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PREFACE

Coastal Alabama, comprising Mobile and
Baldwin Counties and adjacent waters, is an
important industrial, recreational, and sea-
food production area in the northern Gulf of
Mexico. Contributing factors to its present
status include the development of a large port
facility and industrial complex, abundant na-
tural resources, numerous recreational oppor-
tunities, a substantial transportation network
including highways, railroads, and the intra-
coastal waterway and significant estuarine
areas that produce an abundance of seafood.
These conditions, enhanced by discoveries of
gas and oil in and around Mobile Bay, the
development of state-owned and outer
continental shelf fossil fuel reserves, and
the completion of the Tennessee-Tombigbee
Waterway, should provide a prosperous
future for this area and Alabama.

Continued urban and industrial expan-
sion in coastal Alabama will necessarily place
increased demands on the natural resources of
Mobile and Baldwin Counties. One habitat
that could be adversely affected by this
growth, especially in the immediate coastal
area, is the estuary. Estuaries are extremely
important to Alabama for several reasons.
They provide a nursery ground for many
sport and commercial species of animals upon
which the seafood industry and sizeable
recreational and tourism businesses depend.
Estuaries offer a unique habitat for many
species of plants and animals that otherwise
would not exist in Alabama. Many residents
and nonresidents travel to coastal Alabama
just to observe these organisms annually,
particularly the spring bird migration. One
vital but nevertheless often overlooked role of
estuaries is waste assimilation.” Microscopic
organisms collectively known as decomposers

iii

chemically break down both organic and
inorganic natural and manmade products in
the estuary to release essential nutrients that
are reused and cycled by estuarine plants and
animals including man. Failure to recognize
the ecological and hence the economic
significance of estuaries in Mobile and Bald-
win Counties and to protect their integrity
during future growth could result in their
irretrievable modification or elimination from
Alabama shores.

Recognizing the need for comprehensive
resource planning, the U.S. Fish and Wildlife
Service initiated the ecological characteriza-
tion program for selected coastal areas of the
United States. These programs, by analyzing
all available environmental and socioeconomic
data, attempt to describe the important com-
ponents of coastal ecosystems and the forces
that control their internal processes. Recogni-
tion of the physical, chemical, and biological
systems that exist in our coastal areas and the
relationships between them should provide
State and local planners, industry, and inter-
ested citizens with vital information necessary
to conscientiously manage these areas to the
future benefit of all who reside there. Copies
of this report may be obtained by writing to
either of the following addresses:

Information Transfer Specialist
U.S. Fish and Wildlife Service
National Coastal Ecosystems Team
1010 Gause Boulevard

Slidell, Louisiana 70458

Geological Survey of Alabama
Publications Sales Office

P.O. Drawer O

University, Alabama 35486



SUMMARY

Coastal Alabama contains a variety of
natural resources that have contributed to the
development of this area into an important
industrial, shipping, commercial fishing, and
recreational center in the northern Gulf of
Mexico. As growth continues, however,
supplies of some of these finite resources will
diminish in both quality and quantity. Future
efficient utilization of these remaining sup-
plies is essential, therefore, and will require
conscientious planning by government offi-
cials, industry, and local citizens.

The purpose of this report is to summa-
rize all available information on the natural
resources of coastal Alabama. Data included
herein will be used by the U.S. Fish and
Wildlife Service and Bureau of Land Manage-
ment, Quter Continental Shelf (OCS) office
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to plan for the development of outer conti-
nental shelf oil and gas reserves offshore of
Alabama.

The report is divided into two sections.
The first section contains a detailed descrip-
tion of the geology and geography, hydrol-
ogy, climate, plant and animal life, and
threatened and endangered species of coastal
Alabama. The second section of the report
presents a conceptual model and supporting
text on four natural ecosystems (freshwater,
upland terrestrial, estuarine, and continental
shelf) and two manipulated (urban-industrial
and agricultural) systems in Mobile and
Baldwin Counties. Also included are individ-
ual models for the estuarine ecosystem and
one of its components, the marsh.
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INTRODUCTION

Coastal Alabama is composed of Mobile
and Baldwin Counties and associated State
waters. Although small in area compared to
other gulf states, coastal Alabama possesses a
diverse network of natural and manmade
ecosystems. Four natural ecosystems (coastal
terrestrial, stream and freshwater, estuarine,
and continental shelf) and two developed
(urban-industrial and agricultural) systems
are identified within a simplified model of
energy flow in coastal Alabama (Figure 1).
Climatic energy sources include sunlight,
winds, tides, and precipitation and are collec-
tively known as forcing functions because
they drive ecosystems through energy trans-
formations and transfers. Upstream inputs
include among other things dissolved nutri-
ents, organic matter, sediments, and flow.
Although the urban-industrial and agricultural
systems are controlled in part by natural
ecosystems in the area, they are primarily
subsidized by imported goods and services.
Examples of these energy sources include
fossil fuels, fertilizers, transportation (cars,
trucks, ships, trains), clothes, pesticides,
paper, foods, and other manufactured prod-
ucts to mention a few. Within each ecosystem
exists a number of interacting components
such as ground water and surface water.

Energy received or produced within a
particular ecosystem may be consumed
wholly or in part by the system or it may be
transferred as an energy input to another
system. As an example, water borne nutrients
in freshwater drain into the estuarine eco-
system where they are partially used or cycled
by plants in their primary productivity role.
Ultimately, some of these nutrients will enter
the continental shelf ecosystem where they
may remain indefinitely or they may be

utilized as food by microscopic plants known
as phytoplankton. Phytoplankton are eaten
by microscopic animals collectively known as
zooplankton and these organisms are in turn
preyed upon by large fishes who are eaten by
larger fishes. Many of these fishes spawn in
the gulf and their larval offspring enter
Alabama estuarine areas to spend the early
stages of their lives. Other transient and
permanent estuarine species actually spawn in
the estuaries proper. During this time, these
organisms are subject to predation by larger
animals, including man, or they may die of
natural causes. In any case, nutrients that
originated from freshwater input were moved
to the estuarine and subsequently the conti-
nental shelf ecosystems, then recycled back
into the estuarine and freshwater ecosystems.
Recognition of these energy utilization and
recycling pathways in each ecosystem affords
a clearer understanding and appreciation
of how adverse environmental impacts may be
received by one system and, in turn, will
affect another,

This report has been organized into two
major sections: (1) a descriptive text on the
geologic, hydrologic, and climatic conditions
of Mobile and Baldwin Counties and (2) an
indepth discussion of the plant and animal life
and endangered species that occur in the area.
The second portion of the paper is devoted to
a synthesis and analysis of the various struc-
tural components of the model shown in
Figure 1. Included within this portion are
more technical descriptive models of the
entire coastal area of Alabama, the estuarine
ecosystem and the marsh component of the
estuary. Indepth discussions of some environ-
mental parameters have been limited due to a
lack of data. Notations of these data deficien-
cies are made in the individual sections.
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GEOLOGY
By Charles W. Copeland
GEOGRAPHY

Coastal Alabama lies within parts of
two major physiographic provinces: the East
Gulf Coastal Plain section of the Coastal Plain
province and the Mississippi-Alabama shelf
section of the Continental Shelf province.
Land areas in coastal Alabama are within the
Southern Pine Hills and the Coastal Lowlands
subdivisions of the East Gulf Coastal Plain
section (Figure 2). Offshore Alabama lies
within the Mississippi-Alabama shelf section
of the Continental Shelf province. Material
presented in this description of the geography
of the coastal area has been modified from
Boone (1974) and Hardin et al. (1976).

SOUTHERN PINE HILLS

The Southern Pine Hills are a moderately
dissected, southward-sloping plain developed
on gravelly sands and clays of Miocene to
Pleistocene age. Sediments of the Miocene
Series, undifferentiated, crop out in the
northern part of the subdivision and sedi-
ments of the Citronelle Formation of Pliocene
age crop out in the southern part.

In coastal Alabama, the Southern Pine
Hills comprise the elevated interfluves be-
tween the Escatawpa, Mobile-Tensaw, and
Perdido Rivers. The Southern Pine Hills range
in altitude from about 30.4 m (100 ft) near
the coast to about 91.4 m (300 ft) in the
northern parts of Mobile and Baldwin Coun-
ties. Relative relief from valley floors to hill
crests is greatest in the northern part of the
counties where stream valleys are incised as
much as 61 m (200 ft). In the southern parts

of Mobile and Baldwin Counties, the topog-
raphy is more subdued and relative relief from
valley floors to hill crests is generally less than
30.4 m (100 ft). Numerous shallow, saucer-
like depressions, which hold water most of
the year, are scattered over the nearly level
interfluves. These depressions are underlain
by compacted clayey sediments in the Citro-
nelle Formation and are more abundant in
Baldwin County.

COASTAL LOWLANDS

The Coastal Lowlands (Figure 2) is an
essentially flat to gently undulating plain
extending along the coast adjacent to Missis-
sippi Sound and along the margins of Mobile,
3on Secour, and Perdido Bays (Cooke 1939).
The Coastal Lowlands merge inland with the
alluvial-deltaic plains of the Mobile-Tensaw
and Perdido fluvial systems and smaller
streams of the area and extend northward
along the Tombigbee and Alabama Rivers.
The lowlands range in altitude from sea level
to about 9.1 m (30 ft) and in width from
almost 0 to approximately 16.1 km (10 mi).
The Coastal Lowlands belt in the alluvial-
deltaic plains of the Mobile and Tensaw
Rivers is from 11.3 to 16.1 km (7 to 10 mi)
wide. To the south, the lowlands undulating
plain along the western side of Mobile Bay
and north shore of Mississippi Sound is from
3.2 to 8 km (2 to 5 mi) in width. On the
eastern side of Mobile Bay between the
Battleship Parkway and Point Clear, the
lowlands is a narrow strip of land from 61 to
305 m (200 to 1,000 ft) in width. From Point
Clear southward, along Mobile Bay and the
margins of Bon Secour Bay, the lowlands strip
is a more pronounced topographic feature
ranging in width from 0.8 to 2.4 km (0.5 to
1.5 mi). Along the southern boundary of
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Figure 2. Physiographic subdivisions of coastal Alabama.



Baldwin County that parallels the Gulf of
Mexico, the Coastal Lowlands subdivision is
from 3.2 to 8 km (2 to 5 mi) in width.

The lowlands are indented by many
tidewater creeks, rivers, and estuaries and are
fringed by tidal marshes, all of which are
subject to inundation at high tide. Fresh-
water swamps border the tidal marshes along
the north side of Mississippi Sound. Alluvial,
deltaic, estuarine, and coastal deposits of
Pleistocene and Holocene age underlie the
Coastal Lowlands.

The Southern Pine Hills and Coastal
Lowlands are separated by erosional escarp-
ments with relief up to 30.4 m (100 ft). The
escarpments generally coincide with the
geologic contacts of resistant Tertiary sedi-
ments with the less resistant Pleistocene and
Holocene sediments that underlie the Coastal
Lowlands. At their seaward margin, the
escarpments are parallel to Mississippi Sound
and the Gulf of Mexico. Throughout the
coastal area and particularly along the eastern
side of Mobile Bay north of Point Clear, the
erosional escarpment is a pronounced topo-
graphic feature. The erosional escarpments
northward from the gulf curve and extend
inland forming subparallel-facing escarpments
that parallel the streams of the area. Carlston
(1950) has interpreted the southern part of
these erosional escarpments as marine wave-
cut scarps of Pamlico (Pleistocene) age.

BARRIER ISLANDS AND SPITS

Dauphin Island, Mobile Point-Fort Mor-
gan peninsula, and Perdido Key are islands or
spits of the Mississippi Sound barrier-island
system and western Florida barrier-spit-and-
island system. Dauphin Island has a broad,
well-developed beach backed by dunes on the
gulf side. Beach and intermittent marsh

backed by dunes occur on the mainland side
of the island. Dunes average 3 to 6 m (10 to
20 ft) in altitude with a maximum of 12.2 m
(40 ft) on the eastern end (Boone 1973).
Dauphin Island is 24.35 km (15.13 mi)
long and varies from 305 to 549 m (1,000 to
1,800 ft) wide across the western sandy spit
to 2.6 km (1.6 m) wide across the forested
main body of the island near the eastern end.

Dauphin Island 1is being elongated
primarily by the accretion of sediment
to its western end. Accretion has extended
the western end of the island about 6.4 km (4
mi) in the last 100 years (May 1971a). Ero-
sion is active on the eastern end but has not
caused significant westward migration of that
part of the island. Marsh deposits and tree
stumps exposed in the surf zone indicate
significant erosion on the gulf side of the
island.

Mobile Point-Fort Morgan peninsula is a
large spit attached to the mainland on the east
and extends westward, forming part of the
southern margin of Mobile Bay. The western
part of the peninsula consists of broad,
well-developed beaches backed by lines of
discontinuous dunes that reach a height of 6
m (20 ft). Several large lagoons and marsh
areas lie between the gulf beaches and the -
mainland in the eastern part of the peninsula.
Several sets of intersecting dune ridges indi-
cate a complex depositional history for
this spit.

Perdido Key is a narrow peninsula
connected at about its midpoint to the
mainland. Dunes are as much as 6 m (20 ft)
high in the central part and decrease in height
and frequency toward each end (U.S. Army
Corps of Engineers 1971).

The surface of the shelf is relatively
smooth in the west, but it becomes irregular
east of Mobile Point. Ridges and valleys with



relief up to 9.1 m (30 ft) occur on the sea
floor in the area. These ridges and valleys are
relict features of subaerial erosion resulting
from lower stands of the sea during the
Pleistocene. Linear valleys, off the mouths of
rivers in the area, cross the shelf and probably
represent the partly filled valleys these
streams occupied during lower stands of the
sea.

MISSISSIPPI-ALABAMA SHELF

The Mississippi-Alabama shelf is a
triangular area, on the seaward side of the
barrier islands, extending from the Mississippi
River delta on the west side to DeSoto
Canyon on the east side (Figure 3). The shelf
is about 128.7 km (80 mi) wide in the west
and narrows to about 56.3 km (35 mi) in the
east. The shelf is an extensive, almost flat
plain bounded on the landward side by
the relatively steep but narrow shoreface of
the Mississippi Sound and western Florida
barrier systems. The break in slope between
shoreface and shelf occurs at a depth of about
6 m (20 ft) along the Mississippi Sound
barrier-island system and as far east as Pensa-
cola Bay.

The shoreface has a gradient of from 9.4
to 11.3 m/km (50 to 60 ft/mi). The shelf has
a gradient of 0.6 m/km (3.2 ft/mi) off Dau-
phin Island and 1.6 m/km (8.5 ft/mi) off
Pensacola Bay. At a depth of approximately
54.9 m (180 ft), the slope increases to about
5.9 m/km (31 ft/mi) (Upshaw et al. 1966).

INSHORE WATER BOTTOMS

Water and water bottoms within the
coastal area of Alabama include Mobile Bay,
Mississippi Sound, and Perdido and Wolf Bays
(Figure 4) and all tributaries of these larger
water bodies. Descriptions of navigation
channels in the inland waters and their
physical dimensions are included in Table 1.

