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PREFACE

The purpose of this narrative report was to summarize existing information about
the biology, hydrology, geology, and socioeconomics of the Mississippi Deltaic Plain
Region in a framework that would both characterize the region and provide a basis for
future research.

This report was designed to complement the companion technical report that pro-
vides detailed quantitative descriptions of the major ecological habitats of the
Mississippli Deltaic Plain Region. Together the two volumes provide both general
descriptions and detailed data on the region.

Any questions or comments about or requests for this publication should be
directed to:

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

Slidell, LA 70458
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INTRODUCTION

OVERVIEW

The Mississippi Deltaic Plain Re-
gion (MDPR) of southeastern Louisiana
and Mississippi includes the 3,400,000
ha (8,398,000 acres) result of 7,000
years of sediment accretion on the
northern Gulf of Mexico Continental
Shelf between about Longitude 88 and 92
degrees W.

This report is a descriptive nar-
rative aimed at characterizing the
region's ecology and its environmental
problems. A companion technical report
(Costanza et al, 1983) was also prepared
that includes more detailed quantitative
descriptions of the major ecological
habitats of the region. The data col-
lected in the technical report are
intended to serve as a data base for
addressing specific environmental man-
agement questions. This narrative
report summarizes: (1) the major classes
of environmental problems, their complex
origins and interdependencies; (2) the
natural systems of the region, their
histories, structure, and function;
(3) the recommendations that have been
proposed to deal with the environmental
problems of the region; and (4) how the
data base assembled in the technical
report might help in dealing with these
problems more rationally.

Much of the descriptive summary on
the  MDPR presented in this narrative
report will be familiar to some readers,
but it was included so that readers with
diverse backgrounds could obtain the
framework necessary to understand the
region and its problems.

BACKGROUND AND ORGANIZATION

The National Coastal Ecosystems
Team of the U.S. Fish and Wildlife Ser-
vice (Department of the Interior) has
completed the ecological characteriza-
tion and syntheses of several coastal
regions (e.g., Gosselink et al, 1979;
Procter et al. 1980). This report is a
part of a similar effort for the Mis-

sissippi Deltaic Plain Region (MDPR).
Characterization studies review all
relevant existing information about
particular coastal regions and synthe-
size this information to provide a basis
for informad management. The technical
report (Costanza et al. 1983) is orga-
nized around a series of quantitative,
hierarchically nested descriptive models
at three levels of resolution: (1) the
overall region, (2) the seven hydrologic
units of which the region is composed,
and (3) 20 habitats that have been
identified as important in the various
hydrologic units (Figure 1). The models
illustrate (and quantify to the extent
possible) the major physical and bio-
logical processes and interactions that.
occur at each level of resolution.

To facilitate cross-referencing
between the technical and narrative
reports, both documents are similarly
organized, incorporating three levels of
geographic resolution: region, hydro-
logic unit, and habitat. The habitat
level is the most detailed, and each
habitat 1is described as a system of
interconnected physical components and
organisms. The hydrologic unit level is
intermediate, with each unit presented
as a system of habitats interconnected
by flows of water, dissolved and sus-
pended inorganic and organic matter, and
organisms. Each hydrologic wunit is
driven by physical and socioceconomic
inputs. The broadest level of resolu-
tion is the entire MDPR. At this level,
interactions among hydrologic units are
examined, with socioeconomic and geo-
logical forces of paramount interest.

As a complement to the models, this
report describes the MDPR, its habitats,
and its hydrologic units. The narrative
also provides additional information
that is not included in the technical
report. The descriptions are intended
to interpret and summarize the data in
the technical report. The narrative
report also contains generalized man-
agement recommendations based on infor-
mation developed 1in both documents.
Analysis of the data base and applica-
tions to specific management questions
have yet to be completed, however. Each
report is intended to be useful inde-
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pendently of the other, but the two
documents are designed to be comple-
mentary.

