the literature and data citations compiled during the study
were computerized and entered into an information data base. This data base
permits a user to retrieve citations on the basis of geographical and subject
descriptors, author names, and title words. Retrievals from the data base can

be displayed in a variety of formats and arranged in author, title, or de-
scriptor order.

1.2.4 VISUALS

Five visuals (maps) were developed from the synthesized published
and unpublished information to graphically display: 1) faunal habitats and
assemblages; 2) fishery and recreational resources; 3) vegetation and ocean-
ographic features; 4) areas of critical concern, including spawning, nursery
and feeding areas, and migration routes of commercially important fish spe-
cies; and 5) oil and gas infrastructure.

1.2.5 COMPUTER PROGRAM

A computer software package was prepared to catalog all of the anno-
tated published and unpublished information sources and to manipulate the
references for recall on the basis of key words, author(s), geographic areas,
and sources. This package will allow the contents of the data files to be
updated in the future.

A user's manual includes a key word thesaurus to assist users in the
construction of the most useful query statements.
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Table 1.3. Computerized data indices.

Temporal
Database Coverage
Coastal Information
Depository, Loulsliana
State University
Natlonal Environmental 1974 - 1983
Data Referral Service
National Marine 1980 - 1982
Pol lution Information
System
SSIE Current Research 1978 - 1982

Description

index of the data holdings of researchers
at the Center for Wetland Resources,
Louisiana State University.

Comprehensive index of climatological,
meteorological, geological, geophysical,
oceanographic, geographic, hydrologic,
and | imnological data.

Catalog of federally funded marine
pol lution research programs.

Index of governmental and privately
funded sclentific research programs.
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Table 1.4 Sources contacted for available published and unpublished informa-
tion pertaining to the Tuscaloosa Trend regional data search and
synthesis study.

SOURCES CONTACTS
FEDERAL AGENCY

Gulf Coast Fisheries Commission P. Thompson
Ocean Springs, MS

Gulf States Marine Fisheries Commission L. Simpson
Ocean Springs, MS N. Bane
Minerals Management Service D. Foote

Corpus Christi, TX

Minerals Management Service R. Rogers L. Handley

Gulf of Mexico OCS Office V. Reggio C. Hil1

Metairie, LA M. Stright K. Adams
M. Bartz M. Brown

Minerals Management Service M. Davis

Reston, VA

NASA/Earth Resources Laboratory H. Sveklak

National Sciences Technology Lab D. Brannon

Bay St. Louis, MS

National Marine Fisheries Service D. Tidwell
Southeast Fisheries Center P. Pristas
Miami, FL

National Marine Fisheries Service T. Dolley
New Orleans, LA

National Marine Fisheries Service E. Nakamura
Southeast Fisheries Center B. Fable

Panama City, FL

National Marine Fisheries Service H. Hague W. Stunts
Southeast Fisheries Center B. Rohr T. Henwood
Pascagoula, S A. Kemmerer F. Diaz
National Marine Fisheries Service R. Schmied

Southeast Fisheries Center I. Bird

St. Petersburg, FL
National Marine Fisheries Service D. Hoss

Southeast Fisheries Center
Beaufort, NC

23



Table 1.4 (Continued)

SOURCES

National Oceanographic and Atmospheric
Administration (NOAA)

National Climatic Data Center

Ashville, NC :

Naval Ocean Research and Development
Activity (NORDA)

U.S. Army Corps of Engineers
Mobile District
Mobile, AL

U.S. Army Corps of Engineers
New Orleans District
New Orleans, LA

U.S. Army Corps of Engineers
Waterways Experiment Station (WES)
Vicksburg, MS

U.S. Environmental Protection Agency
Gulf Breeze Laboratory
Gulf Breeze, FL

U.S. Environmental Protection Agency
Region IV
Atlanta, GA

U.S. Environmental Protection Agency
Washington, D.C.

U.S. Fish & Wildlife Service
National Coastal Ecosystems Team
Slidell, LA

U.S. Fish & Wildlife Service
Daphne, AL

U.S. Fish & Wildlife Service
Boguechitto, LA

U.S. Geological Survey
Bay St. Louis, MS

U.S. Geological Survey
Corpus Christi, TX

U.S. Geological Survey
Woods Hole, MA
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C.
J.
W.

CONTACTS

Cinquemani

Morris
McCall
Gilhouser
Gibbons
Burdin
Barrineau
Ryan
Montz
Robertson
Saucier
Lunz
Kendall
Couch
Duke
Rubenstein

Rogers

Hitch

Cordes
Johnston
Kitchens

Carroll

Joyner

Wallace

Kindinger

Ball

D. Young
B. Green
T. Holcombe

S. Rees

D. Nester
P. Bradley

D. Clarke



Table 1.4 (Continued)

SOURCES CONTACTS
STATE AGENCY

LOUISIANA

Board of Commissioners G. Austin

Port of New Orleans,
New Orleans, LA

Louisiana Dept. of Culture, Recreation, E. Navarre
and Tourism K. Byrd

Baton Rouge, LA C. Montgomery

Louisiana Dept. of Highways E. Letalle

Baton Rouge, LA

Louisiana Dept. of Natural Resources B. Benson-Rodenbaugh
Baton Rouge, LA R. Hannah
T. Hewey
Louisiana Dept. of Wildlife & Fisheries C. Boudreaux J, Smith
Seafood Division B. Ancelet S. Barthel
Baton Rouge, LA R. Dugas B. Barrett
Louisiana Geological Survey T. Moslow
Louisiana State University S. Penland
Baton Rouge, LA
New Orleans Planning Commission A, Laska
New Orleans, LA
MISSISSIPPI
Jackson County Port Authority ‘ C. Moore
Gulfport, MS
Mississippi Bureau of Marine Resources J. Franks
Long Beach, MS
Mississippi Bureau of Marine Resources T. Quinne
Ocean Springs, MS S. Gordon
Mississippi Bureau of Pollution Control R. Sherrard
Jackson, MS
Mississippi Dept. of Archives and History K. P'Poo
Jackson, MS S. McGahey
ALABAMA
Alabama Bureau of Tourism L. Williams

Montgomery, AL
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Table 1.4 (Continued)

SOURCES

Alabama Dept. of Conservation and
Natural Resources
Dauphin Island, AL

Alabama Geological Survey
Tuscaloosa, AL

Alabama 0il and Gas Board
Tuscaloosa, AL

Alabama State Docks Dept.
Mobile, AL

South Alabama Regional Planning Commission
Mobile, AL

UNIVERSITIES AND INSTITUTIONS
LOUISTANA

Louisiana State University
Center for Wetland Resources
Baton Rouge, LA

Louisiana State University
Coastal Studies Institute
Baton Rouge, LA

Louisiana Universities Marine Consortium
(LUMCON)
Chauvin, LA

McNeese State University
Lake Charles, LA

Nichols State University
Thibodeaux, LA

Southeastern Louisiana University
Hammond, LA

Tulane University
New Orleans, LA

University of New Orleans
New Orleans, LA

University of Southwestern Louisiana
Lafayette, LA
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P.
S.

B.

T.
E.

V.
R.
I.

CONTACTS

van Hoose
Lazauski
Swingle
Tatum
0'Neil
Mettee

Mink
Adger
Browning

Gudac

Sikora
Shaw

Mendelssohn

Wiseman

Boesch
Rabalais

Brooks

Green

Childers

Davis
Smalley
Batuck

Dahl
Stoessel
Simmons

Felder
Reese
Hoese

S. Heath

B. Thompson

J. Laseter

D. Overton
M. Poirrier



Table 1.4 (Continued)

SOURCES CONTACTS

MISSISSIPPI

Gulf Coast Research Laboratory J. LaRoche E. Otvos

Ocean Springs, MS W. Waller T. McBee
T. Lytle J. Lytle
R. Heard H. House
T. McIlwain R. Overstreet
B. Woodmansee

Mississippi~Alabama Sea Grant Consortium J. Jones

Ocean Springs, MS

Mississippi State University D. Wolfe

Starkville, MS

University of Mississippi J. Woolsey

Mississippi Minerals Resources

Oxford, MS

University of Southern Mississippi S. Ross

Hattiesburg, MS R. Wales

ALABAMA

Marine Environmental Sciences Consortium T. Hopkins J. Stout

Dauphin Island Sea Lab G. Crozier J. Dindo

Dauphin Island, AL W. Schroeder

University of Alabama at Birmingham S. Brande

Birmingham, AL K. Marion

University of Alabama at Tuscaloosa D. Raney E. Futato

Tuscaloosa, AL B. Benson

University of South Alabama R. Shipp W. Isphording

Mobile, AL G. Lamb R. Stowe
R. Fuller D. Blancher

OTHER UNIVERSITIES

Texas A&M University J. Mazzullo

College Station, TX R. Darnell

University of South Florida L. Doyle

Bayboro Campus

St. Petersburg, FL

University of West Florida S. Collard

Pensacola, FL S. Bortone
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Table 1.4 (Continued)

