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PREFACE

This report is a review of selected environmental literature of the
Mississippi Deltaic Plain Region. This review introduces some of the major
ecosystem components and processes, describes o0il and gas production activi-
ties, and guides the reader to available literature.

The seven chapters in this review and the number of references used for
each are as follows: Introduction - 5; Geology - 147; Hydrology - 98; Climate
and Air Quality - 78; Plants, Fish, and Wildlife - 277; Ecology - 135; and 0il
and Gas - 70. The format of each chapter is not always the same, but considera-
tion is given to data deficiencies and research needs. This report may serve
as a general reference work and aid in the synthesis of more specialized sub-
ject material.

This project was conducted under Contract FWS 14-16-0009-78-090. Funding
was provided by the Bureau of Land Management and U.S. Fish and Wildlife
Service. This study is designed to be used in planning for OQuter Continental
Shelf oil and gas development and for coastal zone management needs.

Questions regarding this publication or requests for copies should be
directed to:

Information Transfer Specialist
National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
NASA/S1idell Computer Complex
1010 Gause Boulevard

Stidell, Louisiana 70458

This report should be cited: van Beek, J.L., D.J. Davis, et al. 1981.
An introduction to the environmental literature of the Mississippi Deltaic
Plain Region. U.S. Fish and Wildlife Service, Biological Services Program.
FWS/0BS -79/30.
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CHAPTER I: INTRODUCTION

Various Federal, State and local programs provide for the evaluation and
management of resources within the coastal zone. However, we need to view the
environment as an integrated system to facilitate coastal development and
environmental management decisions. Interactions among physical, biological,
and socioeconomic processes must be identified, described, and defined at
various levels and related to environmental characteristics and changes.

The present report deals with parts of two regional ecosystems that have
been combined for study purposes into the Mississippi Deltaic Plain Region
(Figure 1-1). It is one of the nation's most productive fish and wildlife
areas. The high biological productivity relates directly to the inflow of
Mississippi River water and sediment and the resulting complex of wetlands and
estuaries. Continued production of resources therefore depends on maintaining
the functional relationship between the Mississippi River and the Deltaic
Plain ecosystem to which diversity and quality of estuarine and deltaic habi-
tats are tied. Deterioration of the delta complex is documented (Gagliano and
van Beek 1970); the causes are essentially man-made. Man's activities (e.qg.
confinement of river flows, canal dredging, land reclamation, decline in water
quality, and navigation and flood protection works) have allowed natural
processes of subsidence, erosion, saltwater intrusion, and eutrophication to
dominate over those processes formerly providing maintenance of the system,
such as freshwater inflow and sediment deposition.

Extending along the Louisiana and Mississippi coast from Vermilion Bay to
the Alabama border, the Mississippi Deltaic Plain Region includes the deltaic
plain of the Mississippi River and the Mississippi Sound segment of the lagoon-
barrier island system off Mississippi, Alabama, and the Florida panhandle.
While both ecosystems have similar climates and exposure to the Gulf of Mexico,
major differences exist as a result of physiographic evolution and process-
environment relationships.

The Mississippi Sound area resulted from the submergence of a relatively
steep coastal plain following the post-glacial rise in sea level and associated
reworking of coastal plain sediments. A lagoon and four well-defined estuaries
were formed, sheltered from the Gulf of Mexico by a narrow chain of barrier
islands. The Pascagoula and Pearl Rivers carried sufficient sediment to main-
tain or re-establish a tidally influenced floodplain within their lower valley.
Major wetland complexes occur here. Additional wetlands are Timited mainly to
the fringes of the estuaries that developed as Biloxi Bay and St. Louis Bay.

The Tagoon, Mississippi Sound, is the principal feature and links four
individual estuarine systems that provide much of the ecosystem support.
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Figure 1-1. Natural setting of the Mississippi Sound and the Mississippi Delta complex which
together form the Mississippi Deltaic Plain Region.



Additional contributions of fresh water and materials are derived from Mobile
Bay to the east and the Pontchartrain estuary to the west. As a result of the
slope of the coastal plain and the origin and Timited size of inflowing rivers,
the Mississippi Sound system has a comparatively narrow width, extending inland
from the Gulf of Mexico approximately 32 km (20 mi). Consequently, salinity
and habitat gradients are greater than those of the Mississippi Deltaic Plain.
Combined with greater geologic stability, the result is much less rapid change
in habitat types.

In contrast to the Mississippi Sound System, the Mississippi River delta
system reflects coastal progradation following the post-glacial sea level
rise. Unlike the Pascagoula and Pearl Rivers, sediment load of the much
larger Mississippi River was sufficient to extend the floodplain beyond the
valley into the Gulf of Mexico as a series of major coalescing delta lobes.
Five delta complexes have developed during the last 6000 years, each initiated
through a change in course or a major diversion of Mississippi River flows
(Frazier 1967). As a result, a deltaic system developed, extending 240 km
(150 mi) along the coast and nearly 160 km (100 mi) out into the Gulf of
Mexico.

The development of each major delta complex initiated a cycle governed by
three major sets of processes: 1) the introduction of fresh water and sedi-
ment by the Mississippi River, 2) subsidence of the area because of compaction
of sediment and tectonic movement, and 3) the combined act of waves, tides,
and currents. The cycle of a major delta complex may span several millennia,
beginning with underwater growth and emergence of the delta, and ending with
disintegration of the system due to subsidence and erosion. Major bays then
develop as upstream river diversions and course changes reduce sediment input
(Gagliano and van Beek 1975). Within delta complexes the same cycles are
repeated on a smaller areal and time scale. Since development of individual
delta complexes is time lagged, all phases are present within the Deltaic
Plain. With the occurrence and distribution of habitats directly related to
the phase of the delta cycle, the lagged cyclic development of delta complexes
produces maximum diversity and continuous environmental change. The Deltaic
Plain thus represents a comparatively dynamic and unstablie system. This
instability is further evidenced by the measureable effects of man's influence
on freshwater inflow.

Each delta complex is associated with a major channel of Mississippi
River origin from which additional distributaries radiate seaward. Associated
with each channel are natural levee ridges. A particular delta complex can be
regarded as a principal structural component of the delta system. From an
ecological point of view, it is the basins between the major river courses or
between a major course and Pleistocene uplands that form the principal func-
tional components, or subsystems, on a scale similar to that of the Mississippi
Sound area. Each of these basins forms a naturally defined hydrologic entity
with Timited or no exchange of water across lateral boundaries. Every basin
is characterized by a specific assemblage of habitats whose type, distribution,
and occurrence relate to phases of the incorporated delta complexes. In
general, each shows an environmental sequence in seaward direction from natu-
ral levee or Pleistocene uplands into freshwater swamp, marshes, and lakes,
through a brackish and saltwater wetland complex, to an open bay that is
partially sheltered from the Gulf of Mexico by barrier islands.



From a natural systems point of view, four such basins can presently be
defined within the Deltaic Plain. These are respectively the basins between
the modern Mississippi River and Pleistocene uplands (Chandeleur-Breton Basin),
between the modern Mississippi River and Bayou Lafourche (Barataria Basin),
between Bayou Lafourche and the Atchafalaya River (Timbalier Basin), and
between the Atchafalaya River and the Chenier Plain (Vermilion Basin). Envi-
ronmental characteristics within each of these basins are governed by basin
morphology and a common set of interacting processes. These functional rela-
tionships are schematically shown in Figure 1-2 and are equally applicable to
the Mississippi Sound System. The diagram utilizes Odum's (1967) symbolic
representation of energy and materials flow, storage, and conversion.

Recognizing the dominance of river inflow and structure of available
ecological information for the Mississippi Deltaic Plain Region, two areas
within the Region may be broken out from the basic units. These are the areas
of the active Mississippi River delta and the area dominated by Atchafalaya
River flows and sediments. Seven units are recognized within the Mississippi
Deltaic Plain Region (Figure 1-3) and referred to as follows: I: Mississippi
Sound, II: Chandeleur Breton Sound, III: Active Delta, IV: Barataria, V:
Timbalier, VI: Atchafalaya, and VII: Vermilion.

The objective of the present study is to review the state of knowledge
concerning the functional relationships governing environmental characteris-
tics and changes of the Mississippi Deltaic Plain Region. The project was
undertaken in two phases: 1) the development of an information base through
an extensive search of published and unpublished environmental data and 2) the
development of a computerized storage retrieval system. The second phase,
represented by the present report, was aimed at a systematic review of the
information base corresponding to the major physical and biological processes
that govern the Mississippi Deltaic Plain Region's ecological structure and
the effect of 0il and gas extraction. Subject papers include geology, hydrol-
ogy, meteorology and air quality, biology, ecology, and oil and gas activities.

The papers provide an overview of current information concerning the
ecological structure and function of the Mississippi Deltaic Plain Region, not
a comprehensive and technical description of process-environment interactions.
Where possible, each paper deals with a defined set of processes and components
as delineated in Figure 1-2 to prevent excessive repetition. Geology and
physiography concerns geological processes as well as riverine, marine, and
socioeconomic processes affecting basin morphology and substrate character-
istics. Hydrology incorporates riverine, atmospheric, marine, and socioeco-
nomic processes insofar as they govern the hydrologic regime and its aspects
of water level, water movement, and water quality. Meteorology concerns
climatological characteristics and weather phenomena affecting hydrologic
conditions and ecosystem functions. Biology focuses primarily on mutual
relationships between physical processes, habitat characteristics, and popula-
tions of plants, fish, and wildlife. Ecological aspects considered are those



of trophic relationships, nutrient cycles, and productivity. The overview of
existing knowledge also deals with the effect of oil and gas exploration upon
the geology, hydrology and biology of the Mississippi Deltaic Plain Region.
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CHAPTER II: GEOLOGY

Rod E. Emmer

INTRODUCTION

_ The Mississippi Deltaic Plain Region is located along the north central
coast of the Gulf of Mexico and is divided into two physiographic sub-regions:
the Mississippi River Deltaic Plain of southeastern Louisiana (Kolb and
van Lopik 1958a) and the Estuary-Lagoon System of Mississippi (Emery and
Stevenson 1957) (Figure 2-1). The sub-regions are defined on the basis of
tangible, characteristic geomorphic landforms resulting from independent but
interrelated physical, biological, and cultural processes.

The Deltaic Plain is a zone of prograding, shifting, and then retreating
sediment wedges of massive volume resulting from a river system which drains
over 40% of the contiguous United States. Holocene sediments have accumulated
to form the present surface since the last stillstand of sea level, approxi-
mately 7000 years ago. Five deltaic complexes have formed during this period
(Frazier 1967) (Figure 2-2), beginning with the Maringouin complex on the
western edge of the Deltaic Plain. The Mississippi River partially shifted to
the east forming Bayou Teche about 5700 years ago and prograded into south
central Louisiana. A complete diversion to the east began 4800 years ago as
the St. Bernard Delta built into the shallower nearshore waters south of the
Pleistocene terraces. Thought once to have reached beyond the Chandeleur
Islands, the channels extended until the gradient became too low for mainten-
ance of the system. Approximately 3500 years ago, a new delta, the Lafourche,
began to fill the basin between the long abandoned Teche and St. Bernard
Deltas. The Lafourche Delta prograded to the south, overlapping parts of both
the Teche and St. Bernard Deltas. These four deltas are fan-shaped because
they were built in the shallower continental shelf waters. The active modern
delta, fifth in the series composing the Deltaic Plain, is a birdsfoot type
delta which began forming 1000 years ago on the continental slope in deep
water. Finally, a new delta, the Atchafalaya, is forming in the Atchafalaya
Bay, once again initiating the cycle of the deltaic system.

Each deltaic lobe is an accumulation of unconsolidated sand, silt, and
clay having a finite vertical and lateral distribution. An orderly cycle of
events occurs which results in the low relief and low elevations of the lobe,
a cycle which extends over hundreds of years and may range in size from
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hundreds of meters thick and thousands of square kilometers in area to only
meters thick and square meters in area. The series of events in a riverine
system which forms a deltaic lobe are as follows (Coleman and Gagliano 1964):

a levee breaks or is over-topped during flood, a diversion results

flow increases through successive floods

there is a peak of maximum discharge and sediment accumulation

flow decreases and sediment supply decreases

the system is abandoned

subsidence dominates and there is a general coastal retreat under
marine or lacustrine processes

In the Estuary-Lagoon System, the cycle is characterized by marine pro-
cesses reworking and redistributing sediments. Wave and littoral currents
erode one end of the barrier island and deposit sediments at the other end or
in the bays. Tides and storms move sediment onto and off beaches while
keeping it in the overall system. Rivers prograde into entrenched valleys but
do not fill them. Marshes form in the quiet zones away from waves and
currents.

As expected, nature is not as simple as the models devised to explain
events. In both sub-regions, deposition occurs in one area, while erosion
simultaneously occurs in another. There are many variations in form config-
uration, process intensity, and the interrelationships between the two; how-
ever, one factor remains constant: the geologic component of the Deltaic
Plain and Estuary-Lagoon System is the base upon which the biological and cul-
tural elements rest.

Geomorphic knowledge of the Mississippi Deltaic Plain Region consists of
information about the surface and near-surface lithologic elements--important
information because of the relationship between the physical base, the distri-
bution and configuration of detritus, and the biological elements of the
Deltaic Plain and Estuary-Lagoon System. This discussion centers on these
phenomena and is not concerned with paleontological observations, petrologic
reports, geologic articles on oil and gas formations, or basic engineering
geology. For example, regional subsidence as related to geosynclinal sediment
accumulation is mentioned but is not discussed in geophysical terms; sediment
movement by water is covered but the physics of particle entrainment is not
considered. Some reports which may be classified as being in one or more of
the above fields are cited because they are examples of near-surface geologic
or geomorphic information which ordinarily appear in this type of treatise.

In order to evaluate the geomorphic knowledge of this area and then
establish the gaps in knowledge, familiarity with the published and unpub-
lished research which has been conducted throughout the Mississippi Deltaic
Plain Region is mandatory. In preparation for this paper, a bibliography of
the published and unpublished data on the Mississippi Deltaic Plain and the
Estuary-Lagoon System was assembled, thoroughly reviewed, and analyzed for
significant contributions to an understanding of this coastal system.