USES OF THIS STUDY AND OBJECTIVES

The primary users of this document
include all those interested in the
study area, particularly coastal zone
managers and other decisionmakers in
Louisiana and Mississippi charged with
regulating coastal zone activities. Such
persons routinely face the difficult
task of recommending specific courses
of action that will maximize long-term
benefits but minimize the adverse envi-
ronmental effects that inevitably ac-
company most socioeconomic activities in
the coastal zone. Environmental impacts
vary widely in kind, time, and conse-
quences. Many cultural impacts on the
coastal zone may go unrecognized because
of our incomplete understanding of the
functioning of ecosystems. Some activ-
ities, like canal dredging in wetlands,
have produced cumulative adverse effects
that have 1increased over time. The
systems approach used in this report may
improve our understanding of this situ-
ation.

Many habitats in the MDPR overlie
rich deposits of nonrenewable resources,
especially petroleum and natural gas.
The immediate economic value of devel-
oping these resources has overshadowed
long-term ecological values, which have
been for the most part wunquantified.
Effective management has been hindered
because environmental impacts are not
usually stated in units commensurable
with economic benefits. Management
priorities, an assessment of the trade-
offs between the competing uses of
resources, and the evaluation of socio-
economic and 'natural"™ processes in
common units are all implicit objectives
of the specific data collection method-
ology presented in the technical report
and summarized here.

MAJOR ISSUES

During the last two centuries,
coastal regions in the United States

have undergone dramatic changes that
include: (1) land clearing and develop-
ment; (2) impoundment and draining of
wetlands; (3) construction of flood
control structures; (4) dredging activi-
ties; (5) freshwater diversions; (6)
pollution of many kinds, from point and
non-point sources; (7) introduction of
exotic pests; and (8) harvest pressure
on coastal fish and wildlife. We have
at present only a rudimentary under-
standing of the significance of most of
these changes.

Some representative issues relevant
to the MDPR are listed below, divided
into groups according to the spatial
scale of their impact.

Regional Level

1. Wetland loss. The conversion of
wetland habitats to open water is ac-
celerating in much of the MDPR. _ The
present rate is estimated at 100 km*/ yr
or 40 miZ/yr (Gagliano et al. 1981).
This loss 1is the result of interrelated
processes both natural and cultural,
including worldwide sea level rise, ero-
sion from dredging projects, Mississippi
River entrainment, subsidence, saltwater
intrusion, and the sediment starvation
of marshlands.

2. River switching. The Atchafa-
laya River is currently poised to divert
much of the flow of the Mississippi,
with potentially major consequences for
the economic structure of the region.

3. Industrial pollution. Water and
air quality and chemical waste disposal
are major issues in the MDPR, which in-
cludes petrochemical and port facilities
that are among the most active in the
world.

Hydrologic Unit Level

1. Role of wetlands in fishery pro-

duction. Fishery production in the MDPR

is believed to be dependent on organic
matter produced in wetland habitats.
Differences in wetland habitat composi-
tion among hydrologic units may be



reflected in fishery harvest differences
among hydrologic units. Harvest data,
however, are lacking or of poor quality.
The development of quantitative data on
carbon flow through hydrologic units
should be a major objective of current
research.

2. Hydrologic modifications. Cul-
tural changes (e.g., canal construction,
spoil bank and levee construction, and
impoundments) disrupt the hydrology that
integrates coastal ecosystems. The
cumulative effects of hydrologic alter-
ations are most apparent at the hydro-
logic unit level,

3. Water quality. Eutrophication
and the introduction of toxic substances
affect water quality throughout some
hydrologic units., The optimal manage-
ment of water quality requires knowledge
about the fates and effects of nutrients
and toxic substances.