SOURCES CONTACTS
OTHER SOURCES

Coastal Environments, Inc. D. Kelly
Baton Rouge, LA

Continental Shelf Associates, Inc. D. Gettleson
Tequesta, FL J. Thompson
Exxon Company H. Johnson

Southeastern Division
New Orleans, LA

Florida Governor's Office D. Tucker
Tallahassee, FL

Louisiana Land and Exploration Co. W. Oberdeen
Saraland, AL

Mobil 0il Exploration and Producing J. Martin
Southeast, Inc.
New Orleans, LA

Shell Offshore, Inc. R. Zygmunt
Division of Safety and Environmental Affairs V. Harris
New Orleans, LA

Sport Fishing Institute H. Gatewood
Washington, D.C.
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1.2.6 SYNTHESIS REPORT

All identified and collected information and annotations were re-
viewed and evaluated for summary preparation of the following topic areas:

Chapter Subject

0 Conceptual Ecosystem Model
0 Physiography and Geology

0 Physical Oceanography

0 Chemical Oceanography

0 Ecological Resources

0 Socioeconomics

This technical report constitutes the compilation of those written subject
chapter summaries. Each chapter cites and reviews where appropriate, the
major studies concerning the topic area; identifies and evaluates important
data gaps; and is followed by a literature citation section. A separate Exec—
utive Summary is presented which summarizes the results of this study and
incorporates recommendations in response to information needs.

1.3 OVERVIEW OF THE TUSCALOOSA TREND REGION STUDY AREA

The Tuscaloosa Trend Region Study Area is located in the north central
Gulf of Mexico adjacent to the states of Louisiana, Mississippi, and Alabama
(Figure 1.1). The study boundaries include the Mississippi Delta on the west,
the DeSoto Canyon on the east, and offshore to a depth of 200 m. This coastal
region includes the Chandeleur Islands, Chandeleur Sound, Breton Sound, Miss-
issippi Sound, Mobile Bay, the barrier islands along the coasts of Mississippi
and Alabama, and the coastal marshes fringing the three states. The area is
dominated by the presence of the Mississippi River, which empties freshwater
into the Gulf and serves as a transition zone between oceanic and freshwater
environments.

Many abiotic and biotic components contribute to this complex ecosystem.
These components are described briefly below as they pertain to the study
area.

1.3.1 ABIOTIC COMPONENTS

Physiography

Much of the study area is a broad, flat, alluvial plain, usually
less than 1.6 m above mean sea level (MSL). Barrier islands along the Gulf
coast are low, with average elevations of 1 to 1.3 m MSL; however, elevations
of 8 m occur in the dune systems of some islands (e.g., Dauphin Island,
Alabama).

The various bays and sounds range up to 4 to 6 m deep. The Breton,
Chandeleur, and Mississippi Sounds are dissected by numerous ship channels and
their associated dredged disposal area. Seaward of the barrier islands, the
seafloor falls off at a moderate rate.
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Meteorology

The subtropical humid climate of the Tuscaloosa Trend region can be
attributed directly to the moderating influence of the Gulf of Mexico. The
annual average temperature of the area is 20°C (68°F) with summer highs over
32°C (90°F) and winter lows near -~7°C (20°F). Cold temperatures occur from
mid-November to mid-March when Arctic air masses move into the Gulf coastal
region.

Prevailing wind direction is determined by the water-land tempera-
ture differential. In late fall-early winter, Gulf waters are warmer than the
land mass, so northerly winds dominate. In the summer, when the land heats up
rapidly, winds switch and come out of the south, creating the characteristic
humid seabreeze. The mean wind speed is about 8 mph and is characteristically
higher in the winter and lower in the summer months.

The rainy season occurs from December through March, when steady
rains for 2-4 days are not uncommon. Precipitation in summer months occurs as
sporadic thunderstorms.

The Trend area occasionally experiences hurricanes with winds in
excess of 120 mph and l4-inch rainfalls within 24 hours. On the average, a
storm of this magnitude occurs once every 100 years. Smaller tropical storms
with winds of 75 mph and 8- to 20-inch rains in 24 hours occur on the average
of once every five years.

Circulation

The major offshore oceanic current component of this area 1is the
Loop Current, which originates off the east coast of Yucatanm and travels north
across the Gulf to the Mississippi River Delta where it splits, forming a
counter—-clockwise circulation and westerly movement of waters west of the
Delta, and and easterly movement of waters east of the Delta. Occasionally,
eddies from this current bring high salinity oceanic waters onto the continen-
tal shelf.

The current patterns behind the barrier island system are dependent
on a number of parameters such as freshwater output from the Mississippi and
Mobile River systems, wind direction and speed, bathymetry, and shoreline
configuration. Prevailing southerly and easterly winds result in a net west-
erly longshore current (1-3 knots) on the seaward side of the barrier islands
and cause significant erosion on eastern portions of the islands and accretion
on the western tips.

Tides are diurnal (one low and one high each day) in the northern
Gulf, with a maximum tidal amplitude of 0.8 m. Normal tidal fluctuations
along the coastal regions are between 0.3 and 0.6 m.

Sediments

The Gulf of Mexico continental shelf is a subsided portion of the

Atlantic Plain and extends from Florida to the easternmost point of the
Yucatan Peninsula. Shelf sediment distribution is dependent upon prevailing
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current patterns and sediment—bearing river systems which drain the continent.
The relatively heterogeneous surficial sediments offshore eastern Mississippi,
Alabama, and the western Florida peninsula cover the eastern edge of the Gulf
Coast Geosyncline. Coarse and medium sands (MAFLA sand sheet) on the shelf
east of Mobile Bay grade westward into fine and very fime sand which in turn
give way to silts and clays of the Mississippi pro-delta. The same trend also
continues from north to south across the continental shelf. Fine sediments
also lie at the head of the DeSoto Canyon. Sediment dispersion on the inmer
shelf is affected by the Mississippi, Pearl, Pascagoula, and Mobile rivers,
while transport on the open shelf is primarily due to the prevailing westerly
currents.

Estuarine sediments are heterogeneous mixtures of sands, silts, and
clays. Mississippi Sound and Mobile Bay are characterized as having mostly
silt and clay sediments with patchy areas of fine to medium sand near shoals
and inter-island passes. Sediments in the Chandeleur Island area are composed
of medium sands as a result of reworking of the old St. Bernard Delta of the
Mississippi River by wave action.

1.3.2 BIOTIC COMPONENTS

Flora

The shoreline of the study area is dominated by tidal marshes and
submergent grassbeds which form an interface between marine and terrestrial
habitats, while seagrass beds occupy a transition zone between emergent vege-
tation and unvegetated coastal bottoms. These habitats can occupy narrow
bands or wide expanses and can consist of sharply delineated zones of differ-
ent species or stands of single species.

The coastal marshes of the Gulf of Mexico comprise some 5.7 million
acres with 58% located in Louisiana alone. Approximately 269,000 acres occur
in the Trend region. Dominant marsh species in these coastal marshes include
Spartina patens, Spartina alterniflora, Salicornia sp. and Juncus roemerianus.
Mississippl and Alabama coastal marshes are dominated by J. roemerianus and S.
alterniflora. -

Marshes provide organic nutrients to coastal waters through decay,
and provide substrate for bacteria and protozoa. The vegetation is converted
into detritus which becomes the major component of the marine food bulk.
Marsh grasses also provide shelter to wildlife, and their roots help bind
sediments and reduce erosion of the coastline.

Nekton and Demersal Fauna

Nearly all commercially important species of fishes from the Gulf of
Mexico are estuarine-dependent. Most leave the estuaries as juveniles and
spawn at sea after becoming reproductively mature. The majority of eggs hatch
at sea; the larvae become part of the offshore planktonic community, and with
the influence of tides, currents, and winds, the larvae enter the estuarine
nursery grounds. The estuaries provide shelter from predators and food for
growth of juveniles prior to migration back to the Gulf to repeat the spawning
process.
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Shellfish, including oysters, crabs, and shrimps, are also generally
estuarine~dependent. Oyster reefs occur in brackish waters protected by bar-
rier islands or embayments. Juvenile blue crabs and penaeid shrimps enter the
estuaries through the tidal passes and mature in the shallow waters and marsh-
es of the sounds and bays.