Research in the Mississippi Deltaic Plain may be divided into four phases:
general description, physiographic interpretation patterned after William M.
Davis (1899), geomorphology at the regional scale, and intensive geomorphic
investigation at a specific location (Figure 2-3, Phases I-IV). A study in

12



el

PHASE IV high
PROCESS-FORM
THE COMPONENTS
> low
[a]
2
PHASE il high
PROCESS-FORM i
THE REGION -
[8)
z low
<
™
g high
RHASE I §
DAVIS =
w
2
[
<
-l
«
PHASE |
GENERAL DESCRIPTION

1800 1850 1900 1950

Figure 2-3. The relative importance and estimated time span of the four phases of research in the
Mississippi Deltaic Plain Region.



the 1890s is probably an inventory of an area; a paper in the 1950s is more
than 1ikely to be either a regional discussion of forms and processes or a
description of a specific locale; and an article in the 1970s would probably
involve an analysis of a portion of a basin or a single entity and would quan-
tify the processes responsible for the form. Thus, an understanding of the
development of knowledge in this field allows an estimation of the content of
an article and/or data by placement of the research in context of time of pub-
lication and authorship.

In the Estuary-Lagoon System, general descriptions of the State of
Mississippi were the only documents on the geology of the area until the 1940s.
Unlike research on the Deltaic Plain, students of the geology of the Estuary-
Lagoon System are only recently compiling regional reports based on previous
detailed works.

The objectives of this report are as follows: to summarize the knowledge
on the forms and processes within the Mississippi Deltaic Plain Region, thus
providing a background for an analysis of the geomorphic and related geologic
knowledge; to present the gaps in knowledge concerning the geomorphic environ-
ment; and finally to point out recommendations for future research in the
Mississippi Deltaic Plain Region.

GEOLOGY

In this section, the forms and processes in the Mississippi Deltaic Plain
Region will be described, followed by an analysis of geomorphic knowledge in
the Region.

FORMS AND PROCESSES IN THE
MISSISSIPPI DELTAIC PLAIN REGION

The surface of the Deltaic Plain and Estuary-Lagoon System is shaped by
four independent but interrelated constituents: sediment, moving water, sur-
face motion, and man. Sediments are the sands, silts, clays, inorganic matter,
and organic matter which are the basic physical building elements of the Del-
taic Plain and Estuary-Lagoon System. These constitute the forms of the
Region. The processes are water movement, surface motion, and man's actions.
Moving water is the action force transporting sediment in river water, long-
shore currents, tides, waves, and storm surge. Water is the connector, the
common denominator, among all forms in the Deltaic Plain and Estuary-Lagoon
System. Surface motion influences the character of moving water and the pat-
terns of deposition. Man's actions contribute to sediment load, manipulate
water movement, and influence surface motion. Each of these four constituents
is made up of separate units, which in total compose the whole; interaction
among these constituents covers the complete range of intensity and composi-
tion, from absence to dominance. A summary of each of the four components of
the geomorphic landscape will follow. Form (sediment) will be discussed first,
followed by processes (water movement, surface motion, and man's actions).

Sediment (form) is the inorganic and organic matter carried from a river
basin through the alluvial valley into the delta and along the coast from adja-
cent systems. Sediment is reworked and combined with residual inorganic and
organic matter to create distinctive geomorphic forms having recognizable
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topographic expressions. Generically distinct patterns have similar generic
origin and respond to outside stimulation in known and predictable manners;
however, the degree and rapidity of response depend on the status of the sur-
rounding environmental parameters. Thus, although it is possible to estimate
what will or will not happen under a given set of circumstances, exact and pre-
cise impact projection is not possible at this time.

The geomorphic forms of the Mississippi Deltaic Plain Region may be
grouped into two catagories: the Deltaic Plain and the Estuary-Lagoon System.
These two systems are subdivided into the following environments:

Deltaic Plain (Kolb and van Lopik 1966) Estuary-Lagoon (0tvos 1973a)
Fluvial Offshore barrier islands and
Paludal inter-island shoals

Fluvial-Marine Mississippi Sound

. Mai s .
Marine ajor semi-closed estuaries

River estuaries

Numerous studies have characterized the Mississippi Delta depositional
environments (Russell 1936; Fisk 1947, 1952, 1955, 1961; Kolb and van Lopik
1958a, 1966; Scruton 1960; Welder 1959; Priddy et al. 1955; Saucier 1963;
Coleman et al. 1964; Coleman and Gagliano 1964; Coleman 1966; Upshaw et al.
1966; Otvos 1973a, 1976). Additional research citations appear in the refer-
ences to this paper and in other literature surveys prepared on the Deltaic
Plain and the Estuary-Lagoon System, therefore only a general characterization
of each depositional environment is presented.

Forms in the Deltaic Plain

Fluvial. Meander belts are fluvial deposits of natural levees, point
bars, and abandoned channel fill. Natural levees aggrade through sedimenta-
tion of suspended load and bed load during overbank flooding and crevassing.
Overbank flooding is an area-wide inundation which is relatively shallow (<5 m
[<16 ft]) and 3-5 km (2-3 mi) across. Overflows are not persistent through
time as may be the crevasse. Most suspended material settles on the existing
levee system. Crevasses, on the other hand, are narrower, 153 to 336 m (500
to 1100 ft) wide, and deeper, up to 31 m (100 ft), where they breach the crest
of the levee. Channels may remain active for a number of years before eventu-
ally filling (Fisk 1947, Saucier 1963). Most sediment finds its way to the
toe of the levee and into the backswamp.

In general, levee elevations and sediment grain size decrease in a down-
stream direction and away from the channel. Subaerial levees trend north-
south across the Deltaic Plain and continue as subaqueous levees where water-
courses prograde into lakes, bays, or other water bodies. Because of their
greater mass, natural levees slowly subside into the underlying sediments
(Morgan 1973). In addition, regional subsidence is occurring because of com-
paction of sediments, water expulsion from interstitial spaces, and geosyn-
clinal movement (Morgan 1973).

Point bars are the product of lateral channel migration and are on the
inside, or convex side, of meanders. The lateral and vertical extent of point
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bar deposits is a result of channel size; therefore rivers such as the
Mississippi will have point bars that are 6.4 km (4 mi) long by 3.2 km (2 mi)
wide and 50 m (164 ft) deep, and watercourses such as the Amite River will
have point bars which are 0.8 km (0.5 mi) long by 0.4 km (0.25 mi) wide and
10 m (33 ft) deep. Topography is characterized by alternating ridges of
coarser material and swales of finer material. In the vertical perspective,
point bars approximate the maximum scour of the river and sediment size in-
creases with depth (Kolb 1962a). The coarsest grain sizes exposed in the
alluvial system are on the point bar because sediment is derived from bed load
as well as suspended load. Point bars have subaqueous and subaerial compo-
nents and transition zones which are periodically inundated during floods.

Abandoned courses are channels which were once active distributaries of
the river system. As a result of increasing discharge through a new course
and less river water flowing through the existing course, the older channel is
gradually filled with sands, silts, clays, and organics. Sandy deposits fill
the channel downstream from the diversion. Gradually, less water flows through
the older course and eventually only floodwaters pass the point of diversion.
The abandoned course is filled mostly with the finer materials (e.g., silts
and clays) carried in suspension during flood and with organics which have
accumulated from plant growth. Tidal action may introduce some sands and
silts into the system from the Gulf of Mexico (Kolb and van Lopik 1966). Aban-
doned courses range in size from main channels of the Mississippi River 1000 m
(3050 ft) across and 50 to 60 m (152 to 183 ft) deep, such as the Teche or
Lafourche courses, to distributaries in the lower deltas only a few meters
across and deep.

Paludal. Paludal deposits fill the broad, low-lying basins between the
meander belts, and are the swamps, marshes, and lacustrine environments which
compose 90% of the Deltaic Plain. The dominant characteristic of sediments in
paludal environments is their high organic content (Kolb and van Lopik 1966).
Swamps, found inland from the Gulf, are areas of low elevation, low relief,
and poorly organized drainage systems in which there are few defined water-
courses. Silts and clays arrive in the basins during flooding and are the
inorganic fraction of the deposit. Because silts and clays settle from flood-
waters, inorganic sediment content decreases with increasing distance from the
source of supply. Peats and highly organic clays are found toward the center
of larger basins where little, if any, inorganic sediment is transported.

Fresh, brackish, and saline marshes occur in more than half of the Deltaic
Plain (Kolb and van Lopik 1966). Marshes are distinguished from swamps by
vegetation (marshes contain grasses and sedges; swamps are vegetated by trees
and woody plants) and a high organic content in the nature of peats, organic
ooze, and humus. Having less inorganic material than swamps, marshes build on
themselves or on the organic matter which gathers on the consolidating sedi-
ments and regionally subsiding facies. Inorganic sediments from floods, storm
surge, and tides must be maintained, however, because organic accumulation
cannot keep pace with subsidence. Eventually, marshes open into lakes if
inorganic supplies are terminated.

Lacustrine environments range in size from Lake Salvador (21 by 10 km [13
by 6 mi] and 1 to 3 m [3 to 10 ft] deep) to very small lakes only a few tens
of meters in diameter and one meter deep. Such small lakes result from marsh
subsidence and are enlarged by wave erosion, tidal action, and storm surge.
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Bottom deposits in the smaller lakes consist of organics from the recent-

1y lowered marsh surface; as the lake enlarges, the fines are winnowed from
the shoreline and lake bed and coarser sediments veneer the bottom. Sediment
may accumulate in lakes from floodwaters, progradation of a river into the
lake, or organic accumulation in the lake. With the exception of the occur-
rence of a major diversion resulting in rapid aggradation--such as in the
Atchafalaya Basin--filling of lakes is very slow.

Fluvial-marine. Fluvial-marine environments are the deposits associated
with an advancing distributary and may be divided into prodelta, intradelta,
and interdistributary environments. Prodelta deposits are formed in deep
waters in front of the prograding delta and are the clays and silts carried in
suspension by the river. Silts settle closer to the distributary and clays
are carried farther seaward, and both are distributed by riverine and littoral
currents. The prodelta deposits are the foundation on which the subaerial
part of the deltaic system is built.

Intradelta deposits are the terrigenous sediments carried as bed load or
suspended Toad which are too coarse to be transported offshore. These sedi-
ments form the distributary mouth bars and the subagueous and low subaerial
natural levees of the prograding channel (Fisk et al. 1954). These are the
coarsest materials in the delta and overlay the prodelta deposits.

Interdistributary environments of underconsolidated clays are deposits
between the distributaries (Fisk et al. 1954). Clays are moved into the
basins by overbank flow, littoral currents, or tidal action. If there is no
channel diversion into the interdistributary basins, the areas slowly fill
with sediment from overbank flooding and eventually become marshes or swamps.

Marine. Marine environments are composed of beach, reef, bay-sound, and
nearshore Gulf sediments. Beaches and reefs are depositional in origin while
bay-sound and nearshore Gulf environments are predominantly erosional features.
Beaches are composed of either sand or shell and are found as barrier islands
or retreating shorelines throughout the Deltaic Plain. Availability of source
material determines whether the beach is sand or shell; most sand beaches are
barrier islands associated with abandoned distributaries, while most shell
beaches are found along retreating marsh shorelines landward of bays and
sounds. The fines are winnowed, leaving the coarser sands and shells. Reefs
are composed of the American oyster (Crassostrea virginica) and form in shal-
Tow water (0.3 to 4 m [1 to 12 ft]) on firm mud and sandy mud bottoms. Their
areal extent varies from a few meters to 6 to 7 km (3.7 to 4.3 mi) wide and
they range from 1 to 3 m (3 to 10 ft) in thickness (Kolb and van Lopik 1966).

Bay-sound environments are found landward of barrier islands and are the
coarser sands and silts of the delta which have been winnowed and redistrib-
uted by wave action. Nearshore Gulf environments are also erosional features
in that they result from wave action and winnowing of sediments. These depo-

sits are located seaward of the barrjer isTands and are 1ndicqtive of a trans-
gressing sea. Coarse materials remain from the available sediment.

Forms in the Estuary-Lagoon System

The Estuary-Lagoon System is within the State boundaries of Mississippi,
with Alabama on the east and Louisiana on the west. The inland boundary is
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the 4-m (15-ft) contour; the seaward boundary is the barrier islands off the
mainland. The topography of this system is either Pleistocene Terrace (allu-
vium and deltaic deposits) or Recent unconsolidated sediments. The Recent
surface is of principal concern because of the wetland habitat. Otvos (1973a)
divides the Estuary-Lagoon System into four units:

e Offshore barrier islands and inter-island shoals
® Mississippi Sound

® Major semi-closed embayments

® River estuaries

Offshore barrier islands and inter-island shoals. The barrier islands
south of the Mississippi mainland are Cat, West and East Ship, Horn, and Petit
Bois. Elongated and narrow in an east-west orientation, the islands are com-
posed of well-sorted fine to medium sands. Water depth between the jslands is
less than 4 m (15 ft) except where inter-island passes scour slightly deeper
channels. Shoals between the islands are well-sorted medium sands. Littoral
drift is to the west, eroding the islands on the eastern tip and prograding on
the western tip. Storm surge may destroy islands and shoals as Hurricane
Camille did in 1969 when storm surge eroded the center of Ship Island, creat-
ing West and East Ship Island.

Mississippi Sound. Mississippi Sound is a long, narrow, shallow (5 to
10 m [16 to 33 ft]) body of water between the Mississippi mainland and the
barrier islands. Muds from the river systems are deposited in the center of
the Sound while sands are deposited in the shallower waters (Upshaw et al.
1966). Some fines are carried into the Sound by tidal currents. Oyster
reefs)form a significant part of the west portion of the Sound (Otvos
1973a).

Major semi-closed embayments. There are two bays in the Estuary-Lagoon
System: Bay St. Louis and Back Bay of Biloxi. Bay St. Louis is the western
of the two and is slowly being filled by sediment from the Jourdan and Wolf
Rivers; most of the bay is mud (Hoskin 1971).