MOBILE BAY

Mobile Bay is a submerged river valley
about 49 km (31 mi) long from Battleship
Parkway at the northern end to the Gulf of
Mexico at the southern end. The bay is about
37 km (23 mi) across at its widest portion
between Mississippi Sound and the eastern
shore of Bon Secour Bay. The average width
is 174 km (10.8 mi). The bay is relatively
shallow, with an average depth of 3 m (9.7 ft)
in areas outside the Mobile ship channel,
which has an average depth of 11.3 m (37 ft)
(Crance 1971). The opening of Mobile Bay
into the Gulf of Mexico between Dauphin
Island on the west side and Mobile Point on
the east side is slightly more than 4.8 km (3
mi) wide. Mobile Bay is connected to Missis-
sippi Sound through Pass aux Herons, which
is about 1.6 km (1 mi) wide. The exchange of
water between Mobile Bay and Mississippi
Sound is affected by bridges and auxiliary
structures that connect the mainland and
Dauphin Island.

Several rivers, which are distributaries of
the Mobile River system, flow into the north-
ern part of the bay. Dog River and Fowl
River also drain into the bay from the western
side, and Fish River and Magnolia River drain
into the bay from the eastern side.

MISSISSIPPI SOUND

The Alabama portion of Mississippi
Sound is 25.7 km (16 mi) long as measured
from the former Dauphin Island bridge
westward to the Mississippi-Alabama bound-
ary. The sound is bounded on the south side
by Dauphin Island. Mississippi Sound opens
directly into the Gulf of Mexico west of
Dauphin island through Petit Bois Pass which
is 8.3 km (5.1 mi) wide. Mississippi Sound
connects with Mobile Bay on the east side
through constricted openings in the Dauphin
Island bridge, presently being reconstructed.
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Table 1. Navigation channels in Alabama estuaries (Crance 1971).

Surface Controlling

Estuary Length Width area depth Stage of
and channel (mi) (ft) (acres) (ft) completion Agency
Mississippi Sound
Intracoastal Waterway 8.5 150 155 12.0 c? CEP
Bayou La Batre 7.8 75-100 82 11.2 C CE
Coden 29 60-100 28 8.0 C CE
Aloe Bay 1.6 100 19 6.5 C CE
Government Cut 1.2 40-150 15 4-7 C CE
Dauphin Island Bay 3.0 40 15 7.0 C LI
Graveline Bay 0.8 40 4 7.0 C LI
Alabama Marine Science
Institute 1.5 40 1 5.0 C LI
Subtotal 27.3 325
Mobile Bay
Mobile Ship Channel 29.0 400 1,409 37.0 C CE
Intracoastal Waterway 15.1 125-150 251 12.0 C CE
Arlington Channel 14 150 26 21.5 C CE
Garrows Bend 11 150 20 21.5 C CE
Garrows Bend Turning
Basin 0.2 600 15 21.5 C CE
Hollinger Island 4.0 175 85 11.0 C ASD
Deer River (Theodore
Barge Canal) 1.9 150 35 12.0 C ASD
Fly Creek 04 80-100 4 6.0 C CE
Bon Secour River 45 80 44 6-10 C CE
Dog River 7.8 100-150 118 6-8 P CE
Fowl River 2.6 100 32 8.0 P CE
Theodore Ship Channel 7.2 300-400 306 40.0 ucC CE
Subtotal 75.2 2,345
Mobile Delta
Mobile Ship Channel to
Chickasaw Creek 4.9 500-1,000 446 38.0 C CE
Chickasaw Creek 2.6 250 79 17.0 C CE
Three Mile Creek 1.0 150 18 12.0 C ASD
Industrial Canal 1.2 150 22 12.0 C ASD
Mobile River 14.0 200 340 9.2 C CE
Subtotal 23.7 905
Perdido Bay
Intracoastal Waterway 17.9 125 272 120 C CE
Perdido Pass 19 100-125 29 6.3-9.0 C CE
Subtotal 19.8 301
Total 146.0 3,876

8 C--completed, P--proposed, UC--under construction.

b CE--Corps of Engineers, LI--local interests, ASD--Alabama State Docks.



The average depth of the sound is 3.6 m (11.7
ft) at mean high water (Crance 1971). The
width of the sound in Alabama gradually
increases from east to west and is about 8 km
(5 mi) wide near the eastern end and 20 km
(12.5 mi) wide near the Mississippi-Alabama
boundary.

PERDIDO AND WOLF BAYS

Perdido and Wolf Bays are apparently
drowned river and stream valleys, respec-
tively. Wolf Bay is located in the southeastern
part of Baldwin County and Perdido Bay
occurs along the boundary between Baldwin
County, Alabama, and Escambia County,
Florida (Figure 4). Wolf Bay is connected to
Perdido Bay by Bay La Launch, a narrow
body of water essentially parallel to the
coastline and about 5.1 km (3.2 mi) long.
Both bays are connected to the Gulf of
Mexico through Bayou St. John and Perdido
Pass.

The long axis of Perdido Bay trends
approximately N.40°E., and the bay including
Bayou St. John is about 27 km (17 mi) long.
The widest point of the bay, southeast from
Red Bluff, is about 5 km (3 mi). The average
water depth according to Crance (1971) is 2.4
m (7.9 ft). Water depths slightly in excess of
49 m (16 ft) occur in areas near Perdido
Beach in the western part of the bay. Marshy
areas of the bay are mainly confined to the
northwestern part near where the Perdido
River flows into the bay.

The long axis of Wolf Bay trends approx-
imately N.10°W. The bay, excluding Bay La
Launch, is about 7 km (4 mi) long and the
widest point near the southern end is 3.8 km
(2.4 mi). Water depths in the bay are shallow
and the deepest parts are slightly in excess of
2.7 m (9 ft). Wolf, Sandy, Miflin, and Ham-
mock Creeks flow into Wolf Bay at the
northern end. Tidal flats and marshes occur in
the northern part of the bay and along the
western side,

10

SUBSURFACE STRATIGRAPHY

The coastal and offshore regions of
Alabama are underlain by sediments that
range from pre-Jurassic to Holocene (Figure
5). These rock units possibly are more than
7,620 m (25,000 ft) thick at the coast (Moore
1971) and dip southward at 1.9 to 9.4 m/km
(10 to 50 ft/mi) except where affected locally
by structural features. This thick section of
sedimentary rock lies unconformably upon
metamorphic and igneous rocks of unknown
age. Thicknesses offshore are not known but
should be similar.

Generalized representations of the stra-
tigraphy in southern Mobile and Baldwin
Counties are shown on Figures 6 and 7 that
have been compiled from the sample descrip-
tions of oil test wells in the area.

PRE-COASTAL PLAIN
BASEMENT COMPLEX

The lithologic character and relative ages
of rocks comprising the igneous and meta-
morphic basement complex underlying the
Coastal Plain sediments are poorly known.
Two wells drilled in southern Mobile County
have penetrated the basement complex. One
of the wells, drilled in sec. 24, T.3S., R.4W.,
penetrated chlorite schist of the basement
complex at a depth of 6,054 m (19,862 ft)
below land surface; and the other, drilled in
sec. 11, T.6S., R.4W., penetrated quartz mica
schist at a depth of 5,743 m (18,842 ft)
below land surface. The basement complex
has not been penetrated by oil test wells
in Baldwin County.

JURASSIC SYSTEM

Rocks of Jurassic age in coastal Alabama
are about 1,524 m (5,000 ft) thick. At the
base of the Jurassic rock are mainly salt,
sandstone, dolomite and limestone with
interbedded evaporite deposits of salt and
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anhydrite. The upper part of the Jurassic
consists mostly of terrigenous clastic deposits
of shale and sandstone. In south Alabama,
rocks of Jurassic age are assigned, in ascending
order, to the Louann Salt, the Norphlet,
Smackover and Haynesville Formations, and
the Cotton Valley Group. Gas, gas conden-
sate, and oil are produced from the Norphlet
and Smackover Formations.

CRETACEOUS SYSTEM
LOWER CRETACEOUS SERIES

Lower Cretaceous sediments in coastal
Alabama are mainly terrigenous clastics and
consist mostly of interbedded sandstone
and shale with pink nodular limestone and red
and green shale in the upper part. An evapo-
rite sequence consisting of anhydrite and
limestone occurs near the middle of the
section. The sediments are about 1,219 to
1,524 m (4,000 to 5,000 ft) thick in coastal
Alabama. The Lower Cretaceous Series
generally is not subdivided in south Alabama
outside the Citronelle oil field. Oil is pro-
duced from the Lower Cretaceous in Mobile
County, and minor quantities of oil were
produced from the Lower Cretaceous in an
abandoned field in Baldwin County.

UPPER CRETACEOQOUS SERIES

The Upper Cretaceous formations in-
clude beds of chalk, clay, and sand deposited
as shelf and near-shore sediments in marine
environments; and beds of gravelly sand, sand,
and clay deposited in marine, transitional, and
non-marine environments that include estu-
arine and fluvial-deltaic deposits of regional
extent. The strata are 914 m (3,000 ft) thick
and dip southward at 9 to 13.7 m/km (30 to
45 ft/mi) except where affected locally
by structural features. In south Alabama
deposits of Late Cretaceous age are assigned
in ascending order to the Tuscaloosa Group,
the Eutaw Formation, and the Selma Group.
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Oil is produced from the lower part of the
Tuscaloosa Group in an eastern extension of
the South Carlton field in northwestern
Baldwin County.

TERTIARY SYSTEM

In coastal Alabama the Tertiary forma-
tions consist predominantly of marine and
estuarine clastic rocks with interbedded
marine carbonates. The section is about 1,524
m (5,000 ft) thick and, in ascending order
from oldest to youngest, is composed of the
Midway Group of the Paleocene Series; the
Wilcox, Claiborne, and Jackson Groups of the
Eocene Series; the Vicksburg Group and the
Chickasawhay Limestone of the Oligocene
Series; the Miocene Series that includes the
Tampa Limestone and Pensacola Clay near
the coast which intertongue with and are
overlapped northward by undifferentiated
coarse clastics; and the Citronelle Formation
of the Pliocene-Pleistocene Series.

The Quaternary System in coastal
Alabama includes terrace deposits of the
Pleistocene Series and fluvial, fluvial-deltaic,
estuarine and beach, dune, and other coastal
deposits of the Pleistocene and Holocene
Series. Due to subaerial erosion of the ex-
posed Tertiary units that occurred during sea
level fluctuations of the Pleistocene Epoch,
prior to and during deposition of the Quatern-
ary units, the Quaternary units at places in
Baldwin and Mobile Counties unconformably
overlie much older stratigraphic units (Figure
8).

SURFACE STRATIGRAPHY

Surface geologic units of the coastal and
offshore areas consist of unconsolidated sand,
gravel, silt, and clay of Miocene through
Holocene ages. The Miocene Series and
Citronelle Formation crop out in bands that
strike northwest and dip southwest. The
Miocene strata generally dip 1.9 to 9.4 m/km
(10 to 50 ft/mi) and strata in the Citronelle,



0.9 to 2.3 m/km (5 to 12 ft/mi). Lesser dips
may be associated with folding that is present
in the subsurface. Terrace deposits are gener-
ally parallel to the Mobile River system and
Mobile Bay and slope gently toward the Gulf
of Mexico. The alluvial and coastal deposits
are relatively flat lying.

Strata are disrupted by faulting in the
subsurface in the northern part of the area;
however, evidence of faulting at the surface is
obscured by deep weathering or the lithologic
similarity of displaced beds.

MIOCENE SERIES
UNDIFFERENTIATED

The Miocene Series overlies the Oligo-
cene Series in the subsurface and crops out in
the central and northern parts of Mobile and
Baldwin Counties (Figure 8). It generally
ranges in thickness from 122 m (400 ft) in the
northern part of the area to about 914 m
(3,000 ft) at the coast. The Tampa Limestone
and Pensacola Clay described by Marsh
(1966) are confined to the subsurface and are
readily recognizable on electric logs of oil test
wells that were drilled along the coast and
northward for a distance of about 19.3
km (12 mi) in both Mobile and Baldwin
Counties. In the outcrop the Miocene Series
undifferentiated consists of laminated to
massive marine and estuarine fine and coarse
clastic deposits. The deposits consist of gray,
orange, and red, very fine- to coarse-grained
sand; red ferruginous sandstone; and gray,
olive, blue, and green sandy silty clay. Lo-
cally, the sand contains very fine to medium
quartz pebble gravels and silicified and
carbonized plant material. Carbonized leaf
remains occur at places in the clay beds.

In Mobile and Baldwin Counties, the
upper part of the Miocene Series is a principal
source of ground-water supplies. Natural gas
has been discovered in sand beds within the
Pensacola Clay in southern Baldwin County.
The wells are shut-in at present pending
completion of a pipeline.

PLIOCENE AND PLEISTOCENE SERIES—
CITRONELLE FORMATION

The Citronelle Formation overlies the
Miocene Series and crops out in the central
and southern parts of the area; in the north-
ern part of the area, it caps high hills and
ridges as outliers. The formation ranges in
thickness from around 30 m (100 ft) in updip
areas to 60 m (200 ft) in the southern parts of
Mobile and Baldwin Counties (Reed 1971b).

The Citronelle Formation consists
chiefly of brown, red, and orange gravelly
sand that locally contains clayballs and
partings, and gray, orange, and brown lenses
of sandy clay. Gravels in the formation are
mainly very fine to medium subangular to
rounded quartz and chert pebbles. The base
of the formation is generally marked by a
ferruginous sandstone that contains quartz
and minor amounts of chert gravel. The
Citronelle is difficult to map and is easily
confused with the underlying Miocene depos-
its and the terrace deposits that occur along
the major streams. However, the terrace
deposits dip southward much less steeply at a
rate of only 0.2 to 0.4 m/km (1 to 2 ft/mi)
and careful mapping procedures facilitate
differentiation of the units.

PLEISTOCENE SERIES—
TERRACE DEPOSITS

Gravelly sand fluvial deposits underlie
relatively flat surfaces or terraces in northern
Mobile and Baldwin Counties that formed
during the Pleistocene Epoch when beds of
ancestral rivers of the Mobile River system
occupied higher levels than at present. As the
streams eroded downward, additional terrace
surfaces formed and deposits of alluvium
accumulated. Two levels of high terrace
deposits are prominent in Mobile and Baldwin
Counties. The oldest or highest terrace in
Mobile County is at an altitude from 58 to
61 m (190 to 200 ft) and has been mapped in
areas northwest of Mount Vernon. The
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Figure 8. Geologic map of Baldwin and Mobile Counties and generalized distribution
of offshore sediments (modified from Carlston 1950, Reed 1971a, and Boone 1973).
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former flat surface has been well dissected by
the present streams. In Baldwin County this
terrace is also well dissected and occurs 8 km
(5 mi) southeast of Tensaw at altitudes
ranging from 64 to 67 m (210 to 220 ft). The
youngest and lowest of the high terrace
surfaces is quite extensive and has been
mapped approximately parallel to the Mobile
River system from Bay Minette Creek in the
south to Wolf River in the north, a distance of
about 69.2 km (43 mi). The altitude of the
terrace surface in the north is 42.7 m (140 ft)
and at the southern end is at an altitude of
198 m (65 ft). The terrace deposits are
generally 6 to 9.1 m (20 to 30 ft) thick but
locally reach thicknesses of 15.2 m (50 ft).
The deposits underlying the terrace surfaces
consist of white, gray, red, and orange fine- to
coarse-grained gravelly sand and orange sandy
clay.