Benthos

The continental shelf benthic habitats can be described primarily on
the basis of sediment texture and depth. The North Central Gulf of Mexicc may
be divided into 3 zones: 1Inner Shlef (0-20 m); Intermediate Shelf (20-60 m);
and Quter Shelf (60-120 m). The Inner Shelf habitat contains mostly fine sand
sediments in the east grading to mud sediments toward the Mississippi Delta.
The Intermediate Shelf consists of medium to fine sands east of the Missis-
sippli River with some sparse patches of muddy sand sediment. The Oyster Shelf
has been sparsely sampled. Its eastern region is characterized by fine sands
and foraminiferan deposits, which grade into muddy sands and muds near the
western region. Characteristic species assemblages are associated with the
different sediment types at different depths. For example, shallow muddy sand
and silt habitats are dominated by deposit-feeding polychaetes and other op-
portunistic macroinfauna. Fine sand substrates are populated by a more di-
verse benthos, including amphipods, bivalves, and polychaetes.

1.3.3 SOCIOECONOMIC COMPONENTS

Industrial Developments

The Tuscaloosa Trend region varies substantially in socioeconomic
patterns, ranging from low density areas to highly developed urban centers.
The highest levels of employment are in the areas of manufacturing, wholesale/
retail trade and services. Unemployment in the Louisiana-Mississippi-Alabama
tri-state region was well above the national average in 1970 and 1980 but was
lower for the coastal area than for the states at large during that same
period.

Mineral Resources

The most important exploitation of mineral resources in the central
Gulf tri-state region is oil and gas. The production of oil and gas may be
considered a primary industry while processing of oil and gas (refineries,
petrochemical, supply bases, construction) may be considered secondary. In-
creased development of tertiary industries can be expected as a result of the
economic activity of the primary and secondary industries. By far, the ma-
jority of the oil and gas industry activity is concentrated along the Texas-
Louisiana coastal regions.

Fishery Resources

The Gulf of Mexico is the single most important area for fisheries
food production in the United States while the Gulf shrimping industry repre-
sents the single most valuable type in the United States. In 1977, shrimp
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production reached almost 270 million pounds worth over $296 million dockside.
Louisiana ranked first in the nation in both commercial fisheries landed and
value in 1979 with 1.5 billion pounds landed worth $198.5 million. In addi-
tion to shrimp, Gulf landings of blue crab averaged about 40 million pounds
annually worth about $5-6 million. Oysters are the main mollusc harvested in
Gulf estuaries and produce 14~15 million pounds per year with dockside values
estimated at $10-13 million. Perhaps one-third of these fishery resources may
be attributed to the Tuscaloosa Trend region.

2.0 CONCEPTUAL ECOSYSTEM MODELING

2.1 INTRODUCTION

This chapter discusses the ecosystem modeling effort conducted as part of
the Tuscaloosa Trend Regional Data Search and Synthesis Study. An ecosystem
1s a real entity, consisting of at least two interacting components (e.g.,
organisms and their environment) and exchanging material and energy with adja-
cent entities. An ecological model is an abstraction that expresses our un—
derstanding of the ecosystem. Depending on the stage of development, ecosys-
tem models can be conceptual or numerical., The Tuscaloosa Trend modeling
effort is conceptual in scope.

Section 2.2 presents the objectives of the modeling effort and Section
2.3 discusses the approach employed in the study to develop a conceptual
representation of the Tuscaloosa Trend regional ecosystem. This is followed
in Section 2.4 by an introduction to conceptual ecosystem modeling. Once this
context 1is established, representations of processes on the Tuscaloosa Trend
are presented at several levels of detail in Section 2.5. Section 2.6 then
summarizes the major ecosystem relationships on the Trend OCS in the context
of the model.

2.2 OBJECTIVES OF THE TUSCALOOSA TREND CONCEPTUAL ECOSYSTEM MODELING

The objectives of the conceptual modeling effort are fourfold:

(1) Develop a simplified conceptual representation of the Tuscaloosa
Trend ecosystem that stresses those ecosystem components and pro—

cesses most important to the goals of the Tuscaloosa Trend ecosystem
study;

(2) Provide the conceptual framework for (a) information gathering,
organization and synthesis, and (b) prioritization of research and
monitoring efforts 1in subsequent years of the program;

(3) Enhance communication and coordination of activities among research-
ers working on various aspects of the Trend ecosystem study; and

(4) Provide the coatext for intelligent planning and management of ma-
rine resources on the Trend 0CS.
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2.3 APPROACH TO TUSCALOOSA TREND CONCEPTUAL MODEL DEVELOPMENT

The approach to development of the Tuscaloosa Trend conceptual ecosystem
model first involved reviewing and evaluating existing marine ecosystem con-
ceptualizations in an attempt to identify one that could be adapted to the
needs of this study. This approach was consistent with the available re-
sources and with the basic rule of not "reinventing the wheel.” It is predi-
cated on the assumption that temperate continental shelf ecosystems in various
geographic regions share certain basic functional similarities.

These review activities identified the conceptualization of the New York
Bight ecosystem by McLaughlin et al. (1975) as being clearly the one most
applicable to the goals of this study. This model, developed for the NOAA
Marine Ecosystem Analysis (MESA) Program Office, represents an ecosystem ap—
proach to marine pollution problems. It can provide the framework for infor-
mation gathering and synthesis, identification of data gaps, management of
scientific multidisciplinary research programs, and multidisciplinary resource
management (McLaughlin and Elder, 1976). Adapting this conceptualization to
MMS needs is consistent with the goals of the National Marine Pollution Pro-
gram Plan (COPRDM 1981) which mandates that federally funded marine pollution
research activities be coordinated across agencies and disciplines.

Consistent with the MESA approach, the conceptualization of the Tusca-
loosa Trend study area is hierarchical, consisting of three levels; Level 1 -
a comprehensive ecosystem representation; Level 2 - major processes (e.g.,
sedimentary, biogeochemical and ecological); and Level 3 - specific ecological
applications (e.g., nekton life histories, marsh-estuarine interactions, pe-
lagic and benthic food webs). Each level is discussed in Section 2.5, where
they are depicted in wire diagrams. The Tuscaloosa Trend ecosystem is depict-
ed as a single unit in these models, implying that the conceptualization is
functionally representative of any portion of the system. Although the Trend
region includes a variety of habitats (e.g., coastal marshes, estuaries, oce-
anic waters), the functional relationships within and between these gystems
are relatively constant among the geographic areas considered.

2.4 OVERVIEW OF CONCEPTUAL ECOSYSTEM MODELING

2.4.1 INTRODUCTION

Figure 2.1 (modified from UNESCO, 1983) shows the steps in concep-
tual ecosystem model development. Any ecological modeling effort begins with
an identification of the ecosystem of interest and a clear and unambiguous
definition of goals and objectives of the study. These objectives, along with
the observable behavior of the ecosystem, will determine the form (i.e.,
structural and functional representations) in the model. Once the objectives
are defined, the development of the conceptual model itself can be initiated.
Subsequent steps in conceptual ecosystem model development include: (1) defi-
nition of conceptual, spatial and temporal boundaries and scales; (2) identi-
fication of physically and ecologically homogeneous subsystems (discretiza-~
tion); (3) identification of inputs, outputs and external controlling factors;
(4) selection of state variables (i.e., compartments); and (5) delineation of
processes within the system and regulators controlling these flows.
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Figure 2.1l. The process of conceptual ecosystem model development (modified
from UNESCO, 1983).
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The initial conceptual representation generally includes more detail
than can be incorporated into a workable numerical model, and is usually rve-
duced to a workable level before being developed into numerical form. Numeri-
cal model development begins with a representation of the inputs, outputs and
processes by specific numerical functions (usually differential equations).

2.4.2 STRUCTURAL FORM OF THE MODEL

Two major lines of marine ecosystem modeling together demonstrate
the relationships of structural form to study objectives. Considerable effort
has been expended in the last quarter century in modeling the eutrophication
process. Eutrophication~-type models stress the interactions of primary pro-
ducers (phytoplankton populations and/or communities) to iaputs of nutrients.
In most cases, trophic levels above herbivores (consumers of phytoplankton)
are not modeled explicity, but are treated as external sinks. At the other
extreme, multispecies fisheries models, which are based on the pioneering work
of Andersen and Ursin (1977) in Denmark, concentrate their attention at the
top of the marine food chain (i.e., at fish populations). The DYNUMES model
developed by the NMFS' NWAFC (Laevastu and Larkins, 1981) is of this type.
These multispecies models are directed primarily at commercial fish popula-
tions and communities and their relationship to the physical environment, and
do not include those state variables or compartments (i.e., phytoplankton)
that are most important to the eutrophication-type models. The DYNUMES model
does not include a primary producer compartment and treats the zooplankton as
an input term (outside the model and controlled).