4, Saltwater intrusion. Hydrologic
modifications and natural processes have
allowed the landward progression of
isohalines in many of the drainage
basins, resulting in loss of habitat and
municipal water supply problems.,

Habitat Level

1. Human-introduced stresses. Many
cultural processes disturb specific
habitats. A marsh area may be suble-
thally stressed by partial impoundment;
a body of open water may be made eutro-
phic; or the soil in an agricultural
habitat may be depleted of organic
matter.,

2. Estimation of resource produc-
tivity and value. The economy of the
MDPR benefits from and depends upon the
products and services of various habi-
tats. Better estimates of the rates and
value of ecological production from each
habitat are needed.

AN ALTERNATIVE APPROACH TO
ENVIRONMENTAL MANAGEMENT

The problem of environmental man-
agement was eloquently summarized by

Garret Hardin (1968) in his essay, "The
Tragedy of the Commons." Many important
environmental components are 'common
property resources,'" for which an indi-
vidual's cost and benefit calculations
often differ from the costs and benefits
to society as a whole. Hardin presented
a parable in which shepherds using a
commonly owned pasture could be expected
to increase the size of their flocks
based on their independent cost~benefit
calculations until the 1land would no
longer support grazing and the common
property resource was destroyed., The
moral is that avoiding environmental
degradation requires a system of social
control., Government performs this func-
tion either through regulations (e.g.,
limiting the number of fish harvested
under penalty of fines and imprison-
ment); or through taxes and subsidies
(e.g., taxing each additional fish
caught according to its marginal social
cost, or rewarding each fisherman for
limiting his harvest).

Environmental management in the
United States, as in most countries, has
employed the regulatory approach almost
exclusively., Some advocate a tax and
subsidy approach, however, since it
would mesh more easily with the existing
market system, It would allow indi-
viduals to continue to make their own
decisions, while making them economi-
cally aware of the full social costs of
their alternative courses of action
(Page 1977). To be effective, either
the regulatory or the tax and subsidy
approach to environmental management
requires accurate information on the
magnitudes of the social costs involved
and how they differ from private costs.

Environmentalists have been wary of
assigning economic value to environ-
mental resources (such as an acre of
salt marsh) mainly because they perceive
that the standard economic methods for
deriving these values consistently
underestimate their worth (Gosselink et
al. 1974). Some have, instead, taken
the extreme position that environmental
resources are "priceless" or of infinite
value. Many of our existing environ-
mental regulations reflect this atti-
tude, which may have fostered the
current scrutiny of such regulations as



the Clean Air and Clean Water Acts.
Business interests have taken the oppo-
site position, that environmental re-
sources are non-essential luxuries that
can be sacrificed (at no cost) when
necessary to stimulate economic growth,
What is needed is the general recogni-
tion that neither extreme is accurate.

Economists term the process of
calculating the hidden social costs of
an activity '"shadow pricing." Shadow
prices are those that would prevail if
private and social costs coincided
exactly. Since current Western economic
theory takes preferences as given,
economists are most comfortable calcu-
lating shadow prices by asking people
(directly or indirectly) to reveal their
preferences for environmental goods and
services (Batie and Shabman 1979). This
approach does not work, however, if
people are not aware of the consequences
to their own welfare of the alternative
allocations of environmental resources,
Just as a child is unaware of the social
implications of its behavior and must be
instructed, most people are unaware of
the larger social-ecological implica-
tions of resource-use decisions, Their
uninformed preferences therefore cannot
be taken too seriously as measures of
the true shadow price.

One approach to this problem is to
educate people about the workings of the

environment on their behalf, so that
their preferences will better reflect
the real situation., An alternative ap-
proach involves the creation of explicit
mathematical models of the physical
interdependence between ecological and
economic systems (Odum 1978; Costanza
1980; Costanza and Neill 198la, 1981b).
These models can incorporate the best
available information on the implica-
tions of resource use decisions. The
model results can be communicated to the
public in the form of taxes and subsi-
dies based on the calculated shadow
prices, or they may be wused to set
standards for regulations.