PLEISTOCENE AND HOLOCENE
SERIES—COASTAL AREA AND
FLOODPLAIN DEPOSITS

Low terrace and alluvial deposits occur
as a belt from 11.3 to 16.1 km (7 to 10 mi)
wide in the delta complex at the head of
Mobile Bay and extend northward beyond the
confluence of the Tombigbee and Alabama
Rivers. Where the Mobile River system joins
Mobile Bay, sediments of the delta have been
described by Boone (1974) as deltafront and
prodelta sand, silt and clay, interstratified
fine-grained sand and silt and interstratified
silt and clay. In the Mobile River basin these
deposits are of fluvial, estuarine, and marine
origin and are as much as 46 m (150 ft) thick.

Low terrace and alluvial deposits also
occur parallel to and in the floodplains of the
smaller streams in the area and contain
gravelly sand, sand, silt, and clay derived from
the weathering of the Miocene Series, Citro-
nelle Formation, and terraces. Gray and
orange, sandy, carbonaceous clay are present
in some areas. These deposits are generally
less than 15.2 m (50 ft) thick.
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The Coastal Lowlands, at altitudes
ranging from sea level to 9.1 m (30 ft) are
underlain by low terrace and alluvial deposits
that, in places near the central and southern
margins of Mobile Bay and the southern ends
of the mainland, contain marine beds with
shells and shell debris and layers of peat
formed in pre-existing swamps and marshes.

The beach and dune deposits of the
barrier islands and spits consist of well-sorted,
medium-grained quartzose sand having a
heavy mineral suite rich in staurolite and
kyanite. Concentrations of heavy minerals
occur in thin laminae along the beaches of the
gulf and mainland sides of the barrier sys-
tem, primarily in the silt to fine-sand fraction.
Sediments capping Dauphin Island, Mobile
Point, and Perdido Key consist of coarse-
laminated dune sand and marsh deposits that
have been stirred and burrowed by organisms
(Boone 1973).

OFFSHORE OR BOTTOM
SEDIMENT DISTRIBUTION

The distribution and generalized litholo-
gies of sediment in the offshore area are
shown by numbers on the geologic map
(Figure 8). Sediments in the northern part of
Mobile Bay consist of prodelta silt, clayey silt,
deltafront sand, and silty sand that have been
transported into the bay by the rivers to
form a broad delta complex. Sediments in the
southern part of the bay consist of estuarine
silty clay and clay. Bay-margin sands and
clayey sands occur around the periphery and
can be further described as fine- to medium-
grained quartzose sand with local concentra-
tions of shell fragments, clay clasts, or heavy
minerals. The bay-margin sands are a contrast
to the estuarine silty clay and the clay that
occupies most of the bay floor. The bay-
margin sands persist because they are swept
free of finer particles by the winnowing or
washing action of the waves. Locally within
the bay, the accumulation of oyster shell is
significant. Holocene sediment thicknesses



range from about 4.6 to 6.1 m (15 to 20 ft) in
the western part of the bay to about 12.2 m
(40 ft) in the eastern part. Sediments are up
to 38 m (125 ft) thick in the ancient Mobile
River valley in the mouth of the bay (Boone
1973). Holocene sediments in the bay overlie
sand and relatively massive clays of probable
Miocene age.

The rate of sediment accumulation in
the bay has been described by Ryan (1969),
Hardin et al. (1976), and Lamb (1979) and is
averaging approximately 0.5 m (1.6 ft) per
century. Hardin et al. (1976) divided the bay
into an upper and lower portion and showed
that the rate of accumulation in the two areas
was different. Bathymetric evidence indicates
that the rate of filling for the upper bay was
0.58 m (1.9 ft) per 100 years between 1852
and 1920 and showed that this rate decreased
to 0.3 m (1 ft) per 100 years between 1920
and 1973. In the lower bay Hardin et al.
(1976) estimated the rate of filling was 0.41
m (1.3 ft) per 100 years from 1852 to 1920,
and that it increased to 0.71 m (2.3 ft) per
100 years from 1920 to 1973. As pointed
out by Lamb (1979), the change may have
resulted from decreased amounts of sediments
being discharged into the upper bay from
rivers and some of the upper bay sediment
being redistributed by currents and deposited
in the lower bay area. The construction of
dams along the Tombigbee and Alabama
Rivers has reduced the amount of sediment
previously discharged into the bay by the
Mobile River system. As a result, the rate of
sediment accumulation in Mobile Bay will
probably show a marked decline when further
studies are made.

Sediments in Mississippi Sound consist
of estuarine silt and clay in the central part
and bay-margin sand around the periphery
(Upshaw et al. 1966). The estuarine facies of
Mississippi Sound is characterized by variable
lithology, general lack of stratification,
abundance of Dbioturbation, and irregu-
lar lenses of differing lithology. The bay-
margin sands along the mainland are fine

grained and include silt and clay. Bay-margin
sand along the Dauphin Island beach facing
the sound is mainly medium to coarse sand.
Holocene sediments range in thickness from
about 1.5 m (5 ft) in the northern part of the
sound to 12.2 to 18.3 m (40 to 60 ft) at the
barrier islands (Ludwick 1964). The sedimen-
tation rate in Mississippi Sound has not been
definitely established, but the rate estimated
by Ludwick (1964) was 0.24 m (0.8 ft) per
1,000 years and by Rainwater (1964) was 1.2
m (4 ft) per 1,000 years.

Sediments in Perdido and Wolf Bays
consist of estuarine clayey silt and silty clay
in central deeper parts of the bays and clean,
well-sorted, bay-margin quartz sand around
the periphery. The northern part of Perdido
Bay is floored by deltafront silty sand, silt,
and sand which are discharged into the
bay by the Perdido River and its minor
tributary streams. The gross mineralogy
of the sediments, as described by Parker
(1968), in order of abundance, is quartz,
kaolinite, montmorillonite, and calcite. Mol-
lusk shell fragments, mainly of gravel size,
account for the majority of the calcium
carbonate content in the Perdido Bay area.
Bayou St. John and Old River are floored
mainly by sand with some silty sand and
clayey silt (Parker 1968). Sedimentation rates
in Perdido and Wolf Bays have not been
determined.

A large tidal delta extends from the
mouth of Mobile Bay seaward, consisting of a
clean, well-sorted quartz sand similar to the
sand that occurs in the beach and dune
deposits. The tidal delta does not seem to be a
delta related to the Mobile River system but
rather has formed from the transporta-
tion of large quantities of sediment through
the passes in the barrier island complex in
response to tidal fluctuations (Shannon
1977).

Immediately south of the Mississippi
Sound barrier-island system and the tidal
delta is a nearshore, fine-grained facies similar
in lithology to that of Mobile Bay and Missis-
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sippi Sound. Sand, muddy sand, sandy mud,
and mud occur in water depths less than 18.3
m (60 ft) in a zone about 11.3 km (7 mi)
wide, Tidal flushing of the estuaries moves
turbid waters seaward where the suspended
silt and clay are deposited to form this facies.
The fine sediments move southward from the
high energy environment existing at the
mouth of the bay to the quiet waters further
out to sea.

The Mississippi-Alabama sand facies
(Figure 9) covers most of the western part of
the shelf area (Boone 1973). It consists
predominantly of well-sorted, fine-grained,
clean quartz sand. Shelly sands occur locally.
This facies occurs in an area of very slow
deposition or slow erosion where sands
deposited during a lower stand of the sea are
being reworked by marine processes but not
buried by normal shelf deposits.

SOILS

Soil formation is the result of the
interaction of many factors including climate,
plant and animal life, chemical and mechani-
cal weathering of the parent underlying
geologic formation, topography, and time.
Soil properties are important variables which
must be considered when determining the
suitability of land for a particular use. Thick-
ness, permeability, composition, ph, bearing
capacity, available water capacity, and liquid
limit are all factors to be considered in
determining the suitability of a soil type for a
specific use. Soil associations in Mobile and
Baldwin Counties as determined by the Soil
Conservation Service (1974) are shown on
Figure 10. Descriptions of the soil associa-
tions and their particular characteristics are
shown in Table 2.

Soil associations in the two counties
exhibit relatively close relationships to the
underlying parent stratigraphic unit from
which they are mostly derived. It is apparent
from examining Figure 11, which shows soil
limitations for light construction, and the
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geologic map (Figure 8) that the areas with
severe limitations are those soil types derived
from the Miocene Series, alluvial deposits, and
the coastal deposits. All but the coastal
deposits contain appreciable quantities of clay
with the associated problems of moder-
ate to high shrink-swell potential and poor
drainage characteristics.

The alluvial deposits in the floodplain of
the Mobile River system and the coastal area
deposits are mainly in the Cahaba-Chewacla-
Myatt, Dorovan-Plummer-Tidal Marsh, and
Osier-Johnston Associations, with construc-
tion limitations due to location, elevation,
and drainage characteristics or composition.

The preferred agricultural land use in the
area is shown on Figure 12. The areas most
suitable for cropland are underlain mainly by
the Citronelle Formation consisting of sand
and gravel with minor lenticular beds of clay.

Existing constructed facilities near the
coast in the two-county area indicate that the
Citronelle Formation and coastal deposits are
generally suitable for most types of construc-
tion, provided proper engineering practices
are followed. The only areas apparently not
used for construction are alluvial deposits,
coastal marshes, and temporary swamp areas
of the coastal deposits. The alluvial areas are
subject to flooding and are generally only of
use for agricultural and recreational purposes,
and seasonally high water tables associated
with the marsh and swamp areas severely limit
other uses.

According to Szabo (1975) sediments of
the Citronelle Formation have a high load-
bearing capacity, a low shrink-swell potential,
and high to moderate permeability and are
suitable for most construction. Construction
or modification of areas underlain by the
Citronelle should provide for proper drainage
and septic field percolation. These sediments
should not require special treatment to
support most structures.

Sediments of the coastal deposits,
excluding the swamp and marsh areas, have
fair load-bearing capacity, moderate to low
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Table 2. Soil characteristics of Mobile and Baldwin Counties (Soil Conservation Service 1974).

Limitation Desirable
Map Soil Percent Dominant for light agricultural
symbol associations slope Drainage texture Reaction  Erosion construction use
34 Malbis-Orangeburg Sandy clay Strongly Slight to
Pansey 0-5 Moderate loam acid Slight severe Cropland
35 McLaurin-Troup- Sand clay Strongly
Ruston 2-10 Good loam acid Slight Slight Cropland
38 Poarch-Benndale-
Escambia 0-5 Good Loam Very acid Slight Moderate  Cropland
39 Lucedale-Ruston- Sandy clay Strongly
Greenville 05 Good loam acid Slight Slight Cropland
45 Smithton-Escambia- Slight to
Troup 05 Moderate Sandy loam Very acid Moderate severe Pasture
48 Troup-Plummer- Slight to
Escambia 0-5 Moderate Sandy loam Very acid Slight severe Forest
49 Troup-Smithdale- Sandy clay Strongly
Esto 2-25 Good loam acid Severe Severe Forest
50 Troup-Smithdale- Sandy clay Strongly
Escambia 0-12 Good loam acid Moderate Moderate  Pasture
52 Cahaba-Chewacla- Strongly
Myatt 0-5 Moderate Loam acid Slight Severe Cropland
53 Dorovan-Plummer- Extremely
Tidal marsh 01 Very poor  Organic acid Slight Severe Forest
54 Osier-Johnston 0-2 Very poor Loamy sand Very acid Slight Severe Forest
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permeability, and moderate to high shrink-
swell potential. The shrinking and swelling of
this material may weaken foundations, and
the permeability is important as it relates to
proper drainage and septic field percolation.
These areas probably would require re-
medial treatments to prevent foundation
damage, to remove surfacé water, and process
sewage other than by septic tanks. Test data
supplied by the State Highway Department of
Alabama (Szabo 1975) indicate that the
material will support a uniform loading of
approximately 10,240 kg/m? (3,000 lb/ft?)
and may require pilings to a depth of 8 to
21.3 m (30 to 70 ft) for support of greater
loads.

STRUCTURAL GEOLOGY

Major faults and folds of economic
importance are present in southwest Alabama.
Some of these structures adversely affect the
ground-water resources in this vicinity.
Regionally, Mesozoic and Cenozoic forma-
tions in coastal Alabama form a broad homo-
cline dipping approximately south toward the
Gulf of Mexico. The Mesozoic sediments dip
from 5.7 to 8.5 m/km (30 to 45 ft/mi) and
the Cenozoic sediments dip from 0.2 to 9.4
m/km (1 to 50 ft/mi). The following discus-
sion is modified from Joiner and Moore
(1966), Moore (1971), and Boone (1974).

THE SALT BASIN

Southwest Alabama is situated in the
easternmost extension of the Mississippi
interior salt dome basin. Most of the geologic
structures observable in Jurassic, Lower
Cretaceous and younger sediments in the
basin are the result of movement of the
underlying Louann Salt. Salt at depth re-
sponds as a plastic medium and will move into
zones of weakness in response to sediment
loading. Structures formed as positive features
by salt swells or domes and as collapse-type
features such as grabens where salt was
removed occur in southwest Alabama. Salt
movement associated with these structures
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was sporadic with alternating dormant and
active periods. Stratigraphic units thicken
where subsidence resulted from salt removal,
and units thin where positive or domal
movement occurred.

The most prominent structural features
within the salt basin with a bearing on coastal
Alabama include the peripheral faults, the
Mobile graben, the Citronelle domal anticline,
and the Wiggins uplift (Figure 13). Additional
unnamed structural anomalies in the form of
minor faults and folds have been mapped in
the area (Reed 1971a, 1971b; Moore 1971).

PERIPHERAL FAULTS

The Gilbertown, Coffeeville-West Bend,
Walker Springs, Pollard, and Bethel fault
zones occur near the updip limit of the
Louann Salt and probably represent the
periphery of the salt basin. The faulting
formed a series of relatively narrow grabens,
with subsequent faulting occurring between
the two major faults. The dominant fault in
most of the graben structures is the northern-
most one, which is downthrown to the
southwest.

In coastal Alabama, fault zones can be
detected only in the subsurface, or, at best,
with very subtle surface indications. North-
ward in Choctaw and Clarke Counties, faults
can be observed on the surface, and move-
ment along some of the faults has occurred
recently enough to cause the grabens to be
topographic lows. Displacement at the surface
of these faults generally ranges from about
15.2 to 91.4 m (50 to 300 ft).