2.4.3 SPATIAL AND TEMPORAL SCALES

One of the major concerns in ecosystem model development is recon—
ciling the spatial and temporal sales required to address adequately the pro-
cesses of importance in the ecosystem. Figure 2.2 (from NAS,1980) demon—
strates scale differences for three trophic groups, phytoplankton, herbivorous
zooplankton and pelagic fish (feeding on the zooplankton). Generations of
phytoplankton populations are measured on time and space scales on the order
of several days and kilometers, while spatial and temporal scales for zoo-
plankton fish population dynamics are, respectively, one and two orders of
magnitude greater in both dimensions. The basic question is one of how to
balance these contrasting scales so that the important questions can best be
framed in a modeling context, while still retaining enough detail to represent
adequately the functional dynamics of all compartments of interest.

2.4.4 DEFINING MODEL BOUNDARIES AND SUBSYSTEMS (DISCRETIZATION)

One of the first tasks in ecological modeling is defining the spa-
tial boundaries of the ecosystem, so the relationships of the ecosystem of
interst and adjacent interrelated ecosystems can be identified. This implies
that the ecosystem is an open system, which exchanges energy and materials
across the boundaries with adjacent ecological systems. These relationships
are shown schematically in Figure 2.3. A continental shelf ecosystem such as
the Tuscaloosa Trend OCS exchanges materials and energy with the atmosphere,
with adjacent estuaries and terrestrial/fresh water ecosystems, with adjacent
upcoast and downcoast continental shelf ecosystems, and with the deep ocean
located further offshore (at the shelf/slope break or, in this case, at the
200 m depth contour). The boundaries separating the shelf ecosystem in ques-
tion from adjacent shelf ecosystems is probably the least meaningful from an
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ecological perspective; such boundaries often do not represent natural discon-
tinuities and are often imposed to accommodate the geographic domain of some
particular human use or activity where ecological impacts are being assessed.

Once the boundaries of the ecosystem have been defined, inputs and
outputs can be calculated. Assuming no gradient in physical processes across
the surface of the boundary, a flux of energy or biochemicals can be calcu-
lated as:

flux = current speed X boundary surface area X concentration

Input-output relationships provide the context within which ecosys-
tem processes can be studied. Simple mass balance models can be comstructed
to identify those geochemicals that are accumulating in or being exported from
the Trend ecosystem. Mass balance models can be used to identify the most
important fluxes as well as to calculate an unknown flux when all others are
known.

Discretization, the subdividing of the ecosystem into ecologically
homogeneous units, is important not only in identifying ecological subsystems
but also in guiding and optimizing the design of subsequent research and moni-
toring programs in the study area. The general rule is to discretize where
interactions are weakest (e.g., at the shelf-slope break). That is, the eco-
system should be discretized where natural, ecologically meaningful, and well-
defined discontinuities in ecosystem structure and functioning exist.

In some ecosystems, clear-cut boundaries do not separate well-
defined subsystems. In these cases, discretization generally involves subdi-
viding the ecosystem along major habitat gradients. For example, the Insti-
tute for Marine Environmental Research (U.K.) developed a General Ecosystem
Model For Bristol Channel and Severn Estuary (GEMBASE) that subdivides the
subject estuary into segments along a salinity gradient (Radford and Joint,
1980). While some modeling efforts have discretized the subject ecosystem on
more of a biological community basis (e.g., Sweden's Asko Laboratory's "Energy
Flow Through the Baltic Ecosystem,” Jansson (1972), the emphasis in discreti~
zation is usually on physical processes (currents, pycnoclines, and hydrogra-
phy) and bottom features (bathymetry, and sediment composition), for several
reasons. First, data for physical characteristics are more readily available
than for biological parameters. Second, if the physical characteristics are
selected intelligently, those which are important in determining ecological
structure and functioning (e.g., primary production and community distribu-
tions) will be included. Under these conditions, the subsystems defined on
the basis of physical characteristics can be expected to represent habitats.

Perhaps the simplest example of discretization involves subdividing
the ecosystem into an upper photic zone and a lower aphotic zome. In this
case, a physical factor (distribution of solar radiation with depth) defines
ecologically meaningful subsystems. Another similar criterion by which the
water column can be discretized is the interface of two physically different
water masses (the pycnocline or the shelf-slope front).

1f physical processes are well-enough known and the boundaries of
the system are well-enough defined, hydrodynamic models can be developed to
reproduce observed hydrographic and current patterns and predict patterns
under new sets of conditions. This will not only facilitate identification of
subsystems within the ecosystem, but will also permit input-output
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relationships with adjacent and linked systems (i.e., across boundary condi-
tions) to be defined. In order words, hydrodynamic models can be used to
generate the larger (i.e., eastern Gulf of Mexico) regional context of which
the Tuscaloosa Trend ecosystem is a part. This is precisely what was done in
the Belgian National Program on the Environment-Sea Project in the North Sea
Project (Nihoul, 1976).

Discretization is a prerequisite to development of spatial ecosystem
models. Spatial models, in turn, must include transport processes linking the
subsystems (through input-output relationships). Therefore, the more the
system is discretized, the greater the need for a hydrodynamic model to link
subsystems together.

2.4.5 DEFINING MODEL COMPLEXITY

In conceptual ecosystem modeling, complexity is usually expressed in
terms of the number of compartments or state variables to be included in the
model. The compartments or state variables are the actual entities in the
model and include such things as biota (producers, consumers, decomposers) and
abiotic features (water column, sediments). Flows in the model define how
compartments are relatd to each other and to entities outside the ecosystem.
Figure 2.4 (from Odum, 1972) shows how complexity can increase with increasing
numbers of compartments. In this example, three levels of disaggregation or
compartmentalization are identified. At each level, everything occurring at
the next higher level is "blackboxed” (i.e., only addressed through its input-
output relationships). Thus, at the most general level, the ecosystem is
treated as a single compartment with three inputs and three outputs. The
dynamics within the ecosystem are not explicitly addressed at this level, but
are implied through the input-output relationships, (i.e., the ecosystem is
viewed as a processor, converting inputs to outputs). Increasing the number
of compartments from one to three increases the number of inputs and outputs
for each compartment to four and includes five additional flows linking the
three compartments (Figure 2.4). At this level, the dynamics within the three
compartments are not addressed. The final level includes ten compartments,
eight inputs, four outputs and about twenty intercompartmental flows (Figure
2.4).

The several levels of complexity shown in Figure 2.4 should not be
interpreted as fixed entities, but instead as stages along a continuum. De-
tail (complexity) can be built into any part of the model to suit the specific
needs of the research program by disaggregating any compartment to the level
required. Each level represented in Figure 2.4 would be useful at certain
stages of model development and for certain purposes. Thus, early in a model-
ing program, the first level can be used to quantify basic input-output rela-
tionships to determine if, for example, toxic substances are accumulating
within the ecosystem. This would tell nothing about where these toxicants are
accumulating (i.e., spatially and in which compartments), but would identify
those which bear further investigation.

2.4.,6 ECOSYSTEM MODEL COMPONENTS AND THEIR REPRESENTATION

Defining the Components

Conceptual ecosystem models are composed of four components, as
indicated in Table 2.l. The inputs and outputs define relationships of the
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Table 2.1. Components of conceptual ecosystem models.

CONCEPTUAL ECOLOGICAL MODELS

COMPONENTS

e [NPUTS AND OUTPUTS

e COMPARTMENTS
— Biotic
— Abiotic

e PROCESSES
— Physical
— Chemical
— Geological
— Ecological

e REGULATORS
— Salinity
— Temperature
— Advection
— Turbulence
— Others
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subject ecosystem to adjacent interrelated ecosystems. The compartments or
state variables are the functional entities in the model. These compartments
are either biotic (living) or abiotic (non-living), and their number contribu-
tes to defining the complexity of the conceptual model. They include producers
(phytoplankton), consumers (e.g., zooplankton, benthos, and nekton), decom-
posers (e.g., bacteria), particulate detritus, and organic and inorganic mate-
rial dissolved in the water column. The functional relationships among these
entities are represented by the flows connecting them, and these flows are
controlled by environmental regulators.

Conceptual Model Representation

Ecosystem components must be represented in an unambiguous and con-
sistent language so the conceptual representation is simplified and intelli-
gible. Several such languages have been developed, but the one that has been
used most consistently in marine ecosystem modeling is that of H.T. Odum
(0dum, 1972). Odum's flow language is based on some elementary concepts of
energy and mass flow, and provides a way to represent the basic structural and
functional components of ecosystems so they can be simply and concisely re-
lated in a modeling context.