As shown in the accompanying tech-
nical report, a major portion of this
characterization study was devoted to
developing data in the form of quanti-
fied flow diagrams and input-output
tables for the three levels of organi-
zation of the MDPR. This laborious task
was necessary to provide information on
the workings of the MDPR environment,
and the means to calculate the func-
tional value of each habitat, hydrologic
unit, and the entire MDPR. The collec-
tion and documentation of a suitable
data base have been completed (Costanza
et al. 1983). It should be noted, how-
ever, that, at present, analysis of the
data and calculation of environmental
impacts and values are incomplete.



DESCRIPTION OF THE MDPR

The study area is the seaward por-
tion of the deltaic system that was pro-
duced from the coastal deposition of
sediments by the Mississippi River dur-
ing the last 7,000 years since worldwide
sea level rose to about its present
level, The boundary of the MDPR, as
defined for this study, 1is shown in
Figure 2 as comprising seven hydrologic
units: I. Mississippi Sound, II. Pont-
chartrain, III, Mississippi River Delta,
IV, Barataria, V, Terrebonne, VI. Atcha-
falaya, and VII, Vermilion.

The study area extends from the
western side of Vermilion Bay in Lou-
isiana to the Mississippi-Alabama state
line. The inland boundary is the offi-
cial Coastal Zone Boundary in Louisiana
as defined in the State and Local
Coastal Resources Management Act of 1978
and by the 15-ft contour line in Mis-
‘sissippi. The offshore boundary is the
three-mile limit.

The MDPR includes the largest ac-
tive delta system, the most productive
inshore and nearshore fishery areas, one
of the largest concentrations of oil and
natural gas, and one of the most active
port systems in North America (the New
Orleans-Baton Rouge corridor of the
Mississippi River). It also 1includes
the largest contiguous area of coastal
wetlands in the country. Forty percent
of the coastal wetlands ia the United
States are in the Mississippi Deltaic
Plain and the Chenier Plain to the west,
with the largest portion in the former
(Gosselink et al. 1979). The wetland
habitats in this ©broad region are
changing to open water at a rapid rate,
and most of this change has occurred
within the MDPR., The region's geologi-
cally dynamic nature, acknowledged bio-
logical productivity, intense economic
activity, and vulnerability to human
impacts create a challenge to resource
managers.

The Holocene, or Recent Deltaic
Plain of the Mississippi River, as de-
fined by geomorphologists, includes the

area shown 1in Figure 3: the lower del-
taic plain fringing the coast; the
active deltaic plain, 1limited to the
leveed flood plains of the Mississippi
and Atchafalaya Rivers; the abandoned
deltaic plain, which 1includes a large
portion of the alluvial valley of the
Mississippi; and the subaqueous delta,
some of which was formerly above water
and some of which is presently forming,
The complete Recent delta extends inland
to the Pleistocene Terrace, an ancient
shoreline, The MDPR study area is thus
limited to about two-thirds of the total
deltaic plain in Louisiana, while the
Mississippi portion of the MDPR 1is
actually outside the deltaic plain.

THE PHYSICAL SETTING

The present extent of the MDPR is
the result of the physical and biologi-
cal processes that have acted upon it
throughout its history, processes that
include interacting geological, hydro-
logical, and climatological forces.

Geology

Geologically, the MDPR is a large,
crescent-shaped, thick lobe of silts and
sands derived from the drainage basin of
the Mississippi River system, which
includes about 407 of the area of the
lower 48 States. The single most impor-
tant geologic influence throughout the
MDPR is the Mississippi River, which has
supplied the sediment to sustain the
region in an approximate balance between
erosion and accretion, The entire region
is composed of fine-grained sedimentary
deposits, and these deposits are pro-
gressively thicker in a seaward direc-
tion.

The Recent geologic development of
the MDPR occurred during the period of
rising sea level following the Pleisto-
cene epoch. There is disagreement about
the time at which the sea level began
rising, and when 1its rate of increase
declined, but one estimate is 1illus-
trated in Figure 4.