A possible extension of the Walker
Springs-Pollard fault zone may cut across the
northeastern corner of Baldwin County
(Figure 13). Two wells drilled near Little
River in the northeastern part of the area are
cut by faults with displacements from 94.5 to
103.6 m (310 to 340 ft). Insufficient control
is presently available to confirm the existence
of the Walker Springs-Pollard fault zone
extension into Baldwin County as a graben
structure of the peripheral fault zone.
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MOBILE GRABEN

In the subsurface the Mobile graben, a
complex north-south fault system, extends
from near Jackson in southern Clarke County
southwestward to near Satsuma in northern
Mobile County. The Jackson fault, and
extensions that form the eastern boundary of
the graben, occur near the eastern limit of
thick Louann Salt (Jurrasic) in Alabama.
Vertical displacement of the Jackson fault
at the surface ranges from 15.2 to 42.7 m (50
to 1,400 ft) (Causey and Newton 1971). In
the subsurface in Clarke County the displace-
ment of the fault at a mapping horizon in the
lower part of the Tuscaloosa Group is 1,524
m (5,000 ft) or more. A probable extension
of the Jackson fault was penetrated by an
oil and gas test well in irregular sec. 8, T.1S.,
R.1E., and displacement along the fault,
apparently downthrown to the west, is 1,158
m (3,811 ft) at a depth below surface of
3,490 m (11,450 ft).

The Mobile graben shown on Figure 13
decreases in width to the southwest. The
western boundary fault of the Mobile graben
that is downthrown to the east has been
intersected by gas wells in the Hatter’s Pond
field and by a wildcat well located to the
northeast. A wildcat well located in irregular
sec. 9, T.IN,, R.1E., Mobile County, inter-
sects the fault at a depth of 3,819 m (12,530
ft) and the relative displacement is 1,417 m
(4,650 ft). Gas wells in the Hatter’s Pond field
intersect the western boundary fault zone of
the Mobile graben at depths ranging from
about 122 to 5,182 m (400 to 17,000 ft)
and the relative displacement ranges from
243 m to 853 m (80 to 2,800 ft) (G. V.
Wilson, Geologist, Geological Survey of
Alabama, personal communication, 1978).
The displacement of faults forming the
Mobile graben increase at depth and abnormal
thicknesses of stratigraphic units occur within
the graben, indicating that faults composing
the graben system have been active since late
Mesozoic time. Many structures favorable for
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petroleum accumulation occur in the highly
mobile zone and will be a target for explora-
tion in years to come.

CITRONELLE

The Citronelle oil field in Mobile County
is on a slightly elongated, northwest-trending
domal anticline that has 122 m (400 ft) of
vertical closure. Gravity maps show a subtle
minimum over the anticline, which probably

. has a nonpiercement salt core. One deep well

in the area was reported by the operators to
have encountered the Louann Salt at the total
depth of 5,854 m (19,206 ft). Indications of
the Citronelle dome can be observed on the
surface. Much of the area is topographically
high and is a classic example of radial drain-
age.

WIGGINS UPLIFT

The trend of the Wiggins uplift in
Alabama shown on Figure 13 is based on the
low gravity values extending from Louisiana
into Mobile County that continues northeast
into central Conecuh County. According to
Wilson (1975), the Wiggins uplift was prob-
ably a positive feature throughout Jurassic
time that subsided at a much slower rate than
the remainder of the Gulf Coast basin. Along
the trend of the uplift, the Smackover and
Haynesville Formations of Jurassic age are
much thinner than in areas to the north and
southwest. The full significance of this subtle
feature and its relationships to potential
accumulations of petroleum are unknown.
Two wells drilled near the crest of the uplift
in southern Mobile County have encountered
what may be the basement complex at
shallower depths than was expected.

UNNAMED STRUCTURAL FEATURES
Minor faults have been intersected at

depths above 2,438 m (8,000 ft) in drill holes
in southeastern Baldwin County in T.7S., R.5



and 6E. (Moore 1971). An anticline of low
relief is interpreted to extend from the
southwest corner of T.1S., R.4W. to the
northwest part of T.3S., R.2W. in Mobile
County.

A geophysical anomaly occurs near Bay
Minette in Baldwin County. This anomaly is
not reflected in the overlying sediments and
possibly represents an inactive basement high
that was gradually onlapped and covered by
Jurassic or later sediments.

TECTONIC HAZARDS

The term “tectonism” is used to describe
the action of forces that violently deform the
earth’s crust and cause folding and faulting of
rocks, earthquakes, and volcanoes. Such
events on the North American continent are
presently confined to areas near the west
coast of the United States and Canada where
crustal plates are colliding. Tectonic hazards
resulting from these events are obviously of
great concern in the areas affected, but events
of this nature are not a potential problem in
coastal Alabama. There are no known active
faults in Alabama, and information presented
on Figure 14 indicates that earthquakes are
not expected to affect south Alabama.

More conventional hazards that may
affect the coastal region are certain naturally
occurring or man-induced geologic conditions
that present a risk or potential danger to life
or property. Examples of geologic hazards
include but are not restricted to flooding, salt
water intrusion into ground water, coastal and
beach erosion, land subsidence, pollution, and
waste disposal. These problems are common
to most coastal areas and generally pertain to
Alabama but can be managed to some extent
with the proper geologic information and
with sound engineering practices.

OIL AND GAS POTENTIAL

Oil and gas production is well established
in Mobile and Baldwin Counties and probably

will increase in the near future. The presently
developed fields are Citronelle, Chunchula,
Hatter’s Pond, and South Carlton (Figure 15).
New fields have been discovered east of the
Chunchula Field in Mobile County and
in Baldwin County near Foley, Gulf Shores,
and Blacksher. Confirmation wells for a
potential new gas field presently are being
drilled near the mouth of Mobile Bay. Pro-
duction statistics from the established fields
have been published by Masingill and
McAnnally (1980).

The Citronelle oil field is the largest field
in Alabama with 447 producing wells. The
field was discovered in 1955 and has pro-
duced approximately 130 million barrels of
oil and 11.7 billion cubic feet of gas. The
wells are completed in a series of sands in the
Lower Cretaceous at depths ranging from
3,052 to 3,300 m (10,014 to 10,827 ft).

The Chunchula field was discovered in
1974 and gas and gas condensate are pro-
duced from 34 wells completed in the Smack-
over Formation (Jurassic) at a depth of
approximately 5,486 m (18,000 ft). The Cold
Creek field with two wells and the South Cold
Creek field with one well join the Chunchula
field on the east and produce oil from the
Smackover at a depth of about 5,639 m
(18,500 ft).

The Hatter’s Pond field is located
southeast of the Chunchula field and was also
discovered in 1974. The 11 wells in the field
produce gas and gas condensate from the
Smackover and Norphlet Formation at a
depth from 5486 to 5,639 m (18,000 to
18,500 ft). Cumulative production from the
Chunchula and Hatter’s Pond fields is approx-
imately 11.5 million barrels of condensate
and 32.6 billion cubic feet of gas.

The South Carlton field is located along
the Alabama River in southeastern Clarke
County and northwestern Baldwin County.
The field has 50 producing wells; 44 of these
are in Clarke County and 6 are in Baldwin
County. The wells are completed in the lower
part of the Tuscaloosa Group (Late Creta-
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ceous) at a depth of approximately 1,676 m
(5,500 ft). Since its discovery in 1950, the
field has produced about 4.4 million barrels
of oil.

New gas fields are being developed in
sand beds in the Pensacola Clay (Miocene) at
depths of approximately 396 to 549 m (1,300
to 1,800 ft) in the vicinity of Foley, Alabama.
Five wells are presently confirmed in the
Foley field and one has been completed in the
newly named West Foley field. The Foley
field was first discovered in 1979 and develop-
ment wells are presently shut-in pending
completion of a pipeline. The initial test
results from these shallow wells range from
0.9 to 7.5 million cubic feet of gas per day.
The productive sands in the Miocene have not
been fully explored but may extend beneath
Mobile Bay. New discoveries of shallow gas
from the Miocene have also been made in the
past few months near Bon Secour, Weeks Bay,
and Gulf Shores, indicating that production
limits from the Miocene sands may be ex-
tended throughout southwestern Baldwin
County.

The Blacksher field in northern Baldwin
County was discovered by Shell Oil Company
in 1980 and is presently being developed. The
wells are being completed in the Smackover
Formation at a depth of approximately 4,877
m (16,000 ft) and are the first discovery wells
in the Smackover Formation in Baldwin
County. The initial tests indicate that the
wells will produce both oil and gas. The
discovery well in the field flowed at the rate
of 104 barrels of oil per day and 123,000
cubic feet of gas. Gulf Oil Corporation has
also made a new discovery (1981) northeast
of the Blacksher field and development
is in progress. The discovery well flowed at
the rate of 147 barrels of oil per day and
170,000 cubic feet of gas.

Mobil Oil Exploration and Producing
Southeast, Inc., in November 1979, discov-
ered a potential new gas field about 3.2 km (2
mi) east of Dauphin Island near the mouth of
Mobile Bay in lease block 76 (Figure 16). The
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well flowed dry gas through perforations
between 6,289 to 6,365 m (20,634 to 20,883
ft) in the Norphlet Formation (Jurassic) at a
rate of 12.2 million cubic feet per day. Mobil
was awarded leases on blocks 76, 77, 94, and
95 and is now drilling confirmation test wells
in lease blocks 76 and 95. The well being
drilled at a surface location in tract 76 will
actually bottom in lease tract 94.

A lease sale of submerged State lands
was conducted in March 1981, and five-year
leases for 13 lease tracts were awarded to the
companies shown on Figure 16. The tracts
are located in Mobile Bay, Mississippi Sound,
and areas offshore within the 3-nautical-mile
outer limit of State waters. Applications
for drilling permits have been submitted, and
the coastal waters will be an area of extensive
drilling activity for the next few years.

HYDROLOGY
By Phillip F. Dark and Frank Hinkle

Coastal Alabama contains a dynamic
hydrologic system that changes with every
season and with the use of that system. The
focal point of this system is the Mobile River
and the 1,070-km? (413-mi?) Mobile Bay into
which it flows. As fresh water from the
Mobile River, or any stream, mixes with saline
waters of the Gulf of Mexico, unique hydro-
logic and water-chemistry zones develop.
During an average year, the streams of this
region discharge more than 50 km?® (12 mi®)
of fresh water into the Gulf of Mexico. A
volume of fresh water equivalent to several
years of runoff occurs in the subsurface,
stored in ground-water reservoirs that underlie
the area (Riccio et al. 1973). Defining the
interactions of the surface water, embay-
ments, Gulf of Mexico, and the ground water
will be the objective of this section.
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STREAMFLOW AND
SURFACE WATER

Streamflow plays an important role in
the hydrologic processes of coastal Alabama.
The interrelationships between various factors
influencing streamflow are complicated. The
following discussion is based on Reed and
McCain (1971, 1972), Riccio et al. (1973),
and Chermock (1974).

FACTORS INFLUENCING STREAMFLOW

Factors that control streamflow may be
classified as (1) meteorologic factors that
determine the total amount of water avail-
able, and (2) land factors that determine the
amount of water that reaches the streams.

Meteorologic factors are precipitation,
temperature, and wind; land factors include
the physical characteristics of the land surface
and the underlying rocks, as well as the
various topographic and cultural features of
individual watersheds. The most important
land factors include rock and soil type,
watershed area, shape, slope, and land use.

Some of the factors that govern stream-
flow cannot be classified as above. For
example, the type and density of vegetation
strongly influence the amount of rainfall that
becomes available to streamflow.

Factors influencing streamflow do not
act independently. Some have greater influ-
ence over high flows, some over low flows,
whereas the effects of other factors may vary
seasonally. This interplay of meteorolegic,
topographic, and geologic factors determines
the hydrologic environment of the area.

The Mobile-Baldwin County area does
not represent a self-contained hydrologic
system inasmuch as stream characteristics are
also influenced by other geographic areas.
Consequently, streamflow characteristics of
the major rivers are modified, but not com-
pletely controlled, by hydrologic factors
operating in the area.

Precipitation is the basic source of all
streamflow. In any year, much of the stream-
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flow may occur as direct runoff immediately
following severe storms. For runoff to occur,
rainfall must exceed the amount that vegeta-
tion and soil will absorb or retain. Often, very
little of the rainfall from light or moderate
storms will run off to streams. During major
flood-producing storms, rainfall greatly ex-
ceeds retentive demands, and the intensity,
duration, and areal extent of rainfall are
important factors.

The manner in which runoff reaches the
streams, either by surface or subsurface
means, and the amount of runoff following
each course is mainly governed by the under-
lying geology and characteristics of the land
surface. Some of the land factors affecting
runoff rate are drainage basin area, land
surface slope, and permeability of the ground
surface.

COMPONENTS OF RUNOFF

Direct runoff occurs during or immedi-
ately following storms when rainfall intensity
exceeds the combined rates of evaporation
and infiltration. It includes surface runoff,
which reaches the stream by moving over the
land surface; and interflow, which reaches the
stream by moving at shallow depths without
reaching the ground-water table.

Runoff reaching the stream by the
subsurface route (ground-water discharge) is
derived from subsurface storage and some-
times is separated into two components
depending upon whether the water is from
basin or bank storage. Basin storage represents
ground water stored in aquifers as a result of
rainfall that percolates downward to the
water table. Bank storage represents water
within the banks of a stream resulting from a
rise in stream level above the water table. This
water is stored temporarily and is readily
released as the level of the stream recedes.
There also can be drainage from surface
storage in lakes or swamps that accumulate
water during wet periods and release it slowly
in dry periods.



In a perennial stream, the basin-storage
component of base flow is continuous,
increasing to some extent in wet periods and
decreasing in dry periods. Discharge from
bank storage occurs only when the stream is
below the level of its saturated banks. At any
one time, the amount of bank storage may
be considerably less than that of basin stor-
age. However during the year, the entire
bank-storage reservoir may be filled and
emptied several times, whereas only a part of
the basin-storage reservoir is used.

The dominant factor that determines
variability of natural streamflow is the source
of supply. If the principal source is from
surface runoff, streamflow tends to fluctuate
widely, with high rates of flood runoff and
low rates of dry-weather flow. Ground water
from storage tends to stabilize streamflow,
both by increasing low flows and by decreas-
ing high flows.

SURFACE-WATER AVAILABILITY

Basic records of streamflow in Alabama
are compiled and published for each water
year (October 1 to September 30) by the U.S.
Geological Survey in the annual bulletin,
“Water Resources Data for Alabama Surface
Water Records.” Prior to the 1961 water year,
records of streamflow for southwestern
Alabama were published annually in the U.S.
Geological Survey Water Supply Papers,
Part 2-B South Atlantic Slope and Eastern
Gulf of Mexico basins, Ogeechee River to
Pearl River (U.S. Geological Survey 1960).

Gaging stations and partial-record sta-
tions in the study area for which significant
records of streamflow are available are listed
in Table 3. The availability of surface water in
selected streams in the study area is shown
on Figure 17.

Table 3. Streamflow gaging stations.