The symbols of Odum's language are shown in Figure 2.5, and are used
to provide a simple representation of an ecological system in Figure 2.6.
Sources of energy and materials (from outside the ecosystem) are represented
by circles (o). The biotic compartments are usually defined on the basis of
how they "feed” since such trophic relationships define many of the most im=-
portant interactions among biological components. The most fundamental com-—
partmentalization of the biota involves separating producers (plants ( that
can generate organic matter from sunlight through photosynthesis) from ‘consum—
ers (animals and bacteria ({J}) which ultimately depend on organic matter pro-
duced by plants). Passive Vstorage compartments, such as the dissolved and
particulate material in the water column and seafloor sediments are represent-—
ed by storage tanks (©). Any type of energy or mass flow path is represented
by an arrow (——), defining the direction of flow. These arrows represent
physical, chemical, geological, and ecological processes in the model. These
flows are often controlled or regulated by physical and biological factors.
These regulators are represented by unidirectional and bidirectional "hollow
arrows"” ( and , respectively). Often more than one regulator controls a
flow, and one process can regulate another type of process. Primary among
these regulators, especially for those compartments with no innate mobility,
are advection and turbulence. One of the main utilities of physical processes
in ecological modeling is to the regulators of biogeochemical processes. The
other symbol of importance in representing model components is the “ground”
(‘?) coming off the bottom of compartments and regulators. This symbol repre-
sents the energy loss associated with work being accomplished.

A complementary way to represent an ecosystem conceptualization is
through a connectivity or adjacency matrix, which, in tabular form, identifies
the same four components of the ecosystem as does the wire diagram. An exam-
ple of a connectivity matrix is shown in Section 2.5.2.

2.4.7 SIMPLIFIED REPRESENTATION OF A TYPICAL CONTINENTAL SHELF ECOSYSTEM

Odum's symbols have been used in Figure 2.7 to provide a simplified
conceptual representation of processes operating in a typical continental
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shelf ecosystem. Physical oceanographic processes (on the left), which mainly
involve energy flows and water movements, are segregated from biogeochemical
processes (on the right), but both categories are ultimately dependent on the
sun for the energy to fuel this process. Physical processes influence chemi-
cal cycling, sediment transport and ecological structure and functioning in
this conceptualization by generating regulators of these processes. Among the
most important regulators are advection, turbulence, temperature, and density.

One aspect of particular note in Figure 2.7 is the lack of feedback
from the biogeochemical subsystem to the physical subsystem, indicating that,
on a large scale, physical processes are unaffected by the biogeochemical
subsystem. In the real world, there are situations where feedbacks to the
physical subsystem are obvious. For example, storm~induced disruption of the
shelf floor can subsequently alter flow patterns, as can geological processes
measured in thousands of years. However, under "normal” conditions and over
the short-term, the assumption of independence appears to be reasonable.
Accepting this assumption has cousiderable implications for ecological model-
ing, foremost of which is the freedom afforded to the researcher to model
hydrodynamic processes independently of biogeochemical processes. This inde-
pendence accommodates some of the most difficult problems regarding temporal
and spatial sale resolution of physical and biogeochemical processes, and
permits the researcher to select as input to the ecological model, outputs
from hydrodynamic simulations (i.e., current and density fields) at time in-
tervals most compatible with ecological functioning.

Solar radiation directly regulates physical and biogeochemical pro-
cesses by heating of surface waters and, indirectly, by generating wind and
barometric fields in the atmosphere (Figure 2.7). These energy sources com-—
bine to produce fluid energy which generates the advection and turbulence
responsible for the transport of matter and energy in the ecosystem. The
fluid energy generated by local winds (and other conditions) is superimposed
on the energy that flows across the boundaries of the ecosystem due to large-
scale air-ocean interactions. These and other regulators are shown control-
ling the biogeochemical processes in Figure 2.7,

The depiction of biogeochemical processes in Figure 2.7 involves a
functionally integrated biological community consisting of primary producers
(plants), consumers (animals), and decomposers (bacteria) and the geochemical
environment (i.e., the abiotic materials in dissolved and particulate phases
in the water column and sediments) with which the biological community inter-
acts. In addition to inputs of energy, biogeochemical processes are strongly
influenced by inputs and outputs of materials in the system. These input-
output relationships are, to a large degree, regulated by advective and turbu-
lent motion of the water medium.

Trophic relationships can be separated into anabolic and catabolic
processes, depending on whether they involve the formation or degradation of
organic materials, respectively. The formation of organic matter (reduction
of carbon) in the ecosystem occurs mainly through the process of photosynthe-
sis, while breakdown (oxidation) of organic matter is termed respiration. The
energy released in respiration fuels biotic activity.

Solar radiation is utilized by the primary producers (e.g., phyto-

plankton) in the process of photosynthesis to comvert inorganic carbon to
plant biomass (Figure 2.7). In addition to sunlight and a source of inorganic
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carbon (the latter seldom if ever becoming a limiting factor in the sea),
plants require nutrients dissolved in the water column to fuel the chloro-
phyll/enzyme systems responsible for photosynthesis. Dissolved nutrients are
directly exchanged with the environment by the phytoplankton. Nitrogen ap-
pears to be the nutrient most often limiting to photosynthesis in the oceauns,
but phosphorous can be limiting under some conditions, and silica is required
by coastal groups such as diatoms. A considerable fraction of the photosyn-—
thetically~fixed carbon may be excreted or secreted by the phytoplankton
directly into the water column. Dissolved organic material as well as nutri-
ents are taken up from the water column by bacteria in decomposition process-
ese.

Consumers (herbivores) graze on phytoplankton biomass, converting
some to animal tissue and the remainder (through excretion and egestion) to
dissolved and particulate organic detritus. Other consumners (e.g., carnivores
and omnivores) prey on the herbivores as well as each other, leading to food
chains and food webs. All organisms not consumed eventually die, becoming
part of the organic detritus pool.

At this stage microorganisms (e.g., free-living and particle-associ-
ated bacteria) begin their decomposition activities in earnest. Decomposition
processes sustain the decomposer population, while at the same time, convert-
ing dissolved and particulate detritus to inorganic material and a refractory
organic residue that is broken down very slowly, if at all. These populations
of decomposers are then eaten by a number of different detrital consumers,
forming the basis of a detrital food web. Some of the inorganic materials
released in decomposition processes are once again absorbed by primary pro-
ducers, and the cycle continues.

This representation (Figure 2.7) is highly simplified, and does not,
for example, differentiate between the pelagic and benthic subsystems which
can have entirely different energy and material dynamicse. Distinctions of
this type are rendered in the discussions of the more detailed representations
that follow.

2.5 THE TUSCALOOSA TREND CONCEPTUAL MODEL

2.5.1 DEFINING ECOSYSTEM BOUNDARIES

The block diagram representation of a continental shelf ecosystem in
Figure 2.3 1is transformed into a pictorial depiction of the boundaries of the
Tuscaloosa Trend ecosystem in Figure 2.8. For the purposes of this modeling
exercise, the Tuscaloosa Trend ecosystem is defined as the entire continental
shelf outward to 200 m depth. The ecosystem is bounded on the north and west
by the potentially sensitive areas of the Chandeleur Islands and Chandeleur
Sound, Breton Sound, Mississippl Sound, and Mobile Bay. The western and east-
ern boundaries dissect the continental shelf in the vicinity of the birdfoot
delta and the head of DeSoto Canyon, respectively, while the deep ocean bound-
ary runs along the 200 m isobath. Although the 200 m isobath encompasses the
uppermost part of the continental slope, the boundary is close enough to the
shelf break for the purposes of this modeling effort. The boundary with
inland waters is very diffuse and poorly defined, especially in the western
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portion of the study area. Transport across the surface of this estuarine
boundary could hardly be expected to be the same in different parts of the
study area.

8+.5.2 THE LEVEL 1 COMPREHENSIVE MODEL OF THE TUSCALOOSA TREND ECOSYSTEM

Introduction

Figure 2.9 is the Level 1 comprehensive conceptual representatiom of
physical and biogeochemical processes in the Tuscaloosa Trend ecosystem. As
in the simple conceptualization presented above (Figure 2.8), the left side of
Figure 2.9 shows important physical oceanographic processes, while the right
side portrays important biogeochemical processes. Table 2.2 is a connectivity
matrix showing these same components of the comprehensive conceptual represen-—
tation of the Tuscaloosa Trend ecosystem.