Back Bay of Biloxi is probably a drowned river valley (Christmas 1973).
Marshes are found along the margins of and in the Bay. Two rivers, the
Tchoutacabouffa and the Biloxi, are discharging sediment into the Bay; in addi-
tion, some sediment is being introduced into the system by tides. In general,
fine-grained deposits dominate bottom sediments; however the composition
varies greatly between locations.

River estuaries. The principal river estuaries in the Estuary-Lagoon
System are the Pearl, Jourdan, Wolf, Biloxi, Tchoutacabouffa, and Pascagoula
Rivers. The Pearl and Pascagoula Rivers are building deltas and are filling
drowned river valleys which open directly into the Mississippi Sound Christmas
1973). The Biloxi and Tchoutacabouffa Rivers are filling the bay system of
Biloxi, also a drowned river valley. These rivers and deltas are unlike the
Mississippi Delta because the source material is different, the chemical com-
position of the sediments is different, tides have a greater influence on sed-
iment distribution because of the smaller volumes and less channel training
works (such as levees, revetments, and jetties), and the deltas are building
onto shallow bay bottoms or drowned river valleys.
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Soils in the Mississippi Deltaic Plain Region

Soils in the Deltaic Plain are divided into two general soil areas:
Mississippi River Alluvial Soils and the Coastal Marshlands (Lytle 1968).
Representative series of the Mississippi River Alluvial Soils are the Commerce,
Sharkey, and Mhoon soils (Lytle 1968). Forming the highest natural elevations
in the Deltaic Plain, Commerce soils make up the natural levee ridges bordering
the main channel and upper lengths of the distributaries and are silt loams and
silty-clay loams that are fairly well drained. Sharkey soils are the back-
swamps of the interdistributary basins and are low and flat. These clayey
soils have a noticeable organic content and are usually poorly drained. The
Mhoon soils occupy a zone between the Commerce natural levees and the Sharkey
backswamps and are level silt loams and silty-clay loams which have a moderate
content of organic matter. Drainage characteristics vary with location.

Coastal Marshlands consist of the marsh peats, clays, and mucks of the
Tow-1ying coastal system. Organic matter and water content are high. Eleva-
tions of the areas are less than 2 m (6 ft) mean sea level, and therefore
Coastal Marshlands range from being occasionally flooded by storm surge to
daily covered by tides.

Soils of the Estuary-Lagoon System are the tidal marsh associations, the
Vicksburg-Bibbs-Ochlockonee association, and the Eustis-Klej-Lakeland associa-
tion (U.S. Soil Conservation Service [SCS] 1964). The tidal marshes fringe the
Pleistocene uplands and are level wetlands. The soils are highly organic,
overlay mineral soils, and are affected by brackish water (ScS 1964). The
Vicksburg-Bibb-Ochlockonee association are loamy soils along stream bottoms and
are subject to flooding. The Eustis-Klej-Lakeland association is a sandy and
loamy soil of rolling topography. The soils are of low elevation and low
relief and have good drainage characteristics.

Processes in the Mississippi Deltaic Plain Region

A11 of the physical forms of the Mississippi Deltaic Plain Region are the
result of and are affected by external processes: water movement, surface
motion, and man's actions. The relation of these processes to the Deltaic
Plain and Estuary-Lagoon System is discussed below.

Water movement--Deltaic Plain. Alluvial processes, such as the entrain-
ment of sediment and the transportation and deposition of detritus, are related
to the annual flood regime of the River system. The hydraulic cycle of the
Mississippi River shows a low stage during September and October and a rising
discharge from November to April when maximum flood occurs. The thalweg, a
line which connects the deepest points of the channel, migrates across the
channel as discharge increases and decreases. During low water, the thalweg
is normally close to the cutbank and maximum turbulence and velocity are toward
the cutbank (Russell 1967). With rising water, the thalweg migrates toward
the convex, or point bar, side of a meander; channel cross-sections are asym-
metrical and deeper toward the outside. In the relatively straight sections
of channels (called reaches) between bends, channel cross-sections are symmet-
rical and more shallow. Turbulence in the reaches is greatest toward the
bottom of the channel and along both banks, while maximum velocity is in the
center of the channel. Suspended load and bed load increase during flooding,
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as does the particle size being carried. During low stage, stream capacity
and total quantity of suspended sediment decrease.

River migration as a result of bank failure occurs due to 1) undercutting
of the bank by scouring in meanders, 2) oversteepening of the bank, and 3) sud-
den change in hydrostatic pressure from a falling river, falling groundwater
levels or river turbulence (Kolb 1962b, Krinitzsky 1965, Coleman 1969). Fail-
ures usually occur during floods and during a rapidly falling river. A com-
posite silt and clay bank fails more often than a homogeneous clay bank because
of the erosional resistance of the clay.

Once a river discharges into a relatively quiet body of water, such as a
gulf or lake, current velocity decreases rapidly. The coarsest-grained mate-
rial in transport is deposited as mouth bar and subaqueous levee (Welder 1959);
the finer silts and clays are carried farther from the mouth before settling
as a result of gravitation or flocculation. The delta progrades on its own
sediments. Small channels breach low levees and crevasse-splays; miniature
deltas prograde into interdistributary basins (Arndorfer 1973). Levees are
built vertically by deposition of material during annual floods, while the
whole system slowly compacts and sinks into the underlying clays. Spits and
barrier islands may form downdrift of the distributary mouth as distributary
mouth bar sands are reworked.

Away from the source of detritus, marine processes become dominant, giving
the delta a double identity: prograding at the distributary and transgressing
at points away from the mouth. Principal processes include wave action (energy),
tidal oscillation (rise and fall), longshore currents (regional and local), and
related climatic phenomena (winds, hurricanes, and frontal passage). Wave
energy along the coast is low and sediment is not reworked and redistributed
rapidly. If the Gulf coast were a high energy system, there would be a great
deal of turbulence: currents eroding and reworking sediment and winnowing bay
bottoms to a smoother shoreline than the one represented by the birdsfoot
delta.

Tides in the Deltaic Plain are primarily diurnal (having one high water
and one Tow water daily) with a weak semi-diurnal component (two high waters
and two Tow waters) (Kjerfve 1975). Although the tidal range in the Deltaic
Plain is only 40 cm (16 in), it plays an important role in influencing sedi-
ment movement and water dispersal (Arndorfer 1973). Tidal ranges for most of
the Louisiana coast vary from 5 cm to 61 cm (2 in to 24 in) (Stone et al.
1972). Tidal dynamics are also important in the shallow water systems along
the Gulf coast (Kjerfve 1975). Tidal currents contribute to erosion of shore-
lines in the estuarine system (Stone et al. 1972).

Longshore currents redistribute sediment in the barrier island systems
east and west of the active distributaries. Inlet positions shift as sediment
is eroded from one end of an island and is deposited on the other end, a highly
variable process as a result of storm surges. The tidal passes are the ex-
change points for water and sediment between the Gulf and the shallow inter-
distributary basins.

Finally, climate-related actions affect sediment distribution. Storm

surges from hurricanes sometimes exceeding 4 m (13 ft) above mean sea level
carry sediment into the fluvial marine environment from offshore. Barrier
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jslands are breached and sediment is redistributed inland. Erosion is acceler-
ated along shorelines of lakes and canals. Winds affect circulation patterns,
water elevations, and wave action (Kjerfve 1975). Frontal passage affects
water elevation and sediment distribution in the wetlands.

Water movement--Estuary-Lagoon System. In the Estuary-Lagoon System,
marine processes dominate. The barrier islands which separate the Gulf of
Mexico from the Mississippi Sound are migrating from east to west, being
driven by waves and longshore currents. Tides along the coast have an average
range of 0.49 m (1.6 ft) and are diurnal (Paulson et al. 1978). Tidal cur-
rents transport material through the tidal passes. Seaward of the tidal
passes are shoals or ebb tidal deltas of well-sorted coarse sands (Kwon 1969,
Otvos 1973b, Waller and Malbrough 1976). Within the sounds and bays, bottom
sediments are reworked, redistributing the fines and leaving the coarser sedi-
ments. Hurricane storm surge is a catastrophic event in geomorphic processes:
storm surge breaches the barrier islands, forms new tidal channels, and depo-
sits washover fans on the sound side of the islands. Large quantities of sedi-
ment are entrained and moved from the beach offshore and downdrift.

Surface motion. Subsidence is the gradual Towering of the land surface
relative to sea level. The rate of subsidence varies across the Mississippi
Deltaic Plain Region. In the active delta, and throughout most of the Deltaic
Plain, the rate exceeds 5 mm/yr (0.2 in/yr) (Holdahl and Morrison 1974). In
the Estuary-Lagoon System, regional subsidence is very slight, less than
1 mm/yr (0.04 in/yr) (Holdahl and Morrison 1974). However, readings on the
Biloxi tide gauge indicate a rising sea level of 244 mm/century (9.6 in/century)
(Waller and Malbrough 1976).

Subsidence is related to the regional.geology and the unique composition
of the depositional environments. The Mississippi Deltaic Plain Region, in
the north central Gulf of Mexico, is in a geologic area that is dominated by
the Gulf coast geosyncline (a long, narrow trough filled with sediment). The
axis of the geosyncline is seaward of the present shoreline; therefore the geo-
logic formations under the Mississippi Deltaic Plain Region dip as a monocline
toward the axis. Accumulating sediment for millions of years, the geosyncline
has become a huge prism of clastic sediment derived from the north and north-
west. The stratigraphy is a sequence of thick transgressive and regressive
sections of Tertiary and Quaternary sediments deposited in off-lapping wedges.

The Gulf coast geosyncline is a huge, tectonically subsiding basin.
Rapid, thick, deltaic deposition resulted in normal growth faults (faults in
which the hanging wall has been depressed relative to the footwall [Howell
1960]) along the boundary between the sand and clay units and intrusion of
salt stocks into the overlying sedimentary beds. Regional subsidence has a
number of natural causes, including downwarping in the geosyncline because of
sedimentary loading. At the same time, sediments compact and water is driven
from interstitial spaces. Finally, a degree of subsidence may be caused by
sediments rotating into the fault plane as a displacement occurs (Jones 1975).

Local subsidence may be caused by consolidation of recently-deposited
sediments through compaction and water expulsion. The more massive distribu-
tary levees subside more rapidly than the interdistributary basin sediments
(Morgan 1973).
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Man's actions. The final independent process which contributes to shap-
ing the geomorphic forms and other processes of the Deltaic Plain and the
Estuary-Lagoon System is man's actions. Man has the ability to manipulate to
some degree sediment, moving water, and surface motion, but at the same time
he is 1imited by the availability of natural resources. Man's activities have
the effect of compressing the geologic cycle in time and space and causing
events to occur in areas where they normally would not occur. Selected exam-
ples illustrate man's effect on the Deltaic Plain and Estuary-Lagoon System.

Sediment load in streams is increased by accelerated soil erosion on cul-
tivated fields. Artificial levees and spillways which prevent annual floods
deny natural levees and interdistributary basins the sands, silts, and clays
necessary for maintenance of elevation and topographic expression. Regional
and local subsidence are no longer offset by aggradation and the landscape
changes physical character, e.g., from a marsh to an open water body. En-
trained sediment in the river system is transported to the Gulf and released
offshore into deeper water, lost as a natural resource. Marshes and spoil
banks contribute to sediment supply because they erode more rapidly due to in-
creased wave activity and tidal flow. Sediment is transported to new areas
via ship channels or is deposited as spoil banks or artificial beaches (e.g.,
on the Mississippi Gulf coast). These sediments are not in naturally occurring
zones and will ultimately be reworked and redistributed into adjacent environ-
ments.

Man affects water movement and erosional and depositional processes by
dredging canals in the wetlands or across open bodies of water, enlarging
open bodies of water, channelizing by straightening and deepening meandering
tidal channels, and installing structures such as groins or jetties which in-
terrupt longshore currents. Wave action is increased as water bodies enlarge
and currents increase as meandering channels are straightened.

Although affected by man's actions, surface motion of the Mississippi
Deltaic Plain Region cannot be controlled at present. 0il and gas withdrawals
have caused subsidence along the Gulf coast (Atherton et al. 1976). Ground-
water withdrawal for irrigation and industrial use has caused subsidence in
Louisiana (Smith and Kazmann 1978). Finally, leveeing and drainage of wetlands
for agricultural and urban development has resulted in oxidization of peaty
soil and subsidence (Earle 1975). Subsidence in turn affects water movement
and sediment deposition.

ANALYSIS OF GEOMORPHIC KNOWLEDGE IN
THE MISSISSIPPI DELTAIC PLAIN REGION

Three approaches have been used to analyze the available geomorphic
know}edge of the Mississippi Deltaic Plain Region. The first approach involved
a brief review of the evolution of knowledge concerning the region. Consider-
at19n of the geographic distribution of research projects throughout the
region is a second approach, whereby the zones within the Mississippi Deltaic
P]a1n Region which have not yet been adequately investigated may be deter-
m1n§d. A third approach is an evaluation of the type and quality of data on
sediment, moving water, surface motion, and man's actions in order to identify
areas where research is needed. Based on the information gained from these
approaches, it is possible to report on the gaps in knowledge and to make re-
commendations for future research. An analysis of the Deltaic Plain and the
Estuary-Lagoon System based on the second and third approaches will follow.
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Deltaic Plain

Areal distribution of research. Four zones have been intensely studied
in the Deltaic Plain. The first of these (Figure 2-4), the Mississippi River,
has been the laboratory for the U.S. Army Engineer Waterways Experiment
Station (WES) since its founding in 1928. WES conducts applied research on
the sediment load of the river ?WES 1930, 1937, 1939, 1940; Keown et al. 1977;
Robbins 1977), the flow characteristics of the water (WES 1950, Pierce and
Elliott 1967, Woods et al. 1975), and the geology of the banks and adjacent
levees (Kolb 1962a, 1962b; Stanley 1964; Krinitzsky 1965; Kolb 1975). A1l of
these studies are applied research designed to prevent flooding and to main-
tain a navigation channel for ship and barge commerce on the River. Much fac-
tual information on the River system and interpretation of the processes
responsible for and active in the channel are contained in these and other
reports by the WES (Dale and Peck 1978).