Gaging Drainage

station a.reéa

number Stream and location Gage (mi“) Period of record
PERDIDO RIVER BASIN

3765.00 Perdido River at Barrineau Park, Fla. WS2 394 June 1941-Present

3775.00 Styx River near Loxley, Ala. WS 93.2 Oct. 1951-Sept. 1969
FISH RIVER BASIN

3785.00 Fish River near Silverhill, Ala. WS 55.1 July 1953-Present
MOBILE RIVER BASIN

4295.95 Little River near Uriah, Ala. WS 99.2 Oct. 1968-Sept. 30, 1979

4710.01 Chickasaw Creek near Kushla, Ala. WS 125 Oct. 1951-Present
PASCAGOULA RIVER BASIN

4795.00 Escatawpa River near Wilmer, Ala, WS 506 Aug. 1945-1973

WS - Water Stage recorder.
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AVERAGE DISCHARGE

The average flows of streams at gaging
stations in this area are listed in Table 4 both
as discharge (ft*/s) and as unit runoff in cubic
feet per second per square mile (ft*/s/mi?).
The latter is the average number of cubic feet
of water flowing per second from each square
mile of area drained, assuming that runoff is
distributed uniformly with regard to time and
area. The figures of unit runoff are useful for
comparing discharges of streams draining
basins of unequal size because it reduces
runoff from all basins to a common base, one
square mile. Average unit runoff varies from
less than 2 ft3/s/mi? to less than 2.5 ft3/s/mi?
in south Alabama. The mean annual dis-
charges of streams draining into Alabama
estuaries is given in Table 5.

FLOW-DURATION
CHARACTERISTICS

One of the most effective means for
evaluating streamflow variability is the
flow-duration curve. A cumulative frequency
curve shows the percentage of time in which
discharges were equaled or exceeded during a
given period. Many years of streamflow data
are concentrated into a graphic presentation
that indicates the general character of the
stream. The flow-duration curve is a useful
tool to compare the runoff characteristics of
different streams.

Because streamflow is the result of the
combined effects of climate, geology, and
topography, the profile of the flow-duration
curve is determined by these characteristics of
a drainage basin. The lower part of the profile
of the duration curve is an indication of the
natural storage in the basin, including ground-
water storage. A flat or concave upward slope
indicates a large amount of storage; a steep
slope indicates a negligible amount. Figure 18
shows the duration of daily flows (ft*/s/m?)
for four streams of this area in 1953-62.
The lower part of the flow-duration curves

for Fish and Styx Rivers are relatively flat,
indicating that ground water contributes to
the discharge of the river. These rivers have
cut through sand and gravel aquifers which
allow water outflow to the streams, therefore
providing high base flows.

LOW-FLOW INDEX

The median annual 7-day low flow of a
stream may serve as the low-flow index
(Figure 17). The annual 7-day low flow of a
stream is the lowest mean discharge for seven
consecutive days during a year. The index,
representing the discharge, allows a rapid
evaluation of the normal dry-weather capa-
bility of a stream to dilute wastes. Changes in
the chemical characteristics of selected
streams can result from changes in stream
discharge.

FLOODS

Flooding, one of coastal Alabama’s
greatest natural hazards, is a result of storm
surges and heavy rainfalls associated with
hurricanes and other tropical storms, convec-
tive thunderstorm activity, and frontal
passages. Base elevations of the 100-year
flood (the common name for a flood which
has a 1% chance of occurring annually) are
shown in Figure 19.

Hurricane Frederic was one of the most
intense hurricanes of record to enter the
United States mainland (12-13 September
1979). Flooding and water-related damages
were most severe in coastal Alabama, particu-
larly at Dauphin Island and Gulf Shores.
Maximum prevailing flood-tide elevations
were about 3 m (9.7 ft) at Dauphin Island,
about 3.1 m (10.3 ft) at the U.S. Highway 98
causeway across Mobile Bay, and about 4.4 m
(14.3 ft) at Gulf Shores. The approximate
flood boundaries of Hurricane Frederic were
compiled from U.S. Geological Survey atlas
maps and are delineated on Figure 20. The
effects of Hurricane Frederic ranged from
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Table 4. Duration of daily flow and average discharge (ft3/s) at gaging stations in the study area
(Discharge which was equaled or exceeded for indicated percentage of time) (Riccic et al. 1973).

U.S.G.S. station number and location

3765.00 3775.00 3785.00 4710.00 4795.00
Perdido River Styx River Fish River Chickasaw Creek? Escatawpa River
at Barrineau near Loxley, near Silverhill near Whistler, near Wilmer,
Park, Fla. Ala, Ala, Ala, Ala.
Percent of time (1942-62) (1952-62) (1954-62) (1952-62) (1946-62)

1 4,500 1,300 550 1,900 8,400

2 3,300 970 400 1,400 6,000

5 2,200 580 270 800 3,700

10 1,400 400 200 550 2,500
20 970 250 140 350 1,400
30 740 170 110 260 960
40 600 130 100 210 680
50 510 97 90 170 500
60 440 76 81 140 360
70 380 62 70 120 250
80 330 49 61 92 180
90 290 36 52 62 130
95 260 30 47 48 100
98 250 24 44 37 72
99 240 23 42 29 60
99.5 230 21 40 25 49
99.9 210 19 38 23 40

Average Discharge
ft3/$ 713 181 119 285 1,041
t3/5/mi2 1.96 1.94 2.16 2.32 2.06

4published now as “near Kushla.”



Table 5. A summary of the watershed area and mean annual discharge of streams
draining into Alabama estuaries (modified from Crance 1971).

Watershed
Mean discharge area Year of
Estuary and U.S.G.S. Station Number (ft3/s) (mi2) record
Mississippi Sound unknown 100
Mobile Bay
Montlimer Creek 02471065 18.6 8.57 5
Fish River 02378500 107.0 55.1 15
Additional 3600 300
Total 725.6 463.36
Mobile Delta
Alabama River 02429500 31,870 22,000 38
Tombigbee River 02470000 36,230 19,100 32
East Basset Creek 02470100 276 188 12
Chickasaw Creek 02471001 269 125 30
Additional a3 715 b3 239
Total 72,360 43,650
Perdido Bay
Perdido River 02376500 740 394 38
Jacks Branch 02376700 27.1 23.2 3
Styx River 02377500 170 93.2 17
Additional 931 507.6
Total 1,868.1 1,018.0
Totals 74,953.7 45,233.7
8Fstimated discharge.

bArea estimated by Crance.
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structural damage of buildings to alterations
of topography by wind and high water.

When circumstances permit, the simplest
and most effective method of protecting
against floodwaters is to remain beyond their
reach. A flood profile is useful for appraising
the elevation necessary to provide security
against floods. It is constructed by drawing
lines between known flood-crest elevations
plotted in their respective locations along the
stream, It closely indicates the highest eleva-
tion reached by a particular flood. Used with
topographic maps, the probable extent of
flooding at a particular locality along the
stream can be determined.

Data collected during the flood of 1961
(Barnes and Somers 1961; U.S. Army Corps
of Engineers 1963) are used to illustrate a
flood profile (Figure 21). This is the greatest
known flood on the Mobile River, having an
estimated recurrence interval of about 200
years. The flood profile shows this flood
produced a crest stage of only about 2 ft
above mean sea level near the mouth of the
river and along the head of Mobile Bay.
Information from the flood of 1979 revealed
similar flooding conditions.

Flood discharges have a pronounced
effect on estuarine salinities. Even in the
southernmost parts of Mobile Bay, high river
discharges can depress salinity values to very
low levels.

HYDROLOGIC UNITS

Seven U.S. Geological Survey hydrologic
units (drainage basins) or parts of units have
been recognized in Mobile and Baldwin
Counties (Figure 22). These units include
parts of the Escatawpa and Perdido River
basins, a small portion of the Alabama-
Tombigbee River basin, essentially all of the
Mobile River floodplain, the Mobile Bay
drainage basin excluding the Mobile River
floodplain, and the coastal basins in Mobile
and Baldwin Counties that drain directly into
the Gulf of Mexico. Approximately 83% of
the Escatawpa and 61% of the Perdido

drainage basins are within the Mobile-Baldwin
County area. The Mobile River basin covers
several states, thus being influenced by
hydrologic factors that are sometimes hun-
dreds of kilometers from the study area.
Table 6 lists characteristics of the three major
stream basins—the Escatawpa, Mobile, and
Perdido—in the study area.

MOBILE RIVER BASIN

The Mobile River is the dominant
fresh-water resource in coastal Alabama.
The river, formed by the confluence of the
Alabama and Tombigbee Rivers, flows as a
single channel for 8 km (5 mi), and then
branches into four major distributary streams
and numerous smaller ones. This complex
braided network of streams flows through the
old deltaic floodplain for about 56 km (35
mi) until it enters into Mobile Bay.

The stream network of the lower Mobile
River basin is composed of the Mobile,
Tensaw, Apalachee, and Blakeley Rivers. It is
estimated by the U.S. Army Corps of Engi-
neers that the total flow entering Mobile Bay
is distributed approximately as follows:
Mobile River—25%; Tensaw River—28%;
Apalachee River— 22%; and Blakeley River—
25% (Alabama Water Improvement Commis-
sion 1976).

Stream channels are characteristically
wide and shallow in cross-section and the
channel slopes are relatively flat, resulting in
low streamflow velocities. Time-of-travel for
the Mobile River from near Mt. Vernon,
Alabama to the mouth of the river at the head
of Mobile Bay is estimated to be about two
days for average flow conditions (Alabama
Water Improvement Commission 1976). Aver-
age flows occur when most of the flow is
neither storm runoff or ground-water dis-
charge.

The drainage area of the entire Mobile
River basin is 113,000 km? (43,629 mi?) and
includes areas in Alabama, Georgia, Mississip-
pi, and Tennessee (Figure 23). The mean
annual discharge of the river system is
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Table 6. Major basin characteristics, Mobile and Baldwin Counties.

Basin and Elevation

hydrologic Area (ft above MSL)
number unit i

(mi2)

Physiography

Major surface waters

Escatawpa
(03170008)

Mobile
(03160204)

Perdido
(03140106)

460

2,060

810

Pine Meadows
Southern Pine Hills

Pine Meadows
Southern Pine Hills

Southern Pine Hills
Western Highlands
Coastal Lowlands

Escatawpa River
Big Creek
Puppy Creek
Jackson Creek
Miller Creek

Mobile River
Tensaw River
Dog River

Fowl River

Fish River

Three Mile Creek
Chickasaw Creek
Blakeley River
Magnolia River
Halls Mill Creek

Perdido River

Styx River
Blackwater River
Hollinger Creek
Negro Creek
Bellefontaine Creek
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1,764,789 l/s (62,316.8 ft%/s). The T-day
average low flow of the Mobile River near Mt.
Vernon, Alabama is 222,880 1/s (7,870
ft3/s) (Hayes 1978). Table 7 lists monthly
mean discharges of selected streams in the
Mobile River basin. This large river receives
water from thousands of tributaries with
diverse qualities of water. Small towns and
large cities, each one affecting the quality
and quantity of the streamflow, depend on
the rivers of this basin for drinking water,
industrial water, wastewater disposal, naviga-
tion, and recreation.

There are no U.S. Geological Survey
continuous-record discharge stations for the
Mobile River. Discharges are often calculated
by adding the discharges computed at the
Claiborne Lock and Dam on the Alabama
River and Jackson Lock and Dam on the
Tombigbee River and multiplying the dis-
charge by a factor of 1.09 to correct for
drainage areas. Some flow data has been
gathered near Mt. Vernon but it has been
collected intermittently.

The Tennessee-Tombigbee Waterway
project, soon to be completed, will allow a
significant increase in barge traffic on the
Mobile River. Hydrologic modifications, such
as channel dredging, could change salinity
gradients, water quality, and natural flow
patterns in the river.

The average and low-flow conditions in
the Mobile River system will be altered upon
completion of the Tennessee-Tombigbee
Waterway. Present projections by the Mobile
District Office of the U.S. Army Corps of
Engineers (written comm. 1976) indicate that
in the first year of operation the average
flow in the Mobile River system can be
expected to increase by 24,070 l/s (850
ft3/s). In subsequent years, with full develop-
ment of the waterway, the average flow could
be increased by as much as 44,180 1/s (1,560
ft3/s). It is also projected that low flow in the
Mobile River system will be increased by
7,080 1/s (250 ft3/s) upon completion of the
project because the low flow of the Tombig-
bee River will be increased by that amount.
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PERDIDO RIVER BASIN

The Perdido River basin drains portions
of Alabama and Florida. In Alabama, the
Perdido River basin drains the eastern half of
Baldwin County and a small part of Escambia
County, encompassing approximately 2,098
km? (810 mi®). The major streams of this
basin are the Perdido River, Blackwater River,
and Styx River. The Florida portion of the
basin drains 619 km? (238 mi?).

There is large variability of flow in the
Perdido River with comparatively stable flows
during medium and low flow periods (May to
November) and high, more erratic flows
during floods (January to April). Monthly
mean discharges of streams flowing into
Perdido Bay are given in Table 8. Streamflow
of the Perdido River is variable, ranging from
flood flows of over 110,448 1/s (39,000
ft3/s) to flows as low as 5,324 1/s (188
ft 3/s) at Barrineau Park, Florida.

Throughout its length the Perdido River
channel contains sand bars and deep holes,
and the streambed is composed principally of
sand and gravel. Considerable water quality
and streamflow data have been collected at
the U.S. Geological Survey gaging station at
Barrineau Park.

ESCATAWPA RIVER BASIN

The Escatawpa River basin, which is part
of the Pascagoula River basin, covers approxi-
mately 1,196 km? (460 mi?®) in the western
part of Mobile County.

The major tributaries of this basin are the
Escatawpa River, Big Creek, Miller Creek,
Jackson Creek, and Puppy Creek.

A reservoir on Big Creek is the source of
drinking water for the city of Mobile. This
reservoir, impounded in 1952 by the con-
struction of a 1.6 km (1 mi) long dam with
spillway, covers 14.6 km? (5.6 mi?) and is
capable of delivering 100 to 120 Mgal/d to
the city.

Streamflow of the Escatawpa River is
variable, ranging from flood flows of over



Table 7. Monthly mean discharges (ft3/s) of streams in the Mobile River basin (Crance 1971).

Alabama Tombigbee Bgsass:tt Chickasaw Montlimer
Month River? River Creek® Creekd Creek®
January 36,772 38,854 344 342 23
February 54,267 54,422 531 370 23
March 65,267 67,908 521 389 18
April 60,547 62,353 , 449 452 22
May 32,241 26,048 208 199 16
June 18,620 9,111 184 231 15
July 16,992 9,028 185 234 18
August 13,192 3,852 94 254 16
September 13,051 4,023 120 194 12
October 14,251 5,142 118 179 : 15
November 16,646 9,741 208 217 13
December 31,234 22,074 326 238 17

2Alabama River at Claiborne, Alabama (Station Number: 02429500; Period of Record: 1955-1969).
bTombigbee River near Leroy, Alabama (Station Number: 02470000; Period of Record: 1951-1960).
CEast Bassett Creek at Walker Springs, Alabama (Station Number: 02470100; Period of Record: 1956-1969).
dChickasaw Creek near Whistler, Alabama (Station Number: 02471000; Period of Record: 1955-1969).
©Montlimer Creek at U.S. Highway 90 at Mobile, Alabama (Station Number: 02471065; Period of

Record: 1962-1967).
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Table 8. Monthly mean discharges (ft3/s) of streams draining into

Perdido Bay (Crance 1971).