Physical Processes

In an ecosystem context, physical processes are important because
they generate the regulators of biogeochemical processes. Among these are
advection (mean transport) and diffusion (random component) of the water mass,
which provide the primary means by which biogeochemicals are transported and
dispersed in the ecosystem. Water temperature, which also results from physi-
cal phenomena, regulates the rates of many biological and geochemical process-
es. Temperature also influences advection and turbulence through its effect
(along with salinity) on density and stratification of the water column.

Physical processes on the Tuscaloosa Trend are highly dependent on
energy exchanged across the atmospheric, estuarine and oceanic boundaries.
Kinetic energy, or energy of motion, flows across the estuarine and oceanic
boundaries of the Trend associated with tidal forces, offshore storms (e.g.,
hurricanes), large-scale Gulf circulation patterns (e.g., the intrusion of the
Loop Current onto the shelf), and riverine inputs. The latter are especially
important in the study regilon, where physical oceanography is strongly influ-
enced by discharge from the Mississippi River. Proximity to the Mississippi
River outfall is perhaps the major factor that distinguishes the Tuscaloosa
Trend ecosystem from a "typical™ continental shelf ecosystem. These energy
iaputs are driven by coupled atmospheric-oceanographic processes that operate
on hemispheric to global scales. In addition to these regional sources, local
winds (which are also ultimately dependent on solar radiation) pass over the
Trend ecosystem, transferring kinetic energy across the air-water interface to
the upper layer of the water column. Potential energy is also introduced to
the Trend ecosystem by way of local barometric and gravitationmal (i.e., hy-
draulic) pressure fields. The combined effect of local and regional processes
determines advection and turbulence in the Trend ecosystem. Advection and
turbulence in turn regulate inputs/outputs of the ecosystem, as well as dis-
tribution of materials and energy within it.

On the continental shelf, ocean boundary conditions, along with
cross—-shelf density gradients generate the long-term shelf circulation pat-
terns that determine advective transport. The more transient shelf curreants
driven by time-varying local wind fields are superposed on this long-term mean
circulation. In the open ocean, semipermanent features such as rings, eddies,
upwelling, and intrusion of loop current water also contribute to advection.
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Table 2.2. A connectivity matrix showing the components of the comprehensive conceptual representation of the
Tuscaloosa Trend ecosystem.
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Diffusion is defined as redistribution by turbulent mixing, and in
the Tuscaloosa Trend ecosystem, is probably dominated by tidal~induced mixing.
Mixing processes at the shelf-slope break may also contribute significantly to
turbulence near the offshore boundary, especially when well-defined fronts are
present. Mixing also occurs in the upper layer of the water column by differ-
ential heating and wind stress, and throughout the water column by the break-
ing motion of internal waves.

Advective and turbulent flows generated by inputs of kinetic and
potential energy are responsible for the tramsport of large quantities of heat
energy across the estuarine and oceanic boundaries of the Tuscaloosa Trend
ecosystem. However, boundary conditions at the sea surface are also very
important to the heat balance of the oceans. Short wave solar radiation pass-
es through the air-water interface of the Trend ecosystem and into the water
column, where much is converted to heat energy. A two-way exchange of long-
wave radiation also occurs across this surface.

Heat energy influences the temperature of the water column, which in
turn influences the density of the water mass. Density, which is also a func-
tion of salinity, is a very important regulator of flow patterns in the Trend
ecosystem. Heating of surface waters by solar radiation can result in a well-
mixed surface layer of warmer water separated from a cooler bottom layer by a
pycnocline or density gradient.

Salinity 1is transported across estuarine, oceanic, and (to a neg-
ligible degree) atmospheric boundaries, and 1is influenced by regional trans-
port processes, riverine discharge, precipitation and evaporation. Along with
temperature, salinity determines water deamsity, which in turn regulates advec-
tion and turbulent transport of materials and energye.

Within the Trend ecosystem, there is a continuous conversion of
kinetic to potential to kinetic energy through the “energy exchange loop”
shown in Figure 2.9. Kinetic energy is shown moving water masses into,
around, and out of the Trend ecosystem through advection and turbulence. That
energy not so utilized contributes to wave motion, s expressed in the energy
exchange loop (Figure 2.9). The energy exchange loop is regulated by the
distribution of density in the water mass and by bottom shear forces. Heat
losses due to friction (the ground symbols in Figure 2.9) do not contribute
significantly to the overall energy balance of the water mass of the Trend
ecosystem.

Biogeochemical Processes

The right side of Figure 2.9 1is a comprehensive representation of
biological, chemical, and geological processes on the Tuscaloosa Trend ecosys-
tem. The regulators of the various processes are provided by the physial
oceanographic processes on the left of Figure 2.9,

Figure 2.9 depicts the pelagic habitat (upper water column) sepa-
rately from the benthic habitat (lower water column and substrate), thereby
discretizing the ecosystem into two subsystems or habitats. Whether or not
two functionally distinct subsystems actually exist depends to a large degree
on physical processes (e.g., presence of a pycnocline). On the nearshore
shelf, where intensive mixing occurs during much of the year results in a
relatively homogeneous water mass, discretization of the water column into

53



upper and lower layers may not be appropriate. During periods of intensive
mixing, pelagic and benthic functioning may be closely coupled.

Both subsystems in Figure 2.9 include an integrated biological com-
munity and the dissolved and particulate loads of various materials in the
medium (i.e., water column or sediments). The benthic subsystem is shown
receiving inputs of materials from oceanic boundary inflows only, while the
pelagic subsystem also receives inputs from the atmosphere (wet and dry depo-
sition), from dumping and discharging of wastes, from land runoff, and from
estuaries. Both the pelagic and benthic communities utilize and contribute to
the dissolved and particulate loads of the water column and substrate, both
directly and indirectly. These exchanges involve organic carbon, oxygen,
inorganic nutrients (nitrogen, phosphorous, silica), toxicants (trace metals,
hydrocarbons, pesticides) and other trace organics.

The pelagic and benthic subsystems exchange materials by several
means, including a deposition/erosion-resuspension sedimentation loop, gravi-
tational settling of organic detritus generated by death and egestion of com-
ponents of the pelagic community, and active and passive transport of living
material associated with reproduction and maturation of members of the pelagic
and benthic communities (Figure 2.9). The sedimentation loop is regulated by
advection and turbulence, as well as the grain size of the material in ques-
tion. It contributes strongly to the load of particulate material in the
water column, and is enhanced by storm-induced erosion of marsh deposits and
shoreface sands from the shallow bottoms along the edges of the study area.

While the benthic and pelagic communities are included as distinct
state variables in this general ecosystem conceptualization (Figure 2.9), they
are not further disaggregated therein. Even so, the basic differences in the
functional relationships of thef pelagic and benthic communities is evident in
Figure 2.9. Note that the benthic community includes no primary producer
component, attributable to a lack of light near the bottom of the ocean. At
the shallowest depths on the Trend OCS this representation may not be entirely
appropriate. Results from the BLM South Texas Outer Continental Shelf (STOCS)
study (Flint and Rabalais, 1981) indicated the presence of peak chlorophyll
concentrations in a nearbottom nepheloid layer, indicating high rates of pri-
mary production near the bottom on the south Texas coast. These high rates of
production may have been sustained by regeneration and release of ammonia from
the sediments under anaerobic conditions. Otherwise, given the general lack
of firm substrate for attachment of benthic plants and the considerable tur-
bidity of the water column in much of the east central Gulf, the conceptuali-
zation is probably representative of the vast majority of the water surface
area in the Trend ecosystem. Freshwater and estuarine influences are expected
to be greatest in the muddy-bottomed western region of the Trend area, while
increased water clarity to the east would increase the depth of light pene-
tration and the importane of primary production in deeper waters.

Components of these biological communities are outputs of the eco-
system through harvesting by man, as well as by estuarine, coastal, and oce-
anic migrations and outflows. Dissolved and particulate organic materials in
the water column are also lost to the Trend system by ocean and estuarine
boundary outflows. Organic material may also be converted to refractory forms
in the sediments and/or buried where sedimentation rates are high. Materials
which can assume a volatile (gaseous) state (e.g., dissolved oxygen, carbon
dioxide and some hydrocarbons) may be exchanged across the air-sea interface.
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Wind and wave action can generate sea spray, some of which can be transported
out of the Trend ecosystem as small atmospheric particles (aerosols). This
provides a mode of egress of nonvolatile materials across the air-sea inter-
face, from the Trend ecosystem, although the mass transport is not large com—
pared to other estuarine, coastal, and oceanic outflows.