A second zone which is under intense investigation is the Atchafalaya
Basin and Delta. The U.S. Army Corps of Engineers (USACE), New Orleans Dis-
trict, is preparing a lengthy report in relation to an Environmental Impact
Statement of a proposed water resource plan for the Atchafalaya Basin (Skinner
et al. 1973). The USACE, New Orleans District, is also sponsoring research in
the Delta (H. Roberts, Louisiana State University, Coastal Studies Institute,
Baton Rouge, Louisiana 70803, personal communication, 1978). The WES has been
active for years in the Atchafalaya Basin, especially regarding use of the
Basin as a floodway (WES 1934, Fisk 1952) and maintenance of levees (Krinitzsky
and Smith 1969, Krinitzsky and Lewis 1972). The U.S. Environmental Protection
Agency (EPA), through its contractors, has been studying the Basin since 1973.
Other works which contribute data on sediment, water movement, and man's impact
in this zone include Thompson (1951, 1956); van Lopik (1955); SCS (1959);
Coleman (1966); Shlemon (1972); Barrett (1975); Cratsley (1975); and van Beek
et al. (1977).

The third zone of intensive research is the Active Mississippi Delta at
the mouth of the main channel. Detailed studies have been carried out since
the 1930s (Trowbridge 1930, Russell 1936, Shepard 1956, WES 1959, Fisk 1961).
Coordinated efforts have been directed by the Coastal Studies Institute at
Louisiana State Unjversity since its founding in 1953. Numerous reports on
the forms and processes active in the delta have resulted from this work
(Treadwell 1955; Welder 1959; Coleman et al. 1964; Morgan et al. 1963; Coleman
and Gagliano 1964; Wright and Coleman 1971, 1975; Hart 1978; Hart and Murray
1978). Emphasis in the earlier studies was on the subaerial features--such as
subdeltas, crevasses, and mudlumps--and the processes responsible for their
formation. In the last ten years, research interests have shifted to the off-
shore slopes and current movements.

The final zone of concentrated research is the Barataria Basin (Figure
2-4). Data have been collected on sediment (Krumbein and Aberdeen 1937;
Krumbein 1939; Caldwell 1940; Siegert 1961; SCS 1973, 1976, 1977, 1978) and
water movement (Kjerfve 1975, Adams et al. 1976). The barrier islands which
separate the Basin from the Gulf of Mexico have been studied by Kwon (1969),
Conatser (1971), USACE (1972), and Whitehurst and Self (1974). Louisiana
State University (Stone et al. 1972) has produced a baseline study for the
Louisiana Offshore 0il1 Port south of Grand Isle. Detailed soil research has
been conducted by Brannon and Patrick (1973) on the chemistry of wetland soils.
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Research in the Barataria Basin has been carried out primarily by a single
organization, Louisiana State University. Whitehurst is presently associated
with the Division of Engineering Research at Louisiana State University;
Kjerfve was with Coastal Studies Institute at the time of his research, and
Adams and Patrick are with the Louisiana Sea Grant Program.

Only the four zones (Mississippi River, Atchafalaya Basin and Delta,
Active Mississippi Delta, and Barataria Basin) have been the subject of con-
tinuing research on the geomorphology of the Deltaic Plain. The other areas
of the Deltaic Plain have been studied on a more regional scale. In the
Maurepas-Pontchartrain Basin, Brooks and Ferrell (1970) and Ferrell and Brooks
(1971) studied the distribution of clays; Saucier (1963) described the geomor-
phology of the Pontchartrain Basin; and the geology of the Deltaic Plain is
described only at selected sites (Schultz and Kolb 1954; WES 1966; McAnear
1975; Kolb et al. 1975). To the southeast, the St. Bernard Delta-Chandeleur
Island region was studied by Russell (1936), but only studies limited in scope
have followed. Kolb and van Lopik (1958b) investigated the geology of the
route of the Mississippi River-Gulf Outlet. Morgan and Treadwell (1954) exam-
ined the cemented sandstone slabs of the Chandeleur Islands, Hart (1978)
described currents and energy dissipation in Chandeleur and Breton Sounds, and
Briggs (1968) discussed sedimentation in Breton Sound.

To the west, between Bayou Lafourche and the East Guide Levee of the
Atchafalaya Basin, descriptive studies are regional in nature and do not dis-
cuss the processes active in the area in detail (Kolb and van Lopik 1958a,
Kolb 1962a, Fisk 1952, Saucier 1969). Finally, the zone between the West
Guide Levee of the Atchafalaya Basin Floodway and the Bayou Teche has been
studied in detail only in relation to USACE projects at Bayou Courtableau and
the Vermilion River and in relation to SCS projects along Bayou Teche.

Geomorphic data. An analysis of the character of data collected on the
four interrelated components of the geomorphic system (sediment, water move-
ment, surface motion, and man's actions) reveals that most data thus far have
related to sediment: its type (whether sand, silt, clay, organic, chemical,
or a combination of all), composition (quartz, feldspar, kaolinite, carbonate),
origin (detritus or in situ), and distribution and form across the Deltaic
Plain. There is a marked scarcity of knowledge about the Deltaic Plain regard
ing the remaining three components of the geomorphic system--water movement
relative to sedimentation, man's inpact on the environment, and surface motion
of the region.

Most studies of sedimentation have concentrated on the Mississippi River
and Atchafalaya Basin because of their socio-economic importance. The first
studies were reports of observations accompanied by some measurement of grain
size and topographic features (Russell 1936). The next series of studies were
regional surveys of sediments compiled from data derived from old maps, air
photos, borings, and field surveys (Fisk and McFarlan 1955, Kolb and van Lopik
1958a, Welder 1959, Kolb 1962a, and Shlemon 1972). Generalizations were made
about water movement as interpreted from the geomorphic form. It is in the
more recent studies that specific information on the hydrodynamic character of
an area could be interpreted by examination of the primary sedimentary struc-
tures (Moore and Scruton 1957, Coleman and Gagliano 1965, Coleman 1966, Davis
1966). Studies on erosion of the physical system give estimates of rates of
deterioration of coastal features (Morgan 1955, Gagliano et al. 1970, USACE
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1972, Harper 1977, Morgan 1977). Rates of erosion in the study area are being
established through a Habitat Mapping Project (K. Wicker, Coastal Environments,
Inc., Baton Rouge, Louisiana 70802, personal communication, 1979).

There is less known about man and his impact on the deltaic system than
there is about water movement and sedimentation. Davis (1973) and Gagliano
(1972) have discussed the effects of canals on the environment; Wintz et al.
(1970) and Kazman and Heath (1968) have described subsidence resulting from
the withdrawal of groundwater in the Baton Rouge and New Orleans areas. Fisk
(1943) investigated the relationship between petroleum extraction and fault
displacement in the Vacherie community. Okey (1914, 1918), Harrison (1961),
Earle (1975), and the SCS (1977, 1978) determined the subsidence resulting
from impounding and draining a wetland environment. Environmental assessments
and statements describe the expected primary and secondary adverse and benefi-
cial impacts of proposed actions on the environment. Selected statements con-
tain valuable basic data on the geology, soil, and geomorphology of the area
(Gulf States Utilities 1974) and man's modification of surface features.

0f the four components of the Deltaic Plain, surface motion is the least
known and the least studied. The Deltaic Plain is located over the northern
edge of the Gulf coast geosyncline, a Tong narrow trough filled with Cenozoic
deposits (Hardin 1962, Bernard and LeBlanc 1965, Antoine et al. 1974). The
geosyncline is a huge, tectonically subsiding basin which has been active
since Mesozoic times. Natural subsidence varies greatly from one area to the
next because of faults and 1ithologic changes. Kolb and van Lopik (1958a) and
Holdahl and Morrison (1974) show subsidence rates for specific sites in the
Deltaic Plain, but detailed information is not available for most locations
within this region.

In summary, the gross composition of the system and the basic processes
that are affecting the system are known. The Deltaic Plain is composed of
organic and inorganic sediments arranged in a systematic sequence. Water move-
ment is the connecting medium among the geomorphic units and in turn is
affected by the landscape. Man works to modify the landscape and to a degree
can manipulate aggradation, degradation, water movement, and, as a result,
subsidence. Regional tectonic stability is beyond man's control but is prob-
ably influenced by sediment diversion and river training.

Conclusions. A number of conclusions may be drawn from the evaluation of
geomorphic knowledge in the Deltaic Plain:

1) Research is utilizing more sophisticated techniques for describing and
analyzing the forms and processes in the Deltaic Plain. Where once a
report described a region and observation was the principal source of
data, now atomic absorption spectrophotometry, x-ray diffraction,
radiographs, and color infrared photographs supplement observation and
gross measurements.

2) Models are being programmed to project forms and processes in selected
areas and to estimate the impacts of changes in the system.

3) Research is concentrating on more detailed elements of the system,

measurements are becoming more precise, study areas are decreasing in
size, and costs are increasing.
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4) Four zones in the Deltaic Plain have been the subject of most of the
research thus far undertaken. The other zones have received merely an
overview and general treatment.

5) There are areas within the intensely studied zones in which forms and
processes have not been investigated.

6) Studies along the Mississippi River and in the Atchafalaya Basin are,
for the most part, applied research conducted by the WES in Vicksburg,
Mississippi. These studies concern flood control and navigation on
the River. )

7) Studies in the active delta have been carried out largely by Louisiana
State University, Coastal Studies Institute. Initial studies were on
subaerial forms; however, currently the emphasis is offshore.

8) Barataria Basin, the barrier islands, and Atchafalaya Bay have been
investigated by researchers from numerous organizations such as uni-
versities and private industry. Research has been both applied and
basic.

9) State agencies, except for occasional reports published by the Wild-
1ife and Fisheries Commission, no longer conduct applied or basic
research in the Deltaic Plain.

10) Local and regional agencies are not active in geologic, geomorphic, or
soils research.

11) The sedimentological framework of the deltaic system is known, but
knowledge about specific sites or areas is generally lacking outside
the vicinity of the present Mississippi meander belt.

12) Sedimentary maps exist for some of the bays and lakes near the shore-
line, but many of the interior lakes have not been studied.

13) Water movement and sedimentary processes have been studied in the
active delta and along the barrier islands, but processes of erosion
and deposition have not been investigated in any detail in the interior
of the estuarine basins.

14) Man's impact on the geomorphic element is documented, however detailed
studies are, for the most part, non-existent.

15) Groundwater and petroleum extraction are known to cause subsidence,
but extensive research has not been conducted in this area.

16) Regional subsidence is recorded, but data on specific sites are not
available.

17) Except for the Mississippi River and the Atchafalaya Basin, research

js concentrated along the shoreline, leaving a void of ongoing or
recent research in the interior of the Deltaic Plain.
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Estuary-Lagoon System

Areal distribution of research--geomorphic data. The evolution of geo-
morphic knowledge of the Estuary-Lagoon System is considerably different from
that of the Mississippi Delta. Research in the Estuary-Lagoon System was neg-
1igible until the late 1940s. A few general geology reports on southern
Mississippi (Lowe 1915, 1925; Stephenson et al. 1928; Brown et al. 1944)
describe the Estuary-Lagoon System, but do not examine it in detail. With the
formation of the Gulf Coast Research Laboratory in the late 1940s, geology
received immediate attention. Basic research in sediments and sediment chem-
istry is the thrust of their geology program (Otvos 1973b).

An updated regional geology of southern Mississippi was not prepared
until 1973 (Otvos 1973b). An environmental geologic atlas is currently in
press (Gazzier et al. 1977). Detailed studies are concentrated on the
Mississippi Sound and the barrier islands which separate the Sound from the
Gulf (see Figure 2-4). Sediment composition and distribution in the Miss-
issippi Sound are described by Priddy (1954), Priddy et al. (1954), Priddy
and Crisler (1955), Foxworth and E11is (1960), and Upshaw et al. (1966).

Sediments and geology of Bay St. Louis were studied by Hoskin (1972),
while Biloxi Bay was studied by Barton (1952), Robbins (1961), Snowden (1961),
and Hoskin (1972). Foxworth (1958) and Foxworth et al. (1962) investigated
the heavy minerals in beaches and islands along the coast.

Otvos (1970, 1973a, 1976), Waller and Malbrough (1976), and Shabica et al.
(1978) discussed the composition, development, and migration of the barrier
islands. Priddy and Smith (1960) described recent sedimentation on Horn
Island, while Holladay et al. (1957) described the shifting of the Marsh Point
Sand Spit. Zones of shoreline erosion are shown by the USACE (1971). The
Pearl River is described by the USACE, Mobile District (1970). Snowden and
Forsthoff (1976) discussed clay sedimentation in the Pearl River Delta. The
Pascagoula River Delta is described by the USACE, Mobile District (1968).

X-ray diffraction, atomic absorption spectrometers, aerial photographs,
and other sophisticated techniques have been used by scientists in analyzing
the Estuary-Lagoon System. Subsidence for the area was established by Holdahl
and Morrison (1974). Keady et al. (1973) showed that there is no subsidence
due to groundwater withdrawal. The USACE, Mobile District (1978) is studying
the effects of dredging on the morphology of the Sound and the barrier islands.

In summary, the composition of the Mississippi Sound and the barrier
islands is known. The principal processes dominating the system are longshore
currents causing the barrier islands to migrate from east to west, tidal
action scouring the tidal passes and redistributing sediment in the Sound
and offshore, currents eroding the artificial beaches and spoil banks, and
hurricane-generated currents. Man has an impact on the system by dredging
and maintaining navigation channels and artificial beaches. Finally, subsi-
dence is relatively insignificant throughout the Estuary-Lagoon System and is
not the problem it is in the Mississippi River Deltaic Plain.

Conclusions. A number of conclusions can be arrived at concerning the
knowledge of geomorphology of the Estuary-Lagoon System:
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1) The area is not a center for concentrated research as is the Deltaic
Plain, probably due to the greater economic inportance of the
Mississippi River and Alluvial Valley.

2) Research did not begin with any intensity in this area until the late
1940s following the founding of the Gulf Coast Research Laboratory at
Ocean Springs, Mississippi. Research is directed toward the
Mississippi Sound, the connected bays, and the barrier islands.