Month Perdido River? Jacks BranchP Styx River®
January 755 20 218
February 897 45 254
March 785 37 209
April 1,075 50 229
May 566 10 129
June 631 32 154
July 615 21 169
August 558 14 212
September 551 32 176
October 516 25 136
November 483 11 110
December 674 21 ' 141

3perdido River at Barrineau Park, Florida (Station Number: 02376500;

Period of Record: 1954-1968).

Pjacks Branch near Muscogee, Florida (Station Number: 02376700; Period

of Record: 1958-1962).

CStyx River near Loxley, Alabama (Station Number: 02377500; Period

of Record: 1958-1969).

311,520 1/s (11,000 ft3/s) to flows as low as
3,965 1/s (140 ft3/s) near Wilmer, Alabama.
The reaches of the Escatawpa River near Deer
Park and Citronelle have disproportionally
low flows, probably due to a form of water-
shed leakage induced by topographic features
and favored by structural attitudes of aquifers
feeding the stream (Peirce 1966).
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MOBILE BAY UNIT

Numerous small streams and rivers
comprise a drainage basin of 1,554 km?
(600 mi?). The major streams are the Fish
River, Dog River, Bon Secour River, Magnolia
River, and Fowl River. Except for Fish River,
little information on streamflow is available
for these streams.



COASTAL UNITS

East and west of Mobile Bay are two
small hydrologic units (Figure 22) that
represent areas of coastal marshes, sand
dunes, and beaches of quartz sand.

The major streams within the Western
Coastal hydrologic unit are the Little River,
Hammar Creek, and other streams near Bayou
La Batre. Peirce (1966) determined that larger
streams originating in south Mobile County
have well-sustained low flows; however,
smaller streams in upland areas have not
cut their channels deeply enough into the
sandy soil to intercept the water table when it
is low during the summer and fall months.
Thus, these streams flow only intermittently
when the rate of precipitation exceeds the
infiltration capacity of the soil, as during
intense rain or when the water table is high
enough to provide water to the stream chan-
nels by seepage (Table 9).

During periods of flood tide highly min-
eralized water moves into streams in the
southern and eastern parts of Mobile County.
The extent of tidal flood movement inland
depends on such factors as stream discharge,
tidal variation, and shape and configuration of
the stream channel (Reed and McCain 1971).

The major streams within the Eastern
Coastal hydrologic unit are Wolf Creek,
Graham Creek, Palmetto Creek, Soldier
Creek, and the Intracoastal Waterway. The
Intracoastal Waterway is 28.8 km (17.9 mi)
long and has a channel 3.7 m (12 ft) deep and
38.1 m (125 ft) wide. The waterway extends
from the Ono Island area into Bon Secour
Bay terminating near the mouth of Mobile
Bay. Another waterway constructed by the
U.S. Army Corps of Engineers is the small
Perdido Pass Channel. It is 3.06 km (1.9 mi)
long and 30.48 m (100 ft) wide. The many
small tidewater creeks and some of the rivers
in this area are subject to inundation during
high tides and storm events.

Table 9. Streamflow of selected streams in Western Coastal

hydrologic unit (Peirce 1966).

Mean annual 7- Average
Stream Quadrant day low flow? flow?

Jackson Creek SW1SWY Sec. 17, - 3.29 (75)
T.6S.,R.4W.

Franklin Creek SEY4NW4 Sec. 4, 0.037 (8.4) 1.00 (23)
T.7S,R. 4 W.

Manor Creek SWUNEY Sec. 26, - 0.88 (20)
T.7S.,R.3W.

Fowl River NEWUNWY Sec. 28, 0.66 (15) 3.50 (80)
T.7S.,,R.2W.

Rabbit Creek NEYNEY Sec. 24, - 0.88 (20)
T.58.,R.2W.

a1n m3/s (Mgal/d)

51



ALABAMA-TOMBIGBEE
RIVER BASIN

A small portion of forested land consist-
ing of less than 52 km? (20 mi?) in northern
Mobile County is contained in the Lower
Tombigbee basin. About 259 km? (100 mi?)
of the northernmost tip of Baldwin County is
in the Alabama River basin. The major
tributaries of this basin are Holley Creek,
Turkey Creek, and Little River.

WATER TEMPERATURE

In Mobile and Baldwin Counties surface-
water temperatures are directly related to air
temperatures, Stream temperatures in coastal
Alabama vary from a minimum of 3°C (38°F)
to 7°C (44°F) during the months of January
and February to a high of 27°C (80°F) to 33°C
(92°F) during the months of July and August
(Avrett and Carroon 1964).

The large withdrawals and discharges of
cooling water by power plants, and waste-
water discharges into streams of Mobile and
Baldwin Counties often modify seasonal
water temperatures. The upper reaches of the
Mobile River and Chickasaw Creek are two
such streams subject to thermal modification.
The modification of stream temperature
affects to some extent the stream ecosystem
because the physical, chemical, and biological
properties of water are often closely related
to its temperature.

ESTUARIES AND EMBAYMENTS

A complex estuarine system is partially
separated from the Gulf of Mexico by Fort
Morgan Peninsula, and Dauphin and Petit Bois
Islands. Its main components are Mississippi
Sound, Mobile Bay, Mobile Delta, Little
Lagoon, and Perdido Bay. These estuaries are
mixing zones affected by both fresh and salt
waters and each has unique hydrologic
characteristics. Collectively, these estuaries
and embayments have a surface area of
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159,792 ha (394,712 acres) of open water
and 679 km (433 mi) of shoreline (Table 10).

SALINITY

One of the major hydrographical and
ecological aspects of coastal Alabama is the
presence of saline waters. The average salinity
of the world’s oceans is 35 parts of salt per
1,000 parts of water (Goldberg 1963). Sea-
water salinity often changes but the propor-
tion of salts to each other remains relatively
constant. Coastal Alabama is under a slightly
lower salinity regime than the other areas of
the world because the waters of the Missis-
sippi River tend to lower the salinity of the
Gulf of Mexico and thus reduce salt concen-
trations for Alabama’s estuaries (Parker et al.
1974). In Mobile Bay, the most important
factor influencing salinity is the discharge
of fresh water from the Mobile River basin.

Salinities of inland coastal waters can
change rapidly from ocean concentrations
during periods of low fresh-water discharge to
less than 0.5 ppt during floods. Estuarine
waters can also become stratified, or more
saline on the bottom and fresher at the
surface. Stratified water often occurs in
Mobile Bay due to the slight difference in
densities of bay water and river water.

Normally, Mobile Bay would be classi-
fied as a partially mixed estuary because of its
relatively shallow bathymetry. The Mobile
Ship Channel, however, has a pronounced
effect upon salinity of the bay. Spoil banks
that parallel the ship channel partition the
bay and possibly inhibit mixing of the water
resulting in the formation of a salt-water
wedge within the channel. Penetration of the
wedge north into Mobile Bay is dependent
upon river discharge. For discharges of less
than 283,000 1/s (10,000 ft3/s), the wedge
has been observed 36.8 km (23 mi) upstream
from Mobile in the Mobile River (Figure
24).

Bault (1972) showed that a similar
pattern of stratification occurred in Perdido



Table 10. Dimensions of Alabama’s bays and estuaries (Crance 1971).

Dimensions of Mississippi Sound estuary at mean high water.

Surface area Average Volume of

of open water depth open water

Subarea (acres) (feet) (acre-feet)
Mississippi Sound 72,162 11.72 845,739
Portersville Bay (East) 7,688 4.54 34,904
Fowl River Bay 845 3.26 2,755
West Fowl River 180 4.0 720
Bayou Coden 12 6.0 72
Grand Bay 6,154 5.14 31,632
Bayou La Fourche 430 1.90 817
Sandy Bay 222 3.07 682
Bull Bay Bayou 75 2.00 150
Grand Bayou 9 2.5 23
Portersville Bay (West) 1,718 4.69 8,057
Little Bay 98 2.00 196
Bayou La Batre 101 10.0 1,010
Little River 44 4.0 176
Heron Bay 1,914 2.52 4,823
Heron Bayou 292 2.40 701
Dauphin Island Bay 758 4.26 3,229
Total estuary 92,702 10.09 935,686

Dimensions of Mobile Bay estuary at mean high water.
Mobile Bay, south of battleship

Parkway, west of ship channel 78,985 9.42 753,459
Pelican Bay 7,485 13.49 100,973
Dog River 1,426 4.5 6,417
Halls Mill Creek 94 4.0 376
Rabbit Creek 78 3.5 273
Alligator Bayou 417 4.0 188
Perch Creek 25 4.0 100
Robinson Bayou 22 3.0 66
Rattlesnake Bayou 13 4.0 52
Moore Creek 8 3.5 28
East Fowl River 629 6.70 4,214
Deer River, Middle and North Fork 40 11.0 440
Deer River, South Fork 1 3.5 25
Subtotal 88,859 866,611
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Table 10. Continued

Dimensions of Mobile Bay estuary at mean high water.

Surface area Average Volume of

of open water depth open water

Subarea (acres) (feet) (acre-feet)

Mobile Bay, south of battleship
Parkway, east of ship channel 170,358 9.93 1,691,655
Weeks Bay 1,718 4.76 8,178
Bay John-Ducker Bay 929 3.91 3,632
Oyster Bay 124 3.18 2,302
Bon Secour River 594 5.30 3,148
Fish River 386 7.50 2,895
Blakeley River 265 12.94 3,429
D’Olive Bay 254 2.60 660
Magnolia River 203 7.50 1,523
Apalachee River 131 9.63 1,262
D’Olive Creek 41 2.50 103
Fly Creek 8 6.0 48
Subtotal 175,611 1,718,835
Total estuary 264,470 9.74 2,585,446
Dimensions of Mobile delta estuary at mean high water.

Grand Bay 1,963 3.62 7,106
Chacaloochee Bay - 1,919 2.72 5,220
Polecat Bay 1,693 2.22 3,758
Chuckfee Bay 598 3.54 2,117
Delvan Bay 531 2.85 1,513
Bay Minette 403 5.02 2,023
Big Bateau Bay 288 2.50 720
Bay Minette Basin 194 3.97 770
Justin Bay 158 2.50 395
Little Bateau Bay 74 2.50 185
Tensaw River 3,473 20.70 17,891
Mobile River 2,216 21.40 47,422
Apalachee River 1,085 14.27 15,483
Spanish River 1,060 15.80 16,748
Raft River 673 14.80 9,960
Bayou Canot 477 18.30 8,729
Blakeley River 471 11.19 5,270
Briar Creek 372 13.30 4,948
Chickasaw Creek 310 11.30 3,503
Bayou Sara 304 12.90 3,922
Bay Minette Creek 190 10.30 1,957
Three Mile Creek 74 11.10 821
Industrial Canal 39 16.24 633
Other 1,758 3.00 5,274
Total estuary 20,323 10.84 166,368
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Table 10. Concluded.

Dimensions of Perdido Bay estuary at mean high water.

Surface area Average Volume of

of open water depth open water

Subarea (acres) (feet) (acre-feet)
Perdido Bay 10,174 8.37 85,156
Wolf Bay 3,330 5.48 18,248
Bay La Launch 1,059 8.55 9,054
Terry Cove and Cotton Bayou 1,009 5.67 5721
Arnica Bay 792 8.38 6,637
Perdido River north to Blackwater River 478 15.10 7,218
Soldier Creek 270 6.13 1,655
Intracoastal Waterway 159 12.50 1,988
Total estuary 17,217 7.86 135,677

Bay. However, the wedge that develops in TIDES

Perdido Bay apparently does not extend as far
upstream into the Perdido River as does the
wedge in Mobile Bay. Figure 25 shows the
average monthly surface salinity at Perdido
Pass and in Perdido Bay. Stratification in
Perdido Pass is limited because of mixing of
the waters during tidal exchanges.

Figures 26 and 27 are bimonthly surface
and bottom isohaline maps of Mobile Bay and
Mississippi Sound. The surface isohaline maps
show progressively higher concentrations of
salt during periods of low river discharge.
Isohaline maps of the bay bottom reveal the
salt-water wedge that has developed due to
channelization.

Figure 28 shows the difference in
stratification in the Mobile Ship Channel
between periods of ebb and flood tide. During
ebb tides the stratification is much more
pronounced because more fresh water is
allowed to flow out of the Mobile River basin.

Figure 25 shows that the salinity in
Little Lagoon is highest in the summer and
lowest in the winter and spring. The low
salinities are probably due to increased
precipitation while the high salinities are due
to increased evaporation and low rainfall.

Along coastal Alabama the tidal cycle is
a diurnal type with one high and one low tide
occurring in a day. The interval between
succeeding high (or low) stages is about 24.8
hours but it may vary. Accurate tidal fore-
casts are published annually by the U.S.
Department of Commerce in “Tide Tables—
East Coast of North and South America.”

In Mobile Bay, the mean tidal range is
about 0.46 m (1.5 ft) in the upper end, 0.49
m (1.6 ft) in Bon Secour Bay, and 0.37 m
(1.2 ft) at the mouth of the bay. In Missis-
sippi Sound, the mean diurnal tide range is
0.34 m (1.1 ft) in Dauphin Island Bay and
0.46 m (1.5 ft) in Bayou La Batre. In Perdido
Pass, the mean tidal range is about 0.18 m
(0.6 ft).

Tides are extremely important to the
existence and maintenance of Alabama’s
estuaries. They affect currents and circulation
patterns in bays, sounds, and inlets, and their
vertical range determines in part, the extent
of tidal marshes and mud flats. In addition,
they are a determining factor in the areal
distribution of many organisms occurring
within the area.
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Tides are governed by many factors, the
most important of which is the moon and its
gravitational pull. The largest tidal variations
are due to differences in the moon’s angle of
declination with respect to the equator.
Equatorial tides have the least range between
high and low tides and occur when the moon
is nearest the equator and has the least
declination. Tropic tides, on the other hand,
have the largest range and occur when the
moon is farthest from the equator and has the
largest declination. The cycle is called a
tropical month and is completed every 27.2
days.

Astronomical tides are principally daily
with an average range of <0.5 m. During the
tropic tides, the range can reach 0.8 m, while
during the equatorial tides, the range can be
<0.1 m. Periods of semi-daily tides usually
occur twice a month for one to three days
at a time (Schroeder 1979a). Additional
information on tides can be found in Marmer
(1954) and McPhearson (1970).

Another type of lunar month that also
affects tides is the synodic month (new moon
to new moon), and takes 29.53 days per
cycle. When the moon, sun, and earth are in
or approaching syzygy (a straight line of three
or more celestial bodies), spring tides occur.
Spring tides occur during the new and full
moon and have the largest range of the
synodic tides. When the moon, sun and earth
form an angle at or near 90°, neap tides occur.
Neap tides occur during the first and third
quarters, and have the least range of the
synodic tides. Mean tidal range is the term
that is most commonly used when speaking of
tidal variation, and is defined as the range
between the average high tide and the average

low tide.
Factors other than the position of the

sun, moon, and earth that affect tidal varia-
tion are winds, fresh-water discharge, and
storms. Of these factors storms, although
occurring infrequently, are by far the most
important. Storm tides are normally consider-
ably higher than the highest equatorial tides

and can be destructive. Storm tides associated
with hurricanes can be 3 m (10 ft) or more
above mean tide levels.