2.5.3 LEVEL 2 REPRESENTATIONS OF BIOGEOCHEMICAL PROCESSES

Introduction

In the following subsections, the biogeochemical processes in Figure
2.9 are shown in greater detail as separate sedimentation, chemical and eco-
logical representations. If one were to attempt to depict the several impor-
tant chemical cycles in one representation, the result would necessarily be
complicated and not easily intelligible. This in itself would defeat the main
purpose of these conceptual representations. Therefore, three chemical repre-
sentations are presented. The first of these describes the cycling of both
carbon and oxygen because of their obvious links through primary production,
respiration and oxidation of inorganic carbon sources. The second depicts the
cycling of nitrogen, one of the most important nutrients in the ocean, while
the third depicts the transport and fate of a prototype toxicant.

Sedimentation Processes

The representation of sedimentation processes in the Tuscaloosa
Trend ecosystem (Figure 2.10) depicts the dynamics of particulate material
both in the estuaries and on the shelf, as well as the interactions between
the two. As in the generalized conceptualization (Figure 2.9), the Trend
ecosystem is discretized into two subsystems, but in this case the boundary
between the two subsystems is the water—substrate interface (rather than the
upper and lower parts of the water column). The estuarine portion is similar-
ly subdivided. The representation includes five sediment storage compart—
ments, the suspended and bottom sediments in the estuaries and on the shelf,
as well as marsh deposits and shoreface sands located at shallow depths along
the estuarine boundaries of the Trend ecosystem. This conceptualization does
not address dissolved materials (i.e., there are no storage compartments for
dissolved materials). Water column compartments receive inputs from land
runoff and rivers, dumped and discharged wastes, ocean boundary inflows and
the atmosphere. Particulate material leaves the OCS by way of estuarine and
oceanic boundary outflows.

Linking the five sediment storage compartments are six feedback
loops (Figure 2.10), which collectively include all significant sediment
transport processes operating in the linked estuarine and shelf ecosystems.
The estuarine and shelf transport loops involve erosion and deposition of
sediments under non-storm conditions, and are regulated by advection and
turbulence, sediment grain size, and bottom topography. In the Tuscaloosa
Trend study area, strong winds blowing over the shallow shelf result in peri-
odic disturbance of the bottom sediments. In areas of fine-textured sediments
(e.g., the western half of the Tuscaloosa Trend study area), this results in
resuspension of the surface sediments and development of a highly turbid neph-
eloid layer, which may also be high in dissolved nutrients such as ammonia.
This nepheloid layer could be included as a third subsystem in Figure 2.10.

55



9¢

RIC

‘DUMPED
oo/ \pirs )
DREOGE SPOIL
DISSOVED
( SURFACE
PRECIPITATION ESTUARINE ADVECTION & MATERIAL
DREDGE SPOIL ISPERSION
Looe AyERAGE OCEANIC BOUNDARY
LANO Sl OUTFLOWS
/\ _/\ — \ N~ PELAGIC
/ \ SORTING COMMUNITY
ESTORRINE  AGORE) SHELF SUSPENDED TUR- | SWITCH (INCLUDING
SPE| GATION BIOITY BACTERIA)
Sugnen {FINE 8 COURSE) GRAIN SI2E
FINE & COURSE
ADVEC 80P ESTUARINE - SHELF
i } ' TRANSPORT LOOP
MVERAGE l greLe WATER
BOTTOM COLUMN
FLOW LOOP
v SHELF
ESTUARINE
ADVECTION ADVECTION 8 _..C
TURBULE TURBULENCE
GRAIN SIZE GRAIN SQE
ATER- AT
— e e | cwme | coe e —|e |....__..___.____ WATER- SUBSTAATE oo
erason]| (X ESTUARINE l .
TRANSPORT DEPOSITION
LooP EROSION 8 DEPOSITION (T) TEMPERATURE
RESUSPENSION
® saumiry
-—
OREDGING ESTUARINE ® Toxicity
BOTTOM SEDIMENTS
(PRIMARILY COARSE } | o SHELF 8 SUBSTRATE @@ TuraiiTY
LOOP (FINE 8 COURSE)}
) DETRITUS
' N
DRE DGING
REFRACTORY
LOSSES 1,5
I —
—— BENTHIC
UPTAKE COMMUNITY
ESTUARY I SHELF (INCLUDING BACTERIA)

Figure 2.10.
(Source:

A conceptual representation of sedimentation processes in the Tuscaloosa Trend ecosystem,
McLaughlin et al., 1975).




Linking the sedimentation processes in the estuaries and shelf is
the estuarine-shelf transport loop, which represents the two-way transport of
suspended sediments between the estuaries and the continental shelf. These
flows are regulated primarily by advection and turbulence in the vicinity of
the estuary-shelf boundary, which are in turn generated by tidal forces and
local winds.

The estuarine and shelf dredge material loop, which describes the
dredging of wmaterial in the estuaries and on the nearshore shelf and its de-~
position into the upper water column of the shelf ecosystem, represnts a sec-=
ond link in the sedimentary cycle between the estuary and shelf (Figure 2.10).
Depending on the prevailing currents and depth, and grain size, dumped dredge
material may fall to the lower water column and sediments, or may be carried
some distance away by advection and turbulence before being deposited.

On the continental shelf, the biologically-mediated pelagic and
benthic loops (Figure 2.10) represent the uptake and release of both particu-
late organic and inorganic material by thef bilological community. Only the
finest-grained particulate material is consumed by the pelagic community. The
rest is transported to the shelf floor by way of the shelf transport loop, to
adjacent estuaries by way of the estuarine-shelf tramnsport loop, or across
oceanic boundaries by way of the pelagic loop itself. The pelagic loop in-
cludes an inner shoreface sand and marsh deposit transport loop, representing
the erosion and deposition of shoreface sands from beaches and dunes and marsh
deposits from adjacent wetlands, and is especially important under storm con-
ditions. It is regulated by littoral drift and turbulence associated with
wave energy, rising sea levels, and erosion-deposition of marsh sediments, and
contributes to the sediment load of the water column.

Being detritus-based, the benthic food web can process large amounts
of sediments in areas of intense biological activity. This biological rework-
ing and mixing of the sediments results in an unstable sediment surface which
is more easily disturbed by strong currents (Rhoads et al. 1974), contributing
to the development of a turbid nepheloid layer.

Chemical Processes

Introduction

In all three representations of chemical processes, the ecosys-
tem is discretized into an upper water column and a lower water column and
substrate, with the two layers being separated by a region of the water column
where density increases sharply with depth (i.e., the pycnocline). In near-
coast areas and in the vicinity of the Mississippi River outfall, water column
density can be strongly influenced by estuarine and riverine inputs. Further
offshore, seasonal trends in solar insolation and the resulting heating and
cooling of surface waters are more important and in summer can lead to devel-
opment of a warm, well-mixed layer in direct contact with the atmosphere.
Formation of this upper water layer effectively seals off thef lower water
column and substrate from direct contact with the atmosphere. This can have
profound influences on chemical cycling. '

All three representations also depict the pelagic and benthic

communities at the same degree of complexity as in the general ecosystem con-
ceptualization (Figure 2.9). No trophic relationships among components of
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these biological communities are explicitly shown in these conceptualizations,
but are implied.

Carbon-0Oxygen Cycling

In the depiction of carbon-oxygen cycling (Figure 2.11), the
three storage compartments, organic carbon, oxidizable inorganic material, and
dissolved oxygen, are found both above and below the pycnocline. Two major
sources of dissolved oxygen are uniquely available to the upper water column.
The first is the atmosphere, which is especially important in replenishing
dissolved oxygen concentrations during periods when winds are strong. The
other source of dissolved oxygen 1is photosynthesis by the primary producer
component of the pelagic community. Both subsystems receive inputs across
oceanic boundaries. Besides this, the only other source of dissolved oxygen
to the lower water column and substrate is exchange across the pycnocline
(i.e., from the upper water column).

In both upper and lower layers of the water column, dissolved
oxygen is utilized in biological respiration and oxidation of inorganic mate-
rials. Organic carbon resulting from excretion, egestion, and death of mem—
bers of each biological community, as well as that input to the upper water
column from external sources, can be re-utilized by the same community, trans-
ported upward or downward in the water column (i.e., across the pycnocline),
or transported across estuarine and ocean boundaries. The net flux across the
pycnocline 1is downward, emphasizing the dependence of metabolic activity in
the lower water column and sediments on organic material formed elsewhere.
The settling of organic carbon (from the upper water column) to the lower
water column and sediments in the presence or absence of a pycnocline 1is the
source of reduced carbon that supports the detritus-based benthic food web.