3) Initial studies were limited in space and effort. The emphasis was on
the physical and chemical characteristics of the sediment.

4) Sophisticated methods such as atomic absorption spectrophotometry,
x-ray defraction, and aerial photography are being used to examine
and collect data.

5) The deltas filling drowned valleys of the Pearl River and the
Pascagoula River have not been studied as intensively as have the
Sound and barrier islands.

6) There are areas within the intensely studied zones which have not been
investigated and there may be Tittle or no information at specific
locations.

7) The USACE, Mobile District, is studying the impacts of their dredging
projects on sedimentation and erosion in the coastal zone.

8) Detailed studies of specific areas and processes, such as quantitative
measurements of sediment transport on and in the vicinity of the bar-
rier islands, have not yet been carried out.

GAPS IN KNOWLEDGE

A number of gaps in the existing knowledge of forms and processes have
become apparent from the review of the existing literature, both published and
unpublished. In the Deltaic Plain, physical and chemical sediment and soils
data must be collected on the Maurepas-Pontchartrain-St. Bernard, the Verret-
Terrebonne, and the Bayou Teche regions. Quantitative data on water movement
and sediment characteristics in canals, bayous, lakes, tidal deltas, barrier
islands, and wetlands must be collected for the entire Deltaic Plain with the
exception of the main channel of the Mississippi River. The chemical and
physical processes active in the basins must be studied so that impacts may be
projected. Man's impact on the system must be assessed, especially with re-
gard to the potential and probable subsidence resulting from petroleum
extraction.

In the Estuary-Lagoon System, data on the forms and processes active in
the river deltas are almost non-existent. Quantitative information on pro-
cesses in specific areas of the Estuary-Lagoon System is not available. Man's
impact on the rivers and estuaries has not yet been quantified.
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RECOMMENDATIONS

The following are recommendations for research in the Mississippi Deltaic
Plain Region:

1) Priorities must be set for geomorphic research in the Mississippi
Deltaic Plain Region. Restoration of the wetlands should have prior-
ity over other research at this time. Critical areas must be identi-
fied from physical, biological, and cultural perspectives and then
ranked to establish priorities for wetland restoration. Such studies
may be achieved by integrating existing data with interpretation of
color infrared photographs and fieldwork.

2) A basic research program must continue on the Atchafalaya Delta to
provide information about the natural processes of delta formation.
The information from this natural laboratory system may be applied to
other controlled diversions in the future.

3) The Pearl and Pascagoula River deltas should also be studied in order
to determine the natural processes of delta building. Such information
may also be applied to eventual river training.

4) Additional basic data is needed in order to estimate impacts from pro-
posed projects, such as highways, levees, and sewerage systems. A
system of recording stations should be established across the Deltaic
Plain and Estuary-Lagoon System to monitor physical and chemical pro-
cessess. Because of the nature of this type of data collection, a
university or laboratory facility in each state might be designated as
the lead agency responsible for coordinating basic geomorphic research;
for example, Coastal Studies Institute at Louisiana State University
and Gulf Coast Research Laboratory at Ocean Springs in Mississippi.
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CHAPTER III: HYDROLOGY

Johannes L. van Beek

INTRODUCTION

Not even the casual observer can escape the conclusion that hydrologic
processes play a major role in determining ecological characteristics of the
Mississippi Deltaic Plain Region. Plant and animal populations change in
character as one moves from fresh to saltwater or from short to long hydro-
periods. Sediment and substrate characteristics change along energy gradients
of water movement, and aquatic habitat may be succeeded by wetland and terres-
trial environments, or vise versa, in response to changes in flow patterns and
sediment introduction.

When considered in this manner, hydrology emerges as a determinant and
modifier of environmental characteristics by means of water movement and water
levels and physical and chemical characteristics of the water. However, the
hydrologic regime must be seen as a functional part of the ecosystem, linking
geologic, riverine, marine, atmospheric, and socioeconomic forces as well as
those forces with the biotic and abiotic forms of that system.

Consideration of hydrology as a linking mechanism among various compo-
nents of the environment is not a new concept. It dates back to at least the
fifteenth century version of the hydrologic cycle as suggested by Leonardo
da Vinci. Hydrology as a science deals with all aspects of water on the earth,
and many of its concepts were developed separately in various disciplines.

Little quantitative work was done in hydrology until the 1930s, when
expanding needs for flood control, drainage, water supply, etc, required accu-
rate predictions of channel flows and runoff. These needs emphasized the
necessity for understanding interrelationships among atmospheric processes,
ground water, and stream flow; between characteristics of stream flow and
channel morphology; and between basin morphology and surface runoff. Increased
understanding of hydrology was further made possible because systematic stream
flow and precipitation measurements by Federal agencies had been underway
since the 1880s, providing some of the long-term records required for accurate
determination of the interrelationships.

Advances in measurement technology and concerns with shoreline erosion,

harbor shoaling, and other adverse coastal phenomena instigated similar pro-
gress in estuarine and nearshore hydrodynamics in the 1950s. These studies
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were concerned with physical processes, linking marine, riverine, atmospheric,
and geological driving forces and related physical forms.

For many years interest in hydrology concerned basic water quality para-
meters such as turbidity, oxygen, temperature, and salinity as habitat descrip-
tors. With growing environmental concern in the 1960s, programs were initi-
ated and legislation directed at resource management, and a holistic approach
was taken in the field of ecology. The need to accurately predict the effects
on the ecosystem resulting from man-induced changes, in driving forces, the
realization of the importance of hydrodynamics in nutrient cycling, primary
productivity, and species diversity, and the need to define desired hydrologic
conditions for the management of natural resources all contributed to a rising
interest in hydrology as it relates to biological systems.

The objective of this paper is to evaluate the extent of present knowl-
edge of hydrology in the Mississippi Deltaic Plain Region. The discussion
will be confined primarily to two areas: the first area is that of hydrologic
processes, and deals with the relationship between the driving forces and the
hydrologic regime; the second area concerns the major hydrologic components of
the ecosystem and associated structural and functional characteristics. An
attempt has been made to relate this review to hydrologic functions, as a
basis for identification of areas in which data are lacking and for recommen-
dations for further investigation.

DRIVING FORCES AND THE HYDROLOGIC REGIME

The hydrologic regime of the Mississippi Deltaic Plain Region is estab-
1ished through interaction among the driving forces and between those forces
and the physical and biogenic forms of the system. On a day-to-day and sea-
sonal basis, these driving forces are the riverine, atmospheric, and marine
processes and, to some extent, socioeconomic processes such as waste dis-
charges and seasonal management operations. Socioeconomic processes such as
flood control become more important when the time scale is enlarged. The same
is true for the geologic processes as a driving force.

RIVERINE PROCESSES

The term "riverine processes" refers collectively to the inflow of fresh
water across the northern Mississippi Deltaic Plain Region boundary. Major
characteristics that affect functioning of this inflow as a driving force are:
location of inflow, inflow rate, water level, temperature, chemical load, and
sediment load. Inflow of fresh surface water for the Region as a whole is
dominated by the Mississippi River and its distributary, the Atchafalaya River.
With a combined average discharge rate of 170,000 m3/s (6,002,700 cfs), these
streams account for more than 90% of freshwater inflow (U.S. Army Corps of
Engineers [USACE] annual data). This figure is misleading because of present
limitations on the distribution of this water and associated materials through
the Region.

Mississippi River water remains confined within the channel until it
reaches the active delta. Its direct contribution to the Region, except for
minor diversions and operations of the Bonnet Carré Spillway, is limited to
the delta and adjacent nearshore waters. Only after mixing with saline waters
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of the Gulf of Mexico does Mississippi River water enter adjacent estuarine
systems as a result of nearshore circulation and tidal exchange. This indi-
rect input of Mississippi River water has the largest influence on the
Barataria estuary and to a lesser extent influences the Timbalier estuary
because of a predominant westward drift in coastal waters. Further westward,
indirect effects of Mississippi River discharge become more difficult to eval-
uate because of the increasing influence of Atchafalaya River discharge and

an easterly nearshore drift during summer months (Kimsey and Temple 1962,
Oetking 1974).

Inflow of Atchafalaya River water is subject to a similar, but lesser,
limitation. Following initial confinement between levees, the river is
allowed to overflow its banks and adjacent wetlands within the Atchafalaya
Basin Floodway which occupies approximately one-third of the Atchafalaya Basin.
Limitations on the effects of flow and storage are entirely removed below
Morgan City, Louisiana, where river waters disperse into adjacent bays and
water exchange occurs with the wetland systems of the Vermilion and Timbalier
hydrologic units. Thus, contribution of river water to these units is both
directly through inflow and indirectly after mixing of Atchafalaya River
waters with nearshore Gulf waters.

Hydrologic characteristics of both the Mississippi and Atchafalaya Rivers
are well understood. Daily stage, discharge, suspended sediment, and tempera-
ture values are available at the point of inflow into the Mississippi Deltaic
Plain Region, as are monthly measurements of water quality for a large number
of chemical parameters (in U.S. Geological Survey [USGS] annual water data
reports for Louisiana [a] and Mississippi [b]l, and in USACE annual stages and
discharges reports).

Because of the limitations of the distribution of Mississippi River and
Atchafalaya River waters, additional inflow of fresh water into the Missis-
sippi Deltaic Plain Region, even though accounting for less than 10% of the
total input (Gagliano et al. 1972), is very important. Unfortunately, this
inflow is not as well documented as that of the Atchafalaya and Mississippi
Rivers, and ranges from significant streams such as the Pearl and Pascagoula
Rivers, with average discharges on the order of 300 to 400 m3/s (10.590 to
14,120 cfs), to unconfined runoff from adjacent uplands. Discharge, stage,
and water quality measurements are available for all streams with average dis-
charges greater than several m3/s (in USGS annual water data reports a, b; in
USACE annual stages and discharges reports). Suspended sediment load measure-
ments are limited to a few of the larger streams, such as the Pearl and
Pascagoula Rivers.

Summaries of certain hydrologic characteristics are available for some
streams. These include: drainage areas (Sloss 1971), stream temperatures
(Calandro 1967), and magnitude and frequency of floods for Louisiana streams
(Neely 1976); frequency of floods (Wilson and Trotter 1961), average discharges
(Christmas and Eleuterius 1973), and low flow characteristics (Speer et al.
1964) for streams in Mississippi; discharge rates, velocities, and stage hydro-
graphs for the Mississippi River (USACE 1968); and hydrologic characteristics
and water quality conditions of the Mississippi (Everett 1971) and Atchafalaya
Rivers (Wells and Demas 1977).
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While these records provide for an accurate measurement of many indivi-
dual surface water inflows, they do not allow accurate total assessment of
inflowing water and materials into the Mississippi Deltaic Plain Region as
a whole or on a hydrologic unit basis. This is because all discharges, with
the exception of the Atchafalaya and Mississippi Rivers, are gauged a con-
siderable distance above the Mississippi Deltaic Plain Region boundary, and
therefore the records do not account for inflow of water and materials
below the gauging point. Also not accounted for are surface drainage through
unconfined runoff, drainage canals, and streams of less than several m”/s
average discharge.

Riverine processes have been considered only on a limited basis as a
driving force for hydrologic conditions in the Mississippi Deltaic Plain
Region. Gagliano et al. (1970a) determined statistical relationships between
freshwater input and salinity fluctuation on a hydrologic unit basis within
the Louisiana segment of the Region. This analysis indicated that between 50%
and 70% of monthly salinity variation resulted from differences in yield of
fresh surface water available from inflowing streams and ungauged runoff and
from precipitation surplus generated within each unit. The relative impor-
tance of riverine and atmospheric processes as driving forces for the salinity
regime was determined through multiple regression analysis and successive
deletion of variables of least significance.

Despite its importance to the Mississippi Deltaic Plain Region, the
effect of Mississippi River discharge on hydrologic conditions remains poorly
known other than at the mouth of the River. Except for hydrodynamic studies
concerning interaction between effluent river waters and ambient Gulf waters
(Wright and Coleman 1971) at the Mississippi River mouth, information about
relationships between Mississippi River hydrologic regime and nearshore condi-
tions in the Region is sparse. Collections of hydrologic and hydrographic
data in nearshore waters, other than for parameters such as salinity and tem-
perature, have been of too short duration or too low frequency to fully evalu-
ate the effects of temporal variation in Mississippi River discharge.

Atchafalaya River discharges and stages have been analyzed as forcing
factors with regard to depth, duration, and extent of flooding within the
Atchafalaya River Basin (van Beek et al. 1977a, 1978). In this same area,

several studies have dealt with the effect of river flow on water quality
(Lantz 1974; Bryan et al. 1974, 1975, 1976; Wells and Demas 1977; Hern and

Butch 1979) and productivity and related energy export as measured by organic
carbon (Hern and Lambou 1978).

In summary, it can be stated that information available with regard to
riverine processes as a driving force of the Mississippi Deltaic Plain
Region's hydrologic regime is confined largely to measurement of the inflow
of fresh water and associated materials through the larger streams. Attempts
to summarize this inflow information have been limited. Understanding the
relationship between these driving forces and the hydrologic regime of the
Mississippi Deltaic Plain Region as a whole is almost entirely qualitative
except for salinity data from the Louisiana coastal zone. Information from
individual hydrologic units receiving riverine inflow is largely qualitative
also. However, many unit-specific studies contain inferences about the
effects of riverine input at the time of study (i.e., Ho and Barrett 1975,
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Eleuterius 1979) which, when analyzed and integrated, may yield a more com-
plete picture.

ATMOSPHERIC PROCESSES

Atmospheric processes are a major driving force of the hydrologic regime.
The most important elements are wind, precipitation, and insolation. For
information concerning present knowledge of these parameters in the Missis-
sippi Deltaic Plain Region, the reader is referred to the accompanying paper
dealing with meteorology and climatology. The following paragraphs will deal
primarily with the relationships between atmospheric processes and the hydro-
lTogic regime.