Winds, other than those associated with
storms, affect tidal range most frequently.
South winds tend to concentrate water in
northern Mobile Bay and inhibit ebb tides by
retarding streamflow whereas north winds
tend to push salt water out of the bays and
inhibit flood tides.

Fresh-water discharge also affects tidal
variation. During periods of high river dis-
charge tides are higher than normal because
of extra water in the bays. However, the
significance of flooding is not nearly as great
as one might expect. Even the largest floods
will raise the level of Mobile Bay an average of
less than 0.6 m (2 ft), which is considerably
less than storm tides.

CURRENTS, CIRCULATION,
SEDIMENTATION, AND EROSION

Many factors contribute to the circula-
tion patterns of Alabama’s coastal waters.
These include tides, fresh-water discharges,
shoreline configuration, winds, longshore
currents, and the Coriolis force.

Tidal currents are of the reversing or
rectilinear type. Flood currents flow into
estuaries for about 6 hours and ebb currents
flow seaward for about 6 hours. The change
from flood to ebb and back to flood tide gives
rise to periods during which there is no
current. Longshore currents in the Gulf of
Mexico flow parallel to the shore in a net
westerly direction.

Stream and river discharges affect
circulation patterns and currents in that they
tend to increase ebb current velocities and
decrease flood current velocities. During
periods of high discharge fresh water moves
with such force that it can alter, at least for
short periods, normal circulation patterns
within estuaries.

Shoreline configuration also plays a
significant role in estuarine circulation pat-
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terns. A point, spit, or island will deflect
surface water and thus alter current direction
and circulation pattern.

Coriolis forces are produced by rotation
of the earth on its axis, and in the northern
hemisphere, tend to deflect all moving objects
to the right. It is most influential in wider
estuaries where current flows are unrestricted
by shorelines.

Sediment includes solid materials wea-
thered from rocks, chemical and biochemical
precipitates, and decomposed organic mate-
rial. The quantity, characteristics, and causes
of sediment occurrence in streams are influ-
enced by factors such as degree of slope,
length of slope, soil characteristics, land
use, and quantity and intensity of precipita-
tion.

Sedimentation of coastal embayments
occurs by both natural and man-made proces-
ses. Sediments within coastal waters range
from clean sands to relatively pure clays, with
various mixtures of sand, silt and clay cover-
ing much of the area. The distribution of
these sediments is an indication of the average
pattern of circulation, and may provide
valuable information about circulation chan-
ges through time.

Modern methods of studying sediment
dispersal rely heavily upon remote sensing.
This tool has not been thoroughly utilized in
the study of sediments in Mobile Bay (Lamb
1979).

PERDIDO BAY

In 1964 the U.S. Army Corps of Engi-
neers measured tidal currents in Perdido Pass
over a 24-hour period and reported that the
mean flood tide velocity was 0.8 m/s (2.5
ft/s) with a maximum velocity of 1.2 m/s (4.0
ft/s). The mean ebb tide velocity was 0.6 m/s
(2.0 ft/s) with a maximum of 0.7 m/s (2.3
ft/s). Figure 29 shows both the surface and
bottom currents during flood tide and Figure
30 shows those currents during ebb tides.
During flood tide, surface currents moved
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consistently toward the mouth of Perdido
Bay. The bottom currents, however, showed a
more complex pattern. Waters from the
Perdido River and Eleven Mile Creek flowed
outward for a short distance and then were
deflected in a counterclockwise direction by
the bottom currents flowing into the bay
from the Gulf of Mexico.

During the ebb tide the general current
patterns were much more consistent. Both the
surface currents and the bottom currents were
directed toward the Gulf of Mexico.

The shores of Perdido Bay are well
drained because elevations rise abruptly 9.1 to
21.3 m (30 to 70 ft) on the west side of the
bay and 1.5 to 4.6 m (5 to 15 ft) along the
remaining shore (Parker 1968).

Perdido Bay has experienced little
measurable shoreline change along the Ala-
bama portions of the bay, but significant
changes have occurred as the result of excava-
tions by local residents, hurricanes, and
westward littoral drift (Hardin et al. 1976).
Jetties have been constructed to arrest the
westward drift of the shoreline that tends to
close Perdido Pass.

Sediments in Perdido and Wolf Bays
consist of estuarine clayey silt and silty clay
in the central part and clean, well-sorted,
bay-margin quartz sand around the periphery
(Figure 31). The northern part of Perdido Bay
is floored by delta-front silty sand, silt, and
sand. Bayou St. John, Old River, and Big
Lagoon are floored mainly by sand with some
silty sand and clayey silt (Parker 1968).
Sedimentation rates for the Perdido Bay
system are not known.

MISSISSIPPI SOUND

The northern shoreline of Mississippi
Sound consists primarily of low-lying salt
marshes with numerous tidal creeks. The
southern shoreline is comprised of a series of
sandy barrier islands that protect the northern
marshy coast from the full impacts of gulf
wave action.
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The configuration of the barrier islands
is constantly changing, and such changes
probably alter circulation patterns in Missis-
sippi Sound. Foxworth et al. (1962) indicated
that during flood tides longshore currents of
the Gulf of Mexico move through the passes
between the barrier islands. On early ebb tide,
currents are reversed at the surface but deeper
currents remain unchanged until the late ebb
tide when all currents are passing back into
the gulf. The interchange of water between
the sound and Mobile Bay further complicates
the circulation patterns.

Longshore currents in the Gulf of
Mexico move east to west at rates of 0.5 to
1.8 m/s (1.5 to 4.4 ft/s), and on the incoming
tides flow increases to 1.3 to 2.7 m/s (4.4 to
8.8 ft/s) (Chermock 1974). Wave action
intensity on the Alabama-Mississippi Shelf is
low to moderate with wave periods from 3 to
8 seconds and wave heights rarely over 1 m
(0.9 ft) except during storms or high winds.

The Alabama portion of Mississippi
Sound does not receive water directly from a
large river such as the Perdido or Mobile
River, but portions of Mobile Bay discharge
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Figure 32. Sediment distribution

enter Mississippi Sound. The northern shore-
line of Mississippi Sound has experienced net
shoreline erosion of at least 1.2 m (3.8 ft) per
year for the last 100 years (Hardin et al.
1976).

Sediments are brought into the sound
from various sources, and from different
directions. Some sediments are brought in
from Mobile Bay, some from the Gulf of
Mexico on the south, and some from the
northern, mainland, shore. Once in the sound,
these sediments are distributed by a complex
current system (Isphording and Lamb 1980b).
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in Mississippi Sound (Boone 1973).

Sediments in Mississippi Sound (Figure
32) consist of estuarine silt and clay in much
of the central part and bay-margin sands
around the periphery (Upshaw et al. 1966).
The estuarine sediment facies are character-
ized by variable lithology, general lack of
stratification, abundance of mottles (biotur-
bation), and irregular pods of differing
lithology (Curray and Moore 1963; Rainwater
1964). Bay-margin sands are quartzose with 1
to 2% heavy minerals (Foxworth et al. 1962).
Medium and coarse sand generally occurs
along the mainland beaches west of Pasca-



goula; whereas, fine sand, silt, and clay occurs
east of Pascagoula (Upshaw et al. 1966).
Medium to coarse sand occurs along barrier-
island beaches facing the sound (Upshaw et al.
1966; Weidie 1968). Holocene sediments
range in thickness from about 1.5 m (5 ft) in
the northern part of the sound to 12 to 18 m
(40 to 60 ft) at the barrier island (Ludwick
1964). Sedimentation rates have been esti-
mated at 0.25 mm (0.8 ft) per 1,000 years
(Ludwick 1964) to 1.2 m (4 ft) per 1,000
years (Rainwater 1964). Upshaw et al. (1966)
indicated the higher rate is more probable,
but “. . . the question about the rate of
deposition in Mississippi Sound is not re-
solved.”

MOBILE BAY

Average current velocities associated
with flood and ebb tides for several locations
in Mobile Bay vary between 0.15 and 0.76
m/s (0.5 and 2.5 ft/s).

Austin (1954) investigated circulation
during periods of unusually low river flow and
developed tidal flushing rates for Mobile Bay.
Ryan (1969) identified flow circulation as
first coming from the Mobile Bay tidal pass
then being deflected to the east, and then
northward in a counterclockwise direction.

A more recent concept of circulation
patterns within Mobile Bay has been sug-
gested by Schroeder (1974). His concept of
flood tide circulation differs considerably
from that of Austin (1954). Schroeder
described the flood tide flow as spreading
evenly from both the Gulf of Mexico and
Mississippi Sound and the ebb tide circulation
as a rapid movement directly out of the bay.
Models of the bay have been developed by
April et al. (1976), Pitts and Farmer (1976),
and Gaume et al. (1978). The major irregular-
ities between these studies are in the Dauphin
Island area where flow is deflected by the
pile-up of water along Dauphin Island and
Little Dauphin Island. Taking into consid-
eration a zero wind velocity, inflow and

outflow circulation profiles are shown in
Figures 33 and 34. These profiles were
derived by a hydrodynamic model by April et
al. (1976).

An annual average of 4.7 million tons of
suspended sediment and an unknown quan-
tity of bed load are currently transported into
Mobile Bay (Ryan 1969). As the sediments
encounter increasing salinity and decreasing
water velocity of the bay, many suspended
particles flocculate and settle. As shown
in Figure 35, the bay bottom is composed
mostly of silty clays and clays; while coarser
inorganic sands encircle the bay near its
shores. Annually about 1.4 million tons of
sediment pass through the estuary, some of
which are deposited to the south and west of
the tidal inlet.

According to Chermock (1974), sedi-
ments in northern Mobile Bay are prodeltaic
silts, clayey silts and delta front sands and
silty sands. In the southern part of the bay,
sediments are estuarine silty clay and clay.
Toward the periphery of the bay are bay-
margin sands and clayey sands. Oyster shell
accumulations occur locally, forming oyster
shell bottoms and reefs. Holocene sediments
are from 5 to 6 m (15 to 20 ft) thick in the
western parts of the bay.

Ryan (1969) summarized results of 310
“grab”’ samples of the upper 5 to 8 cm (2 to 3
inches) of sediments within the bay. The U.S.
Army Corps of Engineers collected sediment
samples from the harbor portion of the bay in
1971 and 1974. In the 1974 study sediment
core samples were collected along the align-
ment of the Mobile and proposed Theodore
Ship Channel. Analyses included physical,
chemical, heavy metals, bacteriological, and
pesticides by the bulk analyses technique, and
elutriate analyses for chemical and heavy
metals constituents. Results of the elutriate
analyses for the sandy upper bay sediments
indicated that the nutrient-related constitu-
ents, such as ammonia nitrogen and total
Kjeldahl nitrogen, displayed the greatest
potential to be released to the water column.
Analyses of heavy metals in the dike construc-
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tion material, however, indicated only nickel

and zinc would be released to the water

column. The study of the bottom sediments
of Mobile Bay and the harbor channels has
been fairly well documented in recent years

(Technical Committee for Analysis of Mobile

Bay Dredging 1972; Chermock 1974; U.S.

Army Corps of Engineers 1980). The Techni-

cal Committee for Analysis of Mobile Bay

Dredging (1972) collected sediment samples

from 33 stations in the Mobile Bay area,

including 17 stations located in the bay
proper. The sediment samples were analyzed
for volatile solids, COD, TKN, phosphorous,
chromium, zinec, lead, copper, and mercury.

Results of the study indicated that:

a. The concentrations for all param-
eters analyzed were generally higher
in the clay, silty clays, and clayey
silts, rather than the sand and silty sand
bottom;

b. The concentrations of the materials
generally appear to increase with dis-
tance from the Highway 90 causeway
(Ryan 1969);

c. The relationship of concentration with
depth varied from station to station with
no discernible pattern. However, most
often no change was exhibited with
depth.

The Alabama Highway Department
conducted extensive subsurface investigations
in connection with the bridge crossing of
Interstate Highway 10 at the delta front. As a
result of the analyses, it was found that the
trace metals in the sediments are stratified
and increased with depth. Surface lead, zinc,
and mercury west of the Tensaw River nearer
the city of Mobile were higher than to the
east.

Isphording and Lamb (1980a) conducted
a study to determine the mineralogy and
spatial variation of clay species within Mobile
Bay. Data on textural distribution of bay
sediments collected during the study were
used in selecting 60 sampling stations for a
study of the chemical quality of bottom

sediments in Mobile Bay (Malatino 1980).
The chemical quality of bottom sediments in
the bay is summarized in Table 11. Sediments
were found to consist primarily of calcium,
magnesium, iron, and manganese compounds.
Concentrations of the metals cobalt, copper,
zinc, arsenic, selenium, silver, cadmium,
mercury, and lead were low. These metals
were distributed uniformly throughout Mo-
bile Bay. These analyses were for total sample
(sand, silt, and clay fractions).

Ryan (1969) and Hardin et al. (1976)
agree on sedimentation rates of 1.2 m (4 ft)
per 110 years in the delta area and 0.6 to 1.0
m (2 to 3 ft) per 110 years in Bon Secour
Bay. Hardin et al. report that the rate of
filling appears to be decreasing in the upper
bay and increasing in the lower bay. As a
result of filling, Mobile Bay will shrink in size
and the delta will prograde southward (Hardin
et al. 1976).

Tanner et al. (1969) identified four
processes by which man has modified the
natural sedimentation rate in Mobile Bay.
These are (1) change in sediment influx into
the estuary by water conservation and agricul-
tural processes, (2) modification of circula-
tion within the estuary by construction of
landfill causeways, landfill residential sites,
and creation of spoil banks adjacent to
navigation channels, (3) resuspension of sedi-
ment by dredging navigation channels and
oyster shell, and (4) introduction of solid
wastes from municipal and industrial plants.

Ryan (1969) reported that construction
of the Mobile Ship Channel resulted in
modification of natural circulation patterns
within the bay causing above-average rates of
sediment accumulation in the southwestern
part of the bay.

The effects of dredging in Mobile Bay
were studied by May (1973a). It was con-
cluded that the resuspension of sediments by
dredging activity does not have serious
detrimental effects on the estuarine environ-
ment.
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Table 11. Chemical quality of Mobile Bay sediments (modified from Malatino 1980).

Parameter

Concentration range 2

Aluminum (Al)
Arsenic (As)
Barium (Ba)
Cadmium (Cd)
Calcium (Ca)
Cobalt (Co)
Iron (Fe)

Lead (Pb)
Mercury (Hg)
Manganese (Mn)
Magnesium (Mg)
Selenium (Se)
Silicon (Si)
Silver (Ag)
Titanium (Ti)
Strontium (Sr)
Zinc (Zn)
Copper (Cu)
Chromium (Cr)
Nitrogen (N)
Volatile solids
Organic carbon
Phosphorus (P)

10-50
1-14
10-640
<10-10
nondetectable to 67,000
5-30
2,000 - 42,000
nondetectable to <10
<02-1.1
12 -1,600
80 - 7,200
<1-1.0
1-10
all <10
all <10
10 -390
40 - 1,200
5-120
nondetectable to 90
0.0000 - 0.019%
0.1-9.1%
0.01-0.12
0.0000 - 0.0019%

aAll parameters in micrograms per gram (ug/g) except where indicated.