Sea level worldwide rose rapidly,
beginning about 18,000 years ago, after
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a long period when the level of the
world's oceans was almost 100 m (300 ft)
lower than it is today. While sea level
was low, a gigantic trough (the Missis-
sippi Trench) was eroded offshore of the
present MDPR, across the Prairie Terrace

Formation (the present Continental
Shelf). As melting continental glaciers
caused sea level to rise, riverborne

sediments from the Mississippi drainage
began filling the trench, and the modern
deltaic plain began to develop. The
rate of increase in sea level gradually
diminished until sometime between 3,000
to 5,000 B.,P., when it stabilized at
nearly its present level (see Figure 4).

During the period when sea level
was rising, and since 1its relative sta-
bilization, river sediment has been
deposited along the nearshore portion of
the Continental Shelf, The magnitude of
this riverine transport can be appre-
ciated by multiplying the annual sedi-
ment load of the river, about 142
million metric tons/yr (Roberts et al,
1980) by the 7,000 years during which
the MDPR has been building.

A key element in the geologic
development of the MDPR has been the
process of river diversion (Kolb and Van
Lopik 1958; Frazier 1967). About once
every 700 to 1000 years, the main flow
has been partially diverted, probably
during a major flood, to a shorter,
steeper path to the Gulf of Mexico. In
each case, the new path gradually cap-
tured the majority of the flow and began
to build its own delta lobe. It is gen—
erally agreed that there have been about
seven major changes in stream dominance
during the past 5,000 years (Frazier
1967), resulting in the production of a
series of delta lobes (Figure 5)., In
the area surrounding the dominant
stream, sediments accumulated over time,
first forming shallow bays, then inter-
tidal flats with higher natural levees
adjacent to the channel margins.

The intertidal flats were colonized
by a variety of freshwater wetland
plants such as cattails, arrowhead, and
bulltongue. These plants augmented the
deposition of more sediment, forming
true subaerial land, which was colonized
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by woody plants, 1like willows. The
highest levees and stranded beach ridges
from reworked sediments were colonized
by upland vegetation.

The steps by which a delta system
forms in the MDPR are currently being
quantified in detail by monitoring the
formation of the emerging Atchafalaya
Delta in Atchafalaya Bay (e.g., Roberts
et al, 1980)., In an active delta, sed-
iments come directly from the river,
primarily during spring floods. Land is
built in three ways, as can be seen in

the newly-forming Atchafalaya system.
The delta aggrades as sediments are
deposited 1in shallow coastal waters

(Roberts et al. 1980). Deposition may
occur on older deteriorating peripheral
marshes as turbid waters flow over them,
Such 1nfilling is taking place in the
marshes adjacent to Atchafalaya Bay
(Baumann and Adams 1982). Downdrift to
the west of an active delta can induce
coastline accretion as fine sediments
are deposited. Recent accretion along
the Chenier Plain coast is an example of
this process (Wells and Kemp 1981).

Although the rate of worldwide sea
level increase slowed about 3,000 to
5,000 years ago (Emery and Uchupi 1972),
sea level has not remained static.
Average annual sea level along the U.S.
coast has been rising over the past four
decades at a rate of about 1.3 cm/decade
(Hicks 1981). 1In comparison, apparent
sea level rise from tide gauge measure-
ments along the MDPR coast is about an
order of magnitude greater than this
figure (over 1 cm/yr or 0.4 in/yr).
Most of this anomaly is attributable to
subsidence in coastal wetlands (Swanson
and Thurlow 1973).

Coastal submergence critically in-
fluences the future of the MDPR because
of 1its effects on coastal wetlands,
Subsidence in the MDPR can be attributed
to three interacting factors: (l) crus-
tal downwarping and associated tectonic
processes, (2) compaction of sediments,
and (3) sediment dewatering 