Responses of the hydrologic regime to atmospheric processes are in the
form of changes in water level, water movement, and water temperature, with
resultant secondary changes in water quality. On a regional scale, evaluation
of relationships between atmospheric processes and the hydrologic regime is
limited to water level and salinity. Wax (1977) showed that in the Louisiana
coastal zone, synoptic weather types characterized by frontal passage and
veering winds from northerly to southerly or easterly are the meteorologic
events that cause the sharpest and most consistent rise or fall in estuarine
water levels. Occurrence of precipitation surplus was found to be much less
effective in causing water level change than was wind. The magnitude of the
response was found to decrease with distance from the coast and open waters.
Salinity responses to precipitation surplus and runoff were measured by
Gagliano et al. (1970a) for the Louisiana portion of the Mississippi Deltaic
Plain Region (see "Riverine Processes").

A number of studies have been carried out in individual hydrologic units
in which atmospheric effects were considered but not evaluated. These studies
were directed toward an understanding of estuarine circulation dynamics. The
importance of wind stress as a driving force for estuarine circulation of
Barataria Bay is discussed by Hacker (1973), Kjerfve (1975), and Banas (1978).
Kjerfve showed that wind stress accounted for less than 50% of the time-
averaged slope of the water surface and only modified the direction of the
tide-induced surface siope.

Circulation in Lake Pontchartrain was analyzed for varying wind condi-
tions by Stone et al. (1972) through use of aerial photography. While Timited
to direction of surface water movement, these data suggest a predominant
response to wind direction and speed rather than to tidal and riverine forces.
Hart (1976) and Hart and Murray (1978) analyzed the effect of wind stress on
tidally forced circulation for Chandeleur-Breton Sound, through numerical mod-
eling, and found that northerly winds produced a significant increase in net
flow through the Sound but only minor effects on circulation patterns.

Information concerning the effect of precipitation in forcing flow through
wetlands is sparse. A single, preliminary, modeling study has been carried
out in the upper Barataria Basin above Lac des Allemands (Light et al. 1973).
This study evaluated short-term stage (3 months), discharge, and storage char-
acteristics of flow arising from local rainfall. Byrne et al. (1976) studied
the effect of synoptic weather types and associated precipitation and wind
conditions on salinities and water levels in Barataria Basin, while Wax et al.
(1978) analyzed those relationships for the Vermilion area.
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The majority of work involving the effects of atmospheric processes on
nearshore circulation has focused on deeper offshore waters adjacent to and
west of the Mississippi River Delta. This lack of information for the near-
shore area results partly from the difficulty of eliminating variability due
to discharges of fresher water from the Mississippi River and major estuaries.
Present knowledge in the study area appears limited to isolated observations
confirming the importance of wind in driving nearshore circulation (Harper
1974, Murray 1975, Wiseman et al. 1975). A number of qualitative studies com-
paring patterns of turbid riverine outflow of the Mississippi River to weather
conditions (Rouse and Coleman 1975) also emphasize wind-driven circulation.

MARINE PROCESSES

In the context of this paper, marine processes as a driving force include
the areawide input of energy and materials into the nearshore waters of the
Mississippi Deltaic Plain Region from the Gulf of Mexico. The marine elements
that affect hydrologic conditions of the Region are tidal variation, circula-
tion, wave regime, and physical and chemical characteristics of water
exchanged between the open Gulf and the nearshore waters.

Oceanographic characteristics of the Gulf of Mexico have been the subject
of many studies since the 1900s. On a macro-scale, these studies have result-
ed in a general definition of surface circulation and seasonal variations of
salinity and temperature and, in some cases, of vertical structure. For the
Mississippi Deltaic Plain Region east of the Mississippi Delta, these condi-
tions are summarized by Drennen (1963), Ichiye et al. (1973), and Eleuterius
(1974). Circulation, salinity, and temperature characteristics over the near-
shore continental shelf west of the Mississippi River were defined in studies
by Wiseman et al. (1975) in the area south of Barataria Bay, and by Oetking
et al. (1974) in the shelf waters off the eastern part of the Region. Of par-
ticular interest in evaluating the mechanisms involved in exchange of near-
shore Region waters and offshore Gulf waters are the detailed studies in the
Barataria bight (Wiseman et al. 1975, Murray and Wiseman 1976) and immediately
east of the Mississippi Delta (Murray 1975).

A number of studies (including those mentioned above) deal with salinity
and temperature characteristics of inner shelf waters, for the area west of
the Mississippi Delta. A few longer-term records provide a general picture of
seasonal and spatial variation (Allen et al. 1977, Huh et al. 1977, Barrett
et al. 1978, Thompson and Leming 1978) and show the importance of frontal
movement with regard to the seasonal cycle of water temperature for the
coastal and deeper waters,

The tidal regime of the Mississippi Deltaic Plain Region also remains
poorly known despite its importance and the fact that tides are probably the
best-characterized element of marine forces, beginning with Marmer's (1954)
summary of tides and water levels in the Gulf of Mexico. Basic to the evalua-
tion of tidal influences are the daily predictions of the National Oceanic and
Atmospheric Administration (MOAA) which provide expected time and level of
high and low water at many locations along the Region's coastline. These data
have been utilized for the construction of co-phase lines (Wiseman et al.
1975); for numerical modeling of tide-induced circulation in Barataria Bay
(Kjerfve 1973), Chandeleur-Breton Sound (Hart 1976), and Atchafalaya-Cote

48



Blanche Bay (van Beek et al. 1977a); and for the delineation of the tidal cur-
rent regime of Mississippi Sound (Eleuterius 1976a).

While numerical modeling of tidal currents is a basic step toward deline-
ating actual circulation, shortcomings of this technique have been pointed out
by Wiseman et al. (1975). Major deviations from predicted currents occur as
a result of the perturbation induced by density gradients related to fresh-
water discharge and by wind stress.

Tidal influences in the form of water level changes and effects on water
movement extend well into each of the hydrologic units. While daily water
level records are available from USACE gauging stations (in USACE annual
reports on stages and discharges) throughout the coastal zone, the extent to
which tidal variation contributes to short- and long-term water level varia-
tion has been investigated in detail only for the Barataria estuary (Byrne
et al. 1976).

One of the least-studied marine forces with regard to its effect on
Mississippi Deltaic Plain Region hydrologic processes is wave action. Pre-
sently available information pertains to offshore wave characteristics, except
for daily visual observations of surf conditions made by the U.S. Coast Guard
at Grand Isle, Louisiana. Despite the fact that wave-induced longshore cur-
rents play an important role in the littoral transport of sediments and the
sand balance of the barrier island system, no systematic studies of these cur-
rents have been undertaken. Observations are limited to incidental observa-
tions such as those at Petit Bois Island (U.S. National Park Service, National
Space Technology Laboratory [NSTL] Mississippi, personal communication 1979)
and in the Barataria area (Wiseman et al. 1975). Minimal information is
available about the distribution of wave energy along the Mississippi Deltaic
Plain Region coast (Becker 1973).

SOCIOECONOMIC PROCESSES

The occupation of the Mississippi Deltaic Plain Region by man has re-
sulted in substantial modification of the use and morphology of the Region and
of the balance of materials--including sediments, nutrients, and toxins--
within the Region's waters. Because of the direct effect of morphologic
changes on water levels and water movement, and of the materials balance on
water quality, socioeconomic processes such as flood control, dredging and
filling, water level management, and waste discharge must be viewed as major
driving forces of the hydrologic regime. Present information concerning these
socioeconomic processes is limited, consisting mainly of input information;
i.e., many of the activities are documented but their effects on the hydro-
logic regime are not. In many cases, functional relationships remain unknown
other than in qualitative terms, or the opposite is true, in that environ-
mental changes are documented but causes of change can only be ascertained in
general terms.

Morphologic changes as a result of socioeconomic processes have been doc-
umented by maps, aerial photographs, and actual measurements (Gagliano and
van Beek 1970, Gagliano et al. 1973). Estimates as to direct effects on the
hydrologic regime have, for the most part, remained speculative. Notable
exceptions are a comparison of man-made and natural channel flushing charac-
teristics along the Bay of St. Louis, Mississippi (Paulson and Pessoney 1975);
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an attempt to evaluate, through numerical modeling, flow changes in a brackish
marsh under a variety of dredge and fill conditions (Stone and McHugh 1977);
and a comparison between freshwater swamps that are subject to and severed
from)riverine overflow, respectively (van Beek et al. 1978, Hern and Lambou
1978).

In a Timited number of cases effects on water quality directly related to
flood control and dredge and fill operations in the Region have been monitored
and resultant conditions reported (Mackin 1971, USACE 1977) or baseline condi-
tions established for future monitoring (Paulson et al. 1978). Stone et al.
(1978) estimated release of nutrients into adjacent waters as a result of
canal dredging through a marsh environment.

Effects of canal and waterway dredging on salinity remain poorly docu-
mented in terms of absolute contribution of dredging activity to salinity
changes. Various cases can be identified where salinities showed a major
increase (Gagliano et al. 1970c) following project implementation, such as the
Mississippi River-Gulf OQutlet, but in most cases effects have been cumulative
and definitive evaluations have not been made.

As a socioeconomic process, input of materials into Mississippi Deltaic
Plain Region waters is known, in part, because of required permits from State
and Federal agencies for industrial and sewage discharge. For confined
streams such as the Mississippi and Atchafalaya Rivers, input can be further
determined by means of comparison of upstream and downstream sampling stations
(Everett 1971, Wells and Demas 1977). Studies of this type have been carried
out on major streams that serve as a domestic or industrial water supply or
have shown dramatic increase in waste loads, as in the case of the Pearl River
(Everett et al. 1973).

The quantity of sediments, nutrients, and toxins from economic processes
having nonpoint-source discharges, such as agricultural and urban development,
remains unknown in the study area. While general estimates can be made on
the basis of studies of national scope (Omernik 1977), this topic has been
little studied within the Mississippi Deltaic Plain Region (Cook 1971, Craig
and Day 1976, Dunigan et al. 1976, U.S. Soil Conservation Service [SCS] 1977).

Management, as a socioeconomic process which affects the hydrologic
regime, encompasses a variety of structural and nonstructural measures. While
nonstructural measures, such as coastal zone management legislation and permit
requirements, function primarily as regulators of modification, the structural
measures, such as weirs, have a direct effect on the hydrologic regime. The
construction of weirs to manage waterfowl habitat and provide access for hunt-
ers and trappers has been widespread. The effect of weirs upon water levels,
salinity, and turbidity conditions has been the subject of detailed investiga-
tion (Herke 1971, Chabreck et al. 1978), yet little is known about the cumula-
tive effects of the weirs. These effects include a decrease in tidal prism
which in turn influences the magnitude of water exchange and current
velocities.

A second, more recent, structural measure has been the implementation of
a number of small-scale diversions of Mississippi River waters into wetlands
below New Orleans. While some data are available (Louisiana Department of
Wildlife and Fisheries, Louisiana Department of Health and Human Resources)
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concerning water quality prior to and after diversion, no in-depth evaluations
have been made of the hydrologic effects.

GEOLOGIC PROCESSES

The geologic processes considered as long-term forces in changing the
hydrologic regime are subsidence and compaction of substrate sediments. In
the absence of counteractive sedimentation, the lowering of the substrate
results in enlargement of water bodies. The gradual increases in water depth
and water surface have secondary effects upon tide-induced water exchange
between estuaries and nearshore waters and the development of wind waves. The
associated intensification of erosional processes involving currents and waves
may then act to further increase areal size of the water bodies. Simulta-
ne?usly, these changes modify water quality characteristics, especially
salinity.

Geologic processes have been qualitatively identified as major causes for
modification of the deltaic environment, with emphasis on morphologic change,
i.e., delta growth and land loss (Gagliano and van Beek 1970).

HYDROLOGIC ENVIRONMENTS AND INTERACTIONS

Mississippi Deltaic Plain Region waters may be divided into four compo-
nents, or subsystems, that interact in various ways depending on subsystem
morphology and internal hydrologic characteristics. These four subsystems
are: 1) the rivers providing temporary storage of water introduced into the
Region by riverine processes; 2) the upland, or nonwetland, areas providing
temporary storage for local runoff, overflow from rivers, and overflow from
adjacent wetlands due to tidal or wind forces; 3) the lower basin, or wetland
areas, subject to inflow from adjacent uplands, from rivers directly or via
adjacent uplands, and from nearshore Gulf waters; and 4) the nearshore Gulf
area which provides storage for water introduced by marine processes and
receives water from rivers and local runoff directly or via the lower basin
subsystem.

RIVERS

Knowledge of Mississippi Deltaic Plain Region rivers primarily concerns
descriptive parameters of stage, flow rate, and water quality. The stage data
are the most comprehensive. Stages are recorded on a daily basis by the USACE
and/or the USGS along all streams, with additional gauges functioning during
flood periods. Stage information usually concerns discrete locations along
the entire stream reach from the upper boundary of the Region to the stream
mouth.

Flow rate information is much more limited, as indicated earlier in this
paper under "Riverine Processes." Except for the Mississippi and Atchafalaya
Rivers, long-term records of discharge are available only for gauging stations
outside the Mississippi Deltaic Plain Region. Flow duration and peak flow
exceedence probability are available for USGS discharge gauging points from
the USGS, but this information does not necessarily extend into the Mississippi
Deltaic Plain Region because of the tidal influences and flow losses from the
river through overflow and diversion.
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Water quality records have been collected by a large number of Federal
and State agencies. The annually published records of the USGS are the most
easily accessible. Records vary considerably with regard to frequency of col-
lection, length of record, and number of parameters measured. Parameters
range from temperature of chloride on a daily basis to a total of nearly one
hundred parameters including heavy metals, pesticides, and nutrients. Varia-
tions in type of data, period of record, and frequency of measurement are too
great to allow an adequate summary statement here. Data-collecting organiza-
tions and types of data available are indexed and obtainable through the USGS
National Water Data Exchange (NAWDEX). Major sources from which data may be
retrieved are the USGS Water Data Storage and Retrieval (WATSTORE) and the
U.S. Environmental Protection Agency's Storage and Retrieval System (STORET),
to which data are contributed by many Federal and State governmental agencies
and institutions. A review of STORET information revealed a total of 28
organizations that have collected water quality data within the Mississippi
Deltaic Plain Region at approximately 3000 locations including streams, lakes,
and estuarine waters.