If a pycnocline is particularly strong and long lasting, and
biological activity in the upper water column intense (a situation that often
exists in the nearshore Gulf during the late spring-early summer period),
dissolved oxygen conditions in the lower water column and sediments can be
affecteds A tremendous amount of organic material may “"rain” down to the
lower water column and substrate during periods of high primary and secondary
productivity in the pelagic zone. This influx of labile food material may
stimulate the benthic community to metabolize at such high rates that the
dissolved oxygen pool in the lower water column becomes depleted, leading to
anaerobic (oxygen deficient) conditions. Anaerobic conditions also exist at
some depths in most shelf sediments due also to lack of replenishment of dis-
solved oxygen across the lower water column-sediment interface and within the
sediments themselves. Anaerobic conditions which results from oxygen deple-
tion are not conducive to survival of aerobic (oxygen dependent) organisms
(including virtually all multicellular organisms). In areas of dissolved
oxygen depletion (concentrations less than 3.0 mg ~), mobile organisms flee
the "dead” area, while sessile or poorly mobile bottom dwelling organisms
succumb and become part of the detrital organic carbon pool. All processes
requiring dissolved oxygen either cease or slow appreciably under anaerobic
conditions, while certain chemoautotrophic or chemosynthetic microbes which
live under anaerob conditions are activated. When anaerob conditions occur,
many changes in chemical state (oxidation-reduction) also occur, such as re-
lease of phosphorous from the sediments. These changes in biological func-
tioning and chemical state can re-stimulate production once aerobic conditions
return.
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A conceptual representation of carbon-oxygen cycling in the Tuscaloosa Trend ecosystem,
(Source: McLaughlin et al., 1975),




Nitrogen Cycling

The depiction of nitrogen cycling (Figure 2.12) includes two
storage compartments, the particulate and dissolved nitrogen pools, as well as
the biological community in both the upper and lower portions of the water
column. This representation does not depict the many forms of dissolved
nitrogen, such as ammonia, nitrite, nitrate and dissolved organic species.
Both dissolved and particulate nitrogen are exchanged between the biological
community and the water column. Primary producers and decomposers absorb
dissolved nitrogen from the water column, while many detritivores filter ni-
trogenous organic material from the water column. All components of the bio-
logical community cycle both dissolved and particulate nitrogen back to the
water column.

Toxicant Cycling

The representation of sources, transport mechanisms, and fluxes
of a typical "prototype” toxicant (Figure 2.13) is the simplest and most gen—
eral of the three chemical conceptualizations. This is at least partly at-
tributable to the wide array of chemicals that can act as toxicants and the
many different processes associated with each chemical species.

Since concerns regarding toxicants do not generally arise under
natural conditions, modeling of toxicant cycling almost invariably emphasizes
inputs to the system from man's activities. The amount and properties of
chemicals and mode of delivery to the ecosystem are important in determining
transport, fate and residence time of pollutants in the ecosystem. For dif-
ferent chemical species and environments, the relative importance of the vari-
ous inputs will vary. For example, in the deep ocean, far removed from the
influences of river discharge and shoreline erosion, transport of atmospheric
pollutants across the air-water interface (via wet and dry deposition) repre-
sents a major flux of many trace metals, especially those in the particulate
phase. In the Tuscaloosa Trend ecosystem, riverine and estuarine inputs are
dominant for all these toxicants. Inputs of toxicants also occur across the
ocean boundaries of the Trend ecosystem, but the contributiomns are probably
relatively minor compared to estuarine and riverine inputs. The final cate-
gory of inputs are dumped and discharged wastes, which include discharges of
trace metals and hydrocarbons from OCS oil and gas exploration and development
activities. Dumping of dredged materials, which may be contaminated with
toxicants, occurs in the shallow portion of the Tuscaloosa Trend study area
assoclated with various waterway maintenance and development projects in the
adjacent inland waters and passes.

The chemical state of a toxicant in the water column or sedi-
ments depends on its affinity for the surface of particles as well as the
redox potential (i.e., oxidation-reduction) status of the medium. Partition
coefficients that determine the proportion of the toxicant in the dissolved
and particulate states (i.e., the sorption—-desorption relationships) have been
determined for many toxicants under many environmental conditions. The chemi~-
cal state will determine the path by which toxicants cycle through the ecosys-
tem. Those with a strong affinity for absorption onparticles will more likely
be transproted to and accumulated by the sediment systems For these particle~
bound toxicants, transport and fate are closely tied to the major sedimentary
cycles shown previously (see Figure 2.10). Those remaining in dissolved form
are more likely to be transported out of the ecosystem. The redox state of
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Figure 2.12.

(Source: McLaughlin et al., 1975).

A conceptual representation of nitrogen cycling in the Tuscaloosa Trend ecosystem.
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Figure 2.13. A conceptual representation of toxicant cycling in the Tuscaloosa Trend ecosystem
(modified from McLaughlin et al., 1975).




the water column or sediment system is also very important in determining the
chemical and physical state of the toxicant. Changes from aerobic to anoxic
conditions may result in the release of toxicants previously bound to parti-
cles in the water column and sediments.

Toxicants are incorporated into living biomass by food chain
processes and by direct uptake through the respiratory surfaces of many types
of organisms, and are returned to the water column or sediments through meta-
bolic processes such as excretiom, egestion and death. Organisms have a con-
siderable propensity to accumulate toxic materials, and when they die, these
toxicants become part of the detrital pool. Organic detritus derived from
plankton death may be quickly digested by consumers and the toxicants reminer-
alized in the water column. Fecal pellets, resulting from zooplankton eges-—
tion, may settle through the water column at a relatively rapid rate, reaching
the sediments more or less intact and providing a major source of food and
toxicants to the benthic community. The concentration at which a toxicant has
adverse effects on biota is difficult to predict, varying substantially under
different environmental conditions and for different taxa. However, Figure
2.13 does show that at some undefined accumulation level, further biological
uptake 1is regulated because of debilitating effects of the toxicant omn the
biota.

. Among the processes that determine the fate of particle-bound
toxicants once they reach the sediment surface, physical disturbance, diagenic
reactions, and redox state are most important. Storms may disrupt the sedi-
ments on the shelf, leading to cycles of erosion-resuspension and depositionm.
This disturbance would tend to homogenize the distribution of toxicants over
the depth of the disturbed surface layer. In biologically active sediments,
benthic community feeding activities 1involve a reworking and mixing of the
upper 10-20 cm of sediment. This would again result in the redistribution of
toxicants over the biologically active layer of the sediment profile. This
reprocessing mechanism would tend to keep toxicants near the sediment surface
after the source of a pollutant has been eliminated. Bioturbed sediments are
also more prone to resuspension by current shear, increasing the amount of
particulate material and bound toxicants resuspended in the water column.

On the other hand, in the vicinity of the Mississippi River
outfall, where deposition processes are intense, toxicants can be buried rela-
tively quickly and removed from the zomne of biological activity. Toxicants
are also lost from the ecosystem by transport across oceanic boundaries, and
for volatile compounds, across the air-water interface. Within the ecosystem,
toxicants may also degrade to non-toxic states through chemical transforma-
tions in the water column and sediments that are both biologically and non-—
biologically mediated.

Ecological Processes

Like the models for chemical cycling, the ecological conceptualiza-
tion (Figure 2.14) includes a pycnocline which discretizes the ecosystem into
two layers or subsystems. Density stratification of the water column 1is ex-
tremely important in determining the distribution and amount of primary pro-—
duction. Fluxes between the two subsystems (i.e., across the pycnocline) are
accomplished through the shelf sediment loop, settling of organic material
produced in the upper water layer, dispersal of eggs and larvae stages of
nekton and macrobenthos species (i.e., ichthyoplankton and meroplankton,
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A conceptual representation of ecological processes in the Tuscaloosa Trend ecosystem.
McLaughlin et al., 1975).




respectively), and migration of juveniles to their adult habitats. 1In the
following section, this generalized ecosystem representation is developed into

several Level III representations to portray major ecological patterns and
processes on the Tuscaloosa Tremnd OCS.

2.5.4 LEVEL 3 ECOLOGICAL PROCESS REPRESENTATION

Introduction

The generalized representation of ecological processes (Figure 2.14)
disaggregated only the nekton compartment from the rest of the pelagic commu-—-
nity and included no detail concerning the components of the benthic communi-
ty. Detailed conceptualizations of trophic processes of the pelagic and ben-
thic subsystems in the Tuscaloosa Trend ecosystem are shown and discussed in
Chapter 6.0, Ecosystem Structure and Function. In both of these conceptuali-
zations, the biological communities have been disaggregated into a number of
functional entities. In these representations, a species may occupy several
trophic compartments during its life cycle as its feeding relationships change
with size and stage of development. Similarly, individuals of the same size
and age could also be allocated to two or more feeding compartments depending
on the proportions of their fee