Historical events have had a profound
effect on bay sedimentation. The first of
these was the introduction of extensive
agriculture. As forests were cleared and lands
plowed, a marked increase in runoff and
erosion rates occurred, and consequently the
amount of sediment being supplied to the bay
increased. In the present century there has
been a trend toward less extensive farming,
with more land acreage being devoted to
forests and pasture throughout drainage
basins. Although there are insufficient data to
prove a reduction in the rate of sedimenta-
tion, it is probable that such a reduction has
taken place. Construction of dams along all of
the major rivers throughout the Mobile basin
has caused a reduction in the amount of
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river-borne sediment. There are now over 20
dams on these rivers with more planned.

Other human activities, such as dredging
and filling within the bay, have tended to
rearrange sediment distribution and drasti-
cally affect some local areas of the bay, but
the overall sediment budget has not greatly
changed (Lamb 1979). The greatest deposi-
tion of sediments in and near Mobile Bay
occurs in four areas: (1)east of Mobile,
(2) east of Dauphin Island, (3)south of
Dauphin Island, and (4) north of Point Clear.

Three areas where shoreline has been
eroded by 1.5 to 3.0 m (5 to 10 ft) in the last
100 years are (1) off Mobile, (2) in the tidal
pass, and (3) along the Gulf of Mexico border-
ing Mobile Point.



WATER TEMPERATURE

Water temperatures of Alabama estuaries
vary seasonally reflecting changes in air
temperature (Figure 36). Vertical variation
from surface to bottom is relatively slight
because of the constant mixing caused by
tidal action, currents, river discharge and
winds. In general, from January to April
bottom temperatures are slightly higher,
whereas during the remainder of the year
surface temperatures are higher (McPhearson
1970). The average annual temperature tends
to be fairly constant throughout the estuaries
with bottom temperatures normally being
slightly less than those at the surface (Table
12).

From November to April, there is a
north-south gradient in Mobile Bay charac-
terized by an increase in surface temperature
that continues into Mississippi Sound. This
gradient is less pronounced during the warmer
months. Bottom temperatures also show this
gradient from September through April.
Figures 37 and 38 show surface and bottom
isothermal maps, respectively.

Most animals and plants found within
estuaries and offshore waters of Alabama are
poikilothermic, their body temperatures vary-
ing with that of the environment. Since
metabolic activity is influenced by tempera-
ture, their rates of growth, activity and
reproduction are usually closely associated
with water temperatures.

WATER QUALITY

The chemical quality of water is charac-
terized by concentrations of dissolved ions
and suspended solids. Most major constituents
are reported in milligrams per liter (mg/l),
which is equivalent to parts per million
(ppm), though some minor elements are
reported in micrograms per liter (ug/1), which
is equivalent to parts per billion (ppb).
Biologists, chemists and engineers have
learned from past experience and research,

the quantities of many of these ions that can
be tolerated by humans, plants, and industrial
processes. These quantities are referred to as
“criteria’” for use and are often very different
for each use.

The chemical quality of streams in
Mobile and Baldwin County is often cate-
gorized by the degree of mineral content. The
total minerals in the water is often referred to
as the total dissolved solids (TDS). Most
fresh-water streams in coastal Alabama have a
TDS of 100 mg/1 or less. The total dissolved
solids of seawater is much higher than the
fresh water of the streams in coastal Alabama.

Table 13 is a comparison of the average
chemical composition of water from the gulf,
Mobile, Perdido, and Escatawpa Rivers. The
chemical analysis of water from the Mobile
River at Creola reflects a “mixed’” water
sample from both the Mobile River and
Mobile Bay waters.

PERDIDO RIVER BASIN

Streams in the Perdido River basin are
usually low in mineral content. Most of the
streams in this basin have sodium chloride
type water. The Perdido River near Barrineau
Park, Florida has a TDS ranging from 17 to
52 mg/1, with silica often being the prominent
mineral. Locally, the water is acidic and may
be objectionable for some uses. A major
tributary of the Perdido River, the Styx
River, near Loxley has a sodium chloride type
water and trends toward a sodium bicarbo-
nate type at low flow (Peirce 1966). Hollinger
Creek receives large volumes of wastewater
from a sewage treatment plant near Bay
Minette. This results in water-quality prob-
lems at low flow even though the mineral
content is not significantly elevated. The
problems of wastewater discharge will be
discussed in following sections.
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Table 12. Average annual surface and bottom temperatures (°C) in Alabama

estuaries (Chermock 1974).

Location Surface Bottom

Upper Mobile Bay 22.4 21.9
Middle Mobile Bay 22.9 22.4
Lower Mobile Bay 23.5 23.3
Bon Secour Bay 23.4 21.5
Entrance to Mobile Bay 23.5 231
Northern Mississippi Sound 23.7 23.3
Southern Mississippi Sound 23.0 22.5
Little Lagoon 22.7 -

Perdido Pass 20.8 20.1
Wolf Bay 20.9 20.9
Perdido Bay 20.4 20.9
Oyster Bay 20.7 20.3
Pass aux Herons 20.2 19.6

ESCATAWPA RIVER BASIN MOBILE RIVER BASIN

Water-quality data for the Escatawpa
River basin has been published by the U.S.
Geological Survey for the gaging stations near
Agricola, Mississippi and near Wilmer, Ala-
bama. Data collected at these stations indicate
that the river contains water of very good
quality. The water is normally low in mineral
content, but the iron concentration may be
above drinking water limits (0.3 mg/l, U.S.
Public Health Department 1962) at certain
times of the year. The chemical composition
indicates that the water is a sodium chloride
type at high flows and a calcium chloride type
at low flows. This change in water quality
type is unusual because no other streams
adjacent to this river basin nor below the
confluence of the Tombigbee and Alabama
Rivers have similar changes.

A reservoir on Big Creek is a source of
good quality water for the city of Mobile.
Puppy Creek and Beaver Pond Branch, in the
northern portion of the Escatawpa River
basin, have experienced water-quality prob-
lems due to salt-water spills from oil field
activities in the Citronelle area (Hinkle 1981).

The quality of water in the Mobile River
is largely dependent on the water quality of
its major tributary rivers, the Alabama and
Tombigbee Rivers.

Water in the Mobile River is a calcium-
magnesium bicarbonate type. Peirce (1966)
reported that at higher flows the Mobile River
may have water quality more like the Tombig-
bee River. Many smaller tributary streams in
this basin, such as Majors and Chickasaw
Creeks, have a sodium chloride or sodium
bicarbonate water type.

The most complicating factor in deter-
mining water quality in coastal areas is the
affects of the tides. The introduction of salt
water far upstream from the bays (especially
during low flows) has limited the use of many
inland freshwater streams. The saline water
moves upstream as a wedge usually on the
bottom of the stream due to the difference in
density and temperatures. These two separate
bodies of water move independently. This
salinity line in the Mobile River has been
determined by the U.S. Army Corps of
Engineers and other agencies since 1944. At

75



DOG RIVER

JANUARY - FEBRUARY

POINT CLEAR

WEEKS

MARCH

ARIL

DOG RIVER

DAUPHIN ISLAND

POINT CLEAR

DOG RIVER

MAY - JUNE

POINT CLEAR

31

. - —— T\

JULY - AUGUST

{MOBILE

DOG RIVER

POINT CLEAR

IMOBILE
1

\ 25
L"?

DOG RIVER

SEPTEMBER - OCTOBER

*0

ﬂ L)

/SN

DAUPHIN ISLAND

POINT CLEAR

NOVEMBER - DECEMBER

D0G RIVER

POINT CLEAR

Figure 37. Bimonthly surface isothermal (°C) maps of Mobile Bay and Mississippi

Sound (Bault 1972).

76



DOG RIVER

JANUARY - FEBRUARY
POINT CLEAR

Y moBILE

MARCH - APRIL

- ——— —— O

DAUPHIN ISLAND

DOG RIVER

MAY - JUNE POINT CLEAR

DOG RIVER

JULY - AUGUST

DAUPHIN ISLAND

POINT CLEAR

DOG RIVER

SEPTEMBER - OCTOBER

POINT CLEAR

TMOBILE

DOG RIVER

NOVEMBER - DECEMBER

POINT CLEAR

WEEKS

Figure 38. Bimonthly bottom isothermal (°C) maps of Mobile Bay and Mississippi

Sound (Bault 1972).

77



8L

Table 13. The chemical composition of surface water in coastal Alabama.

Escatawpa Perdido Mobile River8
Parameter? Seawa'cerb River® Riverd Mobile River near Creola
Chloride(Cl) 19,000 4.3 3.6 3.5¢ 9.0f 620
Sodium(Na) 10,500 2.3 2.2 3.8 8.3 370
Sulfate(S0,4) 2,700 2.5 1.7 10 7.8 120
Magnesium(Mg) 1,350 0.6 0.4 1.4 3.8 46
Calcium(Ca) 400 0.9 0.8 9.7 12 27
Potassium(K) 380 0.5 0.5 1.5 1.5 14
Bicarbonate(HC03) 142 2 6 29 56 53
Bromide(Br) 65 no data no data no data no data -
Strontium(Sr) 8 0.060(1) 0.030(1) no data no data 0.390
Silica(8i09) 6.4 7.1 7.0 7.4 9.8 4.8
Boron(B) 4.6 no data no data no data no data -
Fluoride(F) 1.3 0.0 0.0 0.1 0.1 0.1
Nitrogen(N) 0.5 2.5 (NOg) 0.43 1.1(NO3) 0.5(NO3) 0.15
(N03+N02 as N)
Phosphorus(P) 0.07 0.02 0.04 no data no data -
Iron(Fe) 0.01 0.25 0.146 0.070 0.08 0.001

8All parameters in mg/] unless otherwise indicated.

PGoldberg (1963).

CU.S. Geological Survey 1977 (an average of water-quality data for 1977 water year).
dys. Geological Survey 1979 (an average of water-quality data for 1979 water year).
Peirce et al. (1966) (date of analysis: February 10, 1954, high flow).
fPeirce et al. (1966) (date of analysis: August 10, 1954, low flow).

8U.S. Geological Survey 1979.



higher flows of the Mobile River, salt water
does not move inward but is actually forced
out of the river and during the largest floods
causes Mobile Bay’s water quality to be
river-like. The latest salinity determinations
by the U.S. Geological Survey have attempted
to correlate tides, flow, and rainfall with
salinity of the four rivers at the causeway.
Data accumulated in these studies indicates
the navigation channels in the Mobile and
Tensaw Rivers cause salinities to be much
higher than those of the Apalachee and
Blakeley Rivers.

Wastewater from Mobile has significantly
changed the water quality of Chickasaw and
Three Mile Creeks. These streams are impac-
ted by wastes of sewage treatment plants and
other industries. Consequently, flow from
these tributaries has caused the lower Mobile
River to have water-quality problems in its
ability to assimilate and naturally decompose
these wastes. Most sources seem to agree that
the Mobile River is of good quality above
Chickasaw Creek.

MOBILE BAY UNIT

Streams entering Mobile Bay are influ-
enced by tides and often have periods during
which highly mineralized water from the bay
moves inland. These streams are generally a
sodium chloride or sodium bicarbonate type.

Because Mobile Bay and Mobile River
are large, sources of pollution in Mobile Bay
have little affect on the overall water quality
except in highly- localized areas. Nonetheless,
wastewater discharged into the Bon Secour,
Deer, Fish, and Fowl Rivers may subject
Mobile Bav to slow degradation in water
quality. Although these streams are not
sources of drinking water, contamination may
affect fishing, swimming, and shellfish har-
vesting.

In estuarine areas seawater can become
significantly diluted. During major floods,
Mobile Bayv often contains fresh water, but in
times of low flow highly saline water may
extend far upstream above Mobile Bay.

WESTERN AND EASTERN
COASTAL UNITS

Streams in south Mobile and Baldwin
Counties, except those in areas affected by
salt-water intrusion, generally contain water
of suitable chemical quality for most uses.
The water generally is soft and has a dis-
solved-solids content of less than 100 mg/l.
Locally, the water is acidic and may be objec-
tionable for some uses.

ALABAMA-TOMBIGBEE
RIVER BASIN

The Alabama-Tombigbee River basin
comprises a very small portion of the study
area. The streams in this basin are of good
quality and are low in total dissolved solids.

WATER-QUALITY MONITORING

Chemical quality of surface water at
many locations throughout coastal Alabama
has been periodically studied by the U.S.
Geological Survey, Alabama Water Improve-
ment Commission, the U.S. Environmental
Protection Agency, Alabama Power Com-
pany, South Alabama Regional Planning
Commission, and the U.S. Army Corps of
Engineers, as well as the Geological Survey of
Alabama and several academic institutions.
Much of the data generated are available and
reflect a good data base for Alabama’s coastal
zones. Table 14 lists 59 monitoring stations
identified by the South Alabama Regional
Planning Commission for which water-quality
information is available and Figure 39 shows
the locations of these stations. Also, the U.S.
Geological Survey has streamflow and water-
quality data available from several gaging
stations in the Mobile-Baldwin County area.
Table 15 lists data collection sites and Figure
40 shows their locations. Details about period
of operation and type of data as well as the
actual data are available from computer
storage through National Water Data Ex-
change (NAWDEX) and in annual U.S.
Geological Survey reports ‘“Water Resources
Data for Alabama.”
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Table 14. Water quality monitoring stations (modified from
South Alabama Planning Commission 1979).

Mobile River opposite David Lake (RM? 42)

Mouth of Mobile River at Choctaw Point

Mouth of Spanish River and Delvan Bay

Mouth of Tensaw River

Mouth of Apalachee River at Causeway

Mouth of Blakely River (west of D’Olive Bay)

Dauphin Island Bridge (Grant’s Pass)

Mouth of Mobile Bay, between Ft. Gaines and Ft. Morgan
Mobile Bay approximately 1.5 miles east of Dog River
Mobile Bay approximately 2 miles northwest of Montrose
Mobile Bay approximately 1.5 miles east of Fowl River
Mobile Bay approximately 5 miles east of Fowl River
Mobile Bay approximately 3 miles southwest of Point Clear
Mouth of Three Mile Creek

Three Mile Creek at St. Stephens Road

Mobile River at Pinto Pass (RM 5)

Intersection of Mobile and Spanish Rivers (RM 6.0)
Mouth of Eight Mile Creek

Eight Mile Creek at Highway 45

Mouth of Dog River

Mouth of Theodore Ship Channel (Deer River)

Mouth of Fowl River

Mouth of Intracoastal Waterway

Mouth of Bon Secour

Mouth of Weeks Bay (Fish River Point)

Magnolia River at Highway 49

Mouth of Polecat Creek

Corn Branch near Camp Loxley

Mouth of Styx River

Styx River at Hollinger’s Creek

Tensaw River at Big Lizard Creek (north of Gravine Island)
Tensaw River at Middle Creek

Bayou Sara at Norton Creek

Mobile River near Grog Hill Creek (RM 35.3)

Mobile River below Shell Chemical (RM 24)

Mouth of Chickasaw Creek

Mobile River above Chickasaw Creek (