While Targe amounts of basic data are available for the Region's major
rivers, summaries of this data are limited in scope to statistical parameters
such as mean, maximum, minimum, and standard deviation. These data character-
ize a river as a driving force, but leave many questions unanswered with
regard to interaction between the rivers and other hydrologic components of
the system. These questions are vital to management of the Region's surface
waters for renewable resource conservation.

As a result of development and natural processes, hydrologic characteris-
tics of the rivers have changed and continue to change. Cases in point are
the elimination of annual overflow of the Mississippi River and the ongoing
changes of stage-discharge relationships for the Atchafalaya River. What do
these changes mean in terms of perturbations of the adjacent systems that are
functionally linked to the river? The processes of annual overflow have been
described in qualitative terms (Gagliano and van Beek 1970, van Beek et al.
1977b), but little quantitative information is available about volumes of sedi-
ment diverted from the river through overbank flow (Gagliano et al. 1972) or
the effect on water quality and sedimentation of various means of water diver-
sion into the overbank area. Likewise, river characteristics have remained
undefined with regard to maintenance of present ecological systems. Such
characteristics include the annual river stage and discharge hydrographs to
which river-related ecosystems are adjusted, or trends in those hydrographs
as a cause for biological habitat change.

Interactive processes between river hydrology and upland and wetland sys-
tems are also important, although poorly defined. The effect on river water
of annual overflow and the subsequent return of water to the river is pres-
ently an unknown quantity for most rivers. Yet it is exactly this process
that forms a link between many of the rivers, riverine wetlands, and the
coastal environment. Some extrapolation concerning this process may be made
on the basis of water quality studies in the Atchafalaya Basin (Hern and Butch
1979) and nutrient transport studies in the Barataria area (Day et al. 1977).

Interactions between rivers of the Mississippi Deltaic Plain Region and

the marine environment involve, in particular, delta building and salinity.
In terms of delta hydrology, little is known about how to manage water and

52



sediment for wetland restoration. Preliminary studies estimated rates of
delta building for a given diversion of river discharge (Gagliano and van Beek
1976), but at the same time illustrated the possible variability of the hydrol-
ogy of the distributary network. Much needed information concerning the diver-
sion requirements for optimum distributary development remains unavailable.

Interest has focused on saltwater intrusion at major river mouths,
including the Mississippi River (Wright 1972, Rattray and Mitsuda 1974), the
Pear] River (USGS 1977), and the Pascagoula River {Zitta et al. 1977). Influ-
ences of tide and saltwater intrusion on discharge and flow distribution have
received 1ittle attention other than for the Mississippi River, where seaward
discharge and vertical mixing were defined in the South Pass channel for vari-
ous tidal conditions (Wright 1972). No such information is available for the
Atchafalaya River.

UPLANDS

Within the Mississippi Deltaic Plain Region, upland environments are con-
fined to the Pleistocene Terrace along the inland boundary of the study area
and to major natural levee ridges of the Mississippi River and its distribu-
taries. Formerly occupied by forests, uplands are now largely under develop-
ment for urban, industrial, and agricultural use. Drainage has been acceler-
ated through changes in surface characteristics and through construction of
drainage channels in the course of development practices. Since most drainage
from the uplands is directed into adjacent wetlands, the drainage process
forms a major hydrologic link between socioeconomic processes and the wetlands
and waters of the lower Mississippi Deltaic Plain Region. This linkage is
further augmented where uplands are, in reality, developed wetlands and are
subject to frequent overflow by rivers or to backwater flooding from adjacent
wetlands.

In view of the above relationships between uplands and the estuarine
environment, major concerns are the quantity and quality of surface drainage
generated in upland areas, the rate of runoff, and hydrologic effects on
receiving wetlands through changes in flooding characteristics and water qual-
ity. None of these topics have been adequately addressed for the Mississippi
Deltaic Plain Region. While water yield from upland areas is included in
water yield calculations for each of Louisiana's hydrologic units (Gagliano
et al. 1970a), these data have not been separately presented to allow esti-
mates of input of associated material. Equally limited in scope are the
determination of rainfall-runoff relationships for southeast Louisiana and
southwest Mississippi (Calandro 1967), and estimated freshwater yield from
natural levees in the upper Barataria unit (Light et al. 1973). Information
concerning the effects of development on the rate and water quality of runoff
in the Region appears to be limited to inferences on the basis of hydrologic
changes that are occurring in the adjacent, receiving water bodies (Craig and
Day 1976). No quantitative information has been presented concerning nutrient
and sediment contribution from upland areas. The most extensive information
available about the additional linkage through periodic flooding of uplands
are the flood frequency contour maps for the period of June through November
published by the U.S. Department of Agriculture (SCS 1973, 1975). In general,
the function and contribution of uplands to the hydrology of the Mississippi
Deltaic Plain Region are poorly documented.
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LOWER BASINS

A major part of each hydrologic unit within the Mississippi Deltaic Plain
Region is occupied by a complex of wetlands, natural channels, canals, and
major water bodies. For the purpose of discussion, this complex within each
hydrologic unit is referred to as the lower basin and extends from the uplands
to the open water of the Gulf of Mexico. Aquatic and wetland environments in
each of the lower basins range from fresh to brackish or saline, depending on
the magnitude and location of freshwater inflow and basin morphology. Fresh-
water inflow and tidal exchange also determine circulation and current pat-
terns for a given basin morphology. With the exception of the Mississippi
coastline, basin morphology in the study area is experiencing rapid change as
a result of natural processes and man's activities. Consequently, freshwater
inflow, drainage, tidal exchanae, and circulation patterns are continuously
being modified with resultant changes in salinity.

Freshwater Flows and Dispersion

Freshwater flows to the lower basins of the Mississippi Deltaic Plain
Region involves two major processes. The first is the introduction of fresh
water and related sediment and nutrients necessary for physical and biological
maintenance. The second is annual overflow of the forested wetlands and the
resultant support provided to the aquatic ecosystem (see "Riverine Processes").

Available information concerning freshwater flow distribution within the
lower basin wetlands appears limited to the Atchafalaya Basin and upper
Barataria Basin. Within the Atchafalaya Basin Floodway, the USACE, New
Orleans District (1976), determined flow distribution through major distribu-
tary channels for various discharges of the Atchafalaya River. Individual
contributions of local runoff and river water and of water exchange for two
smaller swamp basins within this same area were estimated (van Beek et al.
1978). Flow measurements were made in association with a nutrient export
study in the Barataria Basin (Day et al. 1977). 1In addition, a numerical mod-
eling approach was designed by Light et al. (1973) to determine overall dis-
charge patterns as a result of local runoff in the freshwater environment of
the Barataria Basin. In all other units, information of freshwater movement
is limited to general inferences on the basis of aerial photo interpretation
of vegetation and salinity patterns. The lack of information, even for major
flows, such as those diverted into wetlands from the Lower Atchafalaya River,
severely limits accurate prediction of impacts of channelization and other
major projects affecting hydrology of the lower basins, and to implement
effective management of available fresh water.

Tidal Influences, Water Levels, and Circulation

The extent of tidal influence on water level variation has been presented
only for the Barataria hydrologic unit (Byrne et al. 1976) and the Mississippi
coastal area (Mississippi Marine Resources Council 1977). In the Barataria
area, water level responses were analyzed at 17 stations maintained by State
and Federal agencies. This analysis yielded a picture of temporal and spatial
variation in tidal range and of the progression of the tide. For a number of
years, water levels were also analyzed for seasonal variation, revealing a
significant semi-annual periodicity with maxima during spring and fall,
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respectively. The study of Byrne et al. (1976) provides both a good indica-
tion of limitations in presently available data and shows the extent to which
presently available water level data for each hydrologic unit can be utilized
in characterization of the hydrologic regime of the lower basins. Unfortu-
nately, no other similar efforts appear to have been undertaken, except for
the f;eshwater environment of the Atchafalaya Basin Floodway (van Beek et al.
1977b).

From an ecological point of view, water level information is most useful
when it can be expressed relative to substrate elevation in order to provide
information on depth, duration, and extent of seasonal or annual flooding.
Acquisition of information about these relationships is probably more hindered
by lack of detailed topographic information than by lack of water level data.
Topographic information is limited mainly to contours at 1.5 m (5 ft) inter-
vals and spot elevations, while in the wetland environment most elevations are
less than 1.5 m (5 ft) above mean sea level (MSL) and elevation differences of
0.15 m (0.50 ft) are significant in terms of habitat type.

Circulation in each of the lower basins of the Mississippi Deltaic Plain
Region is highly complex because of the many forces involved and because of the
complex network of interconnecting waterbodies. Circulation is important
because of the transport of materials (detritus, silts and clays, salts,
nutrients) and organisms and because of its effect upon water quality (dis-
solved oxygen, salinity, nutrients). Of major concern, therefore, are patterns
of water movement, flow velocities, and rates of water exchange. None of
these appear to be known for any of the hydrologic units as a whole.

An indication of the lack of knowledge about circulation is its absence
as a topic of discussion in the hydrologic characterization of the Barataria
Basin (Byrne et al. 1976), the most studied of the hydrologic units. The
availability of information about water movement in relation to tidal forces
and wind stress has been discussed earlier in this paper (Stone et al. 1972,
Hacker 1973, Kjerfve 1975, Eleuterius 1976a, Hart 1976, van Beek et al. 1977b,
Banas 1978, Hart and Murray 1978). However, this information in most cases is
not directed toward characterization of lower basin circulation in an ecologi-
cal sense. Rather, the emphasis is on understanding particular physical
aspects of that circulation in relation to driving forces. Yet these studies
are a significant beginning, since ultimately the numerical modeling of circu-
lation for various seasonal conditions may be a more economical and reliable
means than field measurements of developing seasonal images of circulation
characteristics or assessing impacts of proposed actions. A recent study of
the effect of canals on circulation in the Barataria area (Stone and McHugh
1979) is an example of the modeling approach. Despite the many shortcomings
of this study, including insufficient verification and elimination of the con-
sideration of wind and freshwater inflow, the study provides relative and
order of magnitude measures of flow in the various vegetative zones for the
overall basin.

Present knowledge concerning circulation of the lower basins thus remains
extremely limited. The state of knowledge does not yet allow accurate numeri-
cal simulation, and unit-wide field measurements have been absent or are too
limited in scope. Knowledge of general circulation characteristics is Timited
to large, open water bodies including Mississippi Sound (Eleuterius 1976a, b;
Paulson et al. 1978), Lake Pontchartrain (Stone et al. 1972), Breton-Chandeleur

55



Sound (Hart 1976), Barataria Bay (Kjerfve 1973), and Atchafalaya-Cote Blanche
Bay (van Beek et al. 1977b).

Water Quality Parameters

Measurements concerning hydrologic conditions of the lower basins of the
Mississippi Deltaic Plain Region have been primarily of water quality para-
meters, in particular salinity. Networks of salinity and temperature record-
ing stations have been maintained in Louisiana by the USACE, Mew Orleans Dis-
trict, since 1947, and by the Louisiana Department of Wildlife and Fisheries
since 1968. Long-term and historic records for the Mississippi area are more
Timited, since water quality data collection has been associated with speci-
fic study)efforts of one year or less (Mississippi Marine Conservation Commis-
sion 1973).

The availability of records and the importance of salinity as an environ-
mental characteristic have resulted in a broad knowledge of salinity condi-
tions in the Mississippi Deltaic Plain Region estuaries. Area-wide conditions
have been documented through various studies, including the cooperative Gulf
of Mexico estuarine inventories for Louisiana (Louisiana Wildlife and Fisher-
ies Commission 1971) and Mississippi (Mississippi Marine Conservation Commis-
sion 1973), and geologic and hydrologic studies of coastal Louisiana (Gagliano
et al. 1970b, 1970c; Chabreck 1972, Eleuterius 1976b; Barrett et al. 1978).

In most cases, information is treated by hydrologic unit and summarized in
terms of statistical parameters or average location of isohalines. In some
cases, salinity is related to flow patterns, such as in Mississippi Sound
(Eleuterius 1976b). Summaries include treatments on a seasonal basis or
according to specific annual climatic conditions, such as relatively dry or
wet years. These summaries have greatly facilitated the use of salinity data
for management purposes, such as assessment of the need for additional fresh
water to obtain a more desirable salinity regime for oyster production and fur
trapp;ng in each of the hydrologic units of coastal Louisiana (Gagliano et al.
1972a).

Long-term salinity changes have been the subject of limited investiga-
tion, although data for this purpose are available for all hydrologic units
except Mississippi Sound and ancillary bays. Long-term weekly averages for
stations in Barataria Bay were analyzed by Byrne et al. (1976). A comparison
of averaged weekly means for two periods, 1956-1974 and 1961-1974, revealed a
probable increase in salinity due to increased tidal storage. These same data
give a good indication of seasonal differences and variability within the
estuary. Cn a shorter-term basis, similar information is provided for all
Louisiana estuaries by Barrett et al. (1978).

Annual salinity statistics for the period 1940-1965 (Gagliano et al.
1970d, 1973) allow visual inspection of annual variation and long-term trends
at all monitoring stations maintained by the USACE. Graphic display of the
data permits grouping of stations as well as years according to salinity
regime, and illustrates the difficulty of determining trends because of cyclic
or longer-term variation.

An indirect but important source of information about long-term trends

and distribution of salinity values throughout the Region is found in the suc-
cessive vegetation distributions compiled by Chabreck (1972, 1979). The
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location of isohalines is difficult to establish on the basis of salinity data
alone because recording stations are widely spaced and many are located on
channels that serve both freshwater drainage and saltwater intrusion. Thus,
vegetation boundaries can significantly aid in interpolation between stations.

Water quality parameters other than salinity that have been monitored for
a number of years on at least a monthly basis are temperature, dissolved oxy-
gen, turbidity, and nutrients including nitrates, phosphates, and total phos-
phorus. Major data sources for these parameters are the annual USGS water
resources data reports and the cooperative Gulf of Mexico estuarine inventory
and study reports for Louisiana and Mississippi (Louisiana Wildlife and Fish-
eries Commission 1971, Mississippi Marine Conservation Commission 1973).
Following the initial estuarine inventory, surveys were continued by the
Louisiana Wildlife and Fisheries Commission providing additional data along
transects through the major estuarine systems (Barrett 1978) and for selected
estuarine complexes including Pontchartrain and Vermilion-Atchafalaya Bay.
While caution should be used in assigning average values on the basis of these
data because of the short period of record, the data provide valuable informa-
tion about seasonal trends, gradients normal to the shoreline, differences
between hydrologic units, general nutrient levels, and differences between
years of high and low freshwater inflow. Furthermore, the simultaneous obser-
vations of a large number of parameters allow preliminary and qualitative con-
clu?j%ns of the effects of river discharge and runoff on estuarine water
quality.

NEARSHORE WATERS

Nearshore waters of the Mississippi Deltaic Plain Region constitute a
transitional zone between the marine waters of the Gulf of Mexico and the
estuarine environments of the sounds and bays because of the large quantities
of fresh waters that are discharged by the Mississippi and Atchafalaya Rivers.
The effects of these discharges on temperature, salinity, and turbidity condi-
tions is most profound in the area westward of the Mississippi Delta because
of predominantly westward currents. Off the Barataria estuary, this effect is
reinforced by the presence of a circulation gyre tending to trap Mississippi
River water within the nearshore area. Freshwater discharge from the
Barataria and Timbalier estuaries exerts additional influence on the nearshore
water mass.

To the east of the Mississippi Delta, similar processes contribute to
modification of marine conditions in nearshore waters, but, because of west-
erly currents, these conditions are less dominated by Mississippi River dis-
charge. Important seasonal contributions of fresh and low salinity water come
from the Pontchartrain Basin, the Pearl and Pascagoula Rivers, and, to some
extent, Mobile Bay.

A number of studies have dealt with the seasonal variation of salinities
as a result of freshwater discharges and the movement of fresh or less saline
waters in the nearshore zone. Area-wide salinity and temperature measurements
of surface water were made on a monthly basis during the 1960s by the Gulf
Coast Research Laboratory, Ocean Springs, Mississippi (Drennan 1963) and the
Bureau of Commercial Fisheries, U.S. Department of Interior (USDI). These
data were summarized in atlas format by Gagliano et al. (1970b, c) with maps
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showing the seasonal variation in salinity gradients and isohaline positions
as related to river and estuarine discharges for 1964-1965 conditions.

Subsequent studies, in particular those dealing with the Louisiana Off-
shore 0i1 Port (LOOP), have further detailed water mass and circulation char-
acteristics immediately to the west of the Mississippi Delta (Wiseman et al.
1975); ecological investigations by the Gulf Universities Research Consortium
have recently focused on nearshore waters adjacent to the Timbalier estuary
and westward of the LOOP area (Gulf Universities Research Consortium 1975).
The studies by Wiseman et al. (1975) substantiated the transitional nature of
the nearshore waters, showing a mixing of warm saline water, cold saline water,
and fresh water with a seasonally varying temperature. A vertical structure
of the water column was also shown by these studies, i.e., a distinct halo-
cline marks the boundary between saline Gulf waters and brackish coastal
waters. In the area off Timbalier Bay, Oetking (1974) showed this density
stratification to exist from winter through summer, with greatest vertical
salinity variation during high Mississippi River discharges. Density strati-
fication as a result of high river discharge has been shown to contribute to
oxygen depletion in both the area influenced by Mississippi River discharge
(Brent and Oetking 1974) and the area influenced by discharge from the Mobile
Bay system (Schroeder 1977).

While salinity and temperature information is most comprehensive, other
hydrologic parameters have received attention related to the importance of
nearshore water for fisheries. Monthly sampling by the Louisiana Department of
Wildlife and Fisheries (Barrett et al. 1978) included a nearshore station
which provided information on basic nutrient levels and turbidities from 1974-
1976 in each of Louisiana's hydrologic units. Happ et al. (1978) studied
organic carbon enrichment of nearshore water off Barataria Bay in comparison
with the contribution from estuarine water. Similar observations were made
during a study of Timbalier Bay by Brent et al. (1975).

INFORMATION DEFICIENCIES

Review of current information concerning hydrology of the Mississippi
Deltaic Plain Region indicates that, despite collection of vast quantities of
data, understanding of the hydrologic regime has remained very limited. This
is particularly true with regard to 1) the functional relationships between
driving forces and hydrologic characteristics, and 2) the characterization of
internal hydrologic processes in terms of the ecology of the Region. As a
result, it is difficult to determine to what extent available descriptive and
quantitative data collected through a multitude of short-duration studies can
be considered representative for a given area, or to what extent findings in
a given area are likely to be applicable to similar environments in other
parts of the Region for use as management principles.

Although stage, flow, and water quality data exist for most streams
entering the Mississippi Deltaic Plain Region, only in a few cases have these
data been summarized in a form from which their influence on the Region's eco-
system can be determined. Lack of summarized information about water and
materials delivered to the Region's wetlands estuaries through local runoff
and waste discharge allows only preliminary and qualitative conclusions regard-
ing observed or expected water quality changes. This insufficiency is
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more disturbing when one considers that maintenance of the Deltaic Plain as a
renewable resource is increasingly dependent on managed introduction of fresh
water and materials. Present knowledge of freshwater inflows is sufficient
for this task, as is knowledge concerning management needs and results to be
expected from the management of freshwater flows.

Summarized information about freshwater introduction from precipitation
and resultant overland runoff is also needed. While relationships between
runoff and water salinities have been studied on a statistical basis, the
importance of retention of fresh water to abate saltwater intrusion requires
additional information about rates of runoff, mixing, and the effects of
canals and navigation channels.

The delta-building cycle has been identified as a basis for hydrologic
change of the estuarine and wetland environments of southeastern Louisiana.
Its importance with regard to environmental change has only been assessed in
qualitative terms however. No detailed information is available concerning
the effect of the cycle on tidal storage volume, related water exchange
between the estuaries and the Gulf of Mexico, and associated changes in circu-
lation and water quality regimes.

Present knowledge about marine processes remains inadequate. While con-
siderable progress has been made in the identification of these processes and
their importance in the immediate vicinity of the Mississippi Delta, a large
void remains in the data available for tide-induced circulation in the major
estuaries and the exchange of water between the Gulf of Mexico and the estu-
arine environment. Little is known in particular about the role of the
remaining barrier islands and associated tidal passes relative to marine
influences on the estuarine environment, or about littoral currents and asso-
ciated material transport controlling rapid chanoe of those islands.

Information about socioeconomic processes as a driving force reveals
major needs for additional information concerning the individual and cumula-
tive impacts of the major activities in the coastal zone. These information
deficiencies include the effects of oil and gas canals on water levels, circu-
lation, and water quality of the wetland environment; the effect of weirs on
circulation and sediment transport relative to wetland maintenance; and the
effects of agricultural development and associated drainage on hydrologic con-
ditions in adjacent wetlands. Virtually no information is available about
introduction of waste into the Mississippi Deltaic Plain Region estuaries
through drainage from developed natural levee ridges and adjacent uplands.
Introduction from point sources can be assessed but would require extensive
compilation of information.

The second major area in which current understanding of hydrology of the
Mississippi Deltaic Plain Region is incomplete is that of the temporal, spa-
tial, and dynamic aspects of hydrologic processes and their relation to habi-
tat distribution, function, and change.

Seasonal flooding of swamps and bottomland hardwoods is recognized as a
key factor in the biological productivity of these systems and of adjacent
aquatic environments. The structure and function of these ecosystems are tied
to flooding characteristics, including hydroperiod and the timing, intensity,
and frequency of flooding. These factors, in turn, vary with the source of

59



water and relative importance and timing of local rainfall and external
streamflow. Directly related to the annual flooding is the input and export
of nutrients and the deposition of sediments affecting habitat changes and
influencing the nutrient budget.

While investigation of the ecological relationships associated with flood-
ing has begun (Day et al. 1977, Wells and Demas 1977, Hern and Lambou 1978,
van Beek et al. 1978), these studies have mainly identified the importance of
the annual overflow and dewatering function and the role of overflow variables.
At present, a number of hydrologic factors remain insufficiently studied to
allow qualified statements of hydrologic management principles. These factors
include the importance of circulation characteristics in terms of dissolved
oxygen levels, the role of annual dewatering of the swamp floor with regard to
decomposition of organic materials, the contribution of the swamps to the
annual water budget, and plant succession as related to changes in the hydro-
logic regime.

Within the marsh and aquatic habitats of the estuarine complexes of the
Mississippi Deltaic Plain Region, functional linkages involving the hydrologic
regime are understood only in a general way. The most apparent lack of infor-
mation within the estuarine complex concerns the movement of water through the
wetlands, the exchange between wetlands and bays, the circulation within the
bays and sounds, and the exchange between the Gulf and estuaries. Such knowl-
edge of net and short-term rates and directions of water movement is a
requirement for dealing effectively with management of the Mississippi Deltaic
Plain Region through freshwater introduction, with determination of contribu-
tions by the wetlands to the aquatic environment, with function of the wet-
lands as a buffer zone between uplands and the estuarine waters, with migra-
tion of aquatic biota, and with many other functional considerations.

A second major deficiency in hydrologic information is the relationship
between changes in hydrologic regime and changes in habitat, in particular the
loss of wetlands. While causes for wetland losses have been identified in
general, hydrologic processes involved in these changes have been little stud-
ied. No information is available, for example, on the areal extent and spe-
cific nature of spoil bank and canalization effects, on limiting factors that
determine when fresh or brackish marsh will be Tost or will succeed into more
saline communities, or on the exact nature of hydrologic changes that occur
during evolution of the delta cycle.

In the Region's coastal waters, including Mississippi and Breton-
Chandeleur Sounds, there is a shortage of information on both hydrologic char-
acteristics and functional relationships. Major missing elements, except for
the area adjacent to Barataria Bay, are temporal and spatial characteristics
of tidal-, wave-, and wind-driven circulation and the seasonal changes in
water quality as related to discharges from rivers and estuaries. Particu-
larly disconcerting are the data gaps regarding the extent and nature of
Atchafalaya River discharge effects on the western portion of the Region and
the lack of background data, such as seasonal salinity and temperature distri-
butions, in Chandeleur-Breton Sound. These two areas represent a major part
of the Region's coastal waters and involve an equally large part of associated
fisheries resources.
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Related to the lack of basic information concerning the nearshore waters
is the limited knowledge of interaction between the nearshore and estuarine
components of the ecosystem throuah exchange of water and associated materials.
Such interaction not only involves the enrichment of nearshore waters through
nutrient export from the estuaries, but also the discharge of pollutants from
the Mississippi River into the estuarine environment through mixing with near-
shore waters and subsequent tidal exchange. Evaluation of these and similar
water quality factors requires a much more thorough knowledge of nearshore
circulation and mixing processes.

In summary, lack of data about the hydrology of the Mississippi Deltaic
Plain Region can be assessed as follows. Through long-term measurement pro-
grams of State and Federal agencies, researchers have obtained a rudimentary
knowledge of seasonal variation and spatial patterns of basic water quality
parameters such as salinity, temperature, and some nutrients. Short-term,
site-specific studies by public and private institutions have refined this
knowledge in some areas such as Mississippi Sound, Barataria Bay, and in the
coastal waters adjacent to the Mississippi Delta. Dynamic aspects of
Mississippi Deltaic Plain Region hydrology have been studied to a much lesser
extent, and are mostly limited to river discharges, circulation in Barataria
Bay and adjacent coastal waters, and water levels in Barataria Bay and the
Atchafalaya Basin. Almost a total void exists in the understanding of func-
tiomal relationships between hydrologic components of the Mississippi Deltaic
Plain Region and between hydrologic processes and the ecosystem. Exceptions
are a limited number of studies concerning nutrient export, water salinities
and freshwater inflow, annual flooding of swamp forests, and relationships
between overflow and water quality of river and swamp waters.

RECOMMENDATIONS

The acceleration of adverse chanage in the Mississippi Deltaic Plain
Region's ecosystem in recent years makes it increasingly urgent that future
research concerning hydrology of the area be coordinated and focused on the
protection, restoration, and management of the area's natural resources. For
this reason, future research should emphasize the function of hydrology in the
Region's ecosystem and the relationships between ecosystem differentiation and
hydrologic structure.

Various habitats should be defined precisely with regard to rate of water
movement; flooding characteristics including frequency, duration, time, and
depth of flooding; and 1imiting conditions such as water quality, ponding, and
dewatering. Only when relationships between biological communities and the
hydrologic regime are better known can hydrologic management objectives be
defined.

Circulation through wetlands should be studied relative to rate of water
movement, retention time, and water quality change. These aspects are impor-
tant for determining minimally needed width of buffer zones between uplands
and aquatic systems, in evaluating the effect of canals in routing freshwater
runoff, in determining materials transport and exchange between adjacent sys-
tems, and in defining management principles for location and rate of fresh-
water introduction.
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Studies should be undertaken to define circulation patterns in each of
the major estuaries and the nearshore Gulf waters relative to current pat-
terns, water exchange, and mixing. This information is crucial to the plan-
ning of freshwater introduction projects to abate increasing water salinity
levels, and in view of the susceptibility of the Region's estuaries to severe
damage from a major oil spill or point source waste discharge.

Future studies should attempt to delineate functional relationships
between hydrologic processes and Mississippi Deltaic Plain Region morphology
relative to loss of wetlands, management of deltaic sedimentation processes
for wetland development, and management of barrier islands.

The above recommendations involve two types of data acquisition: site
specific studies and long-term regional monitoring. Site specific studies are
primarily needed to delineate function and relative importance of hydrologic
parameters in controlling habitat characteristics and change and to define
goals and measures for management of hydrologic conditions. Secondly, site-
specific studies should serve, in combination with existing information, as a
basis for determining long-term monitoring needs relative to station locations
and type of data to be collected. The present network of gauging and record-
ing stations has developed historically in response to needs for flood pro-
tection, navigation, and domestic and industrial water supply. The need for
management of the Region's wetland-related resources has added a new dimension
that must be fully acknowledged through expansion or modification of present
data acquisition programs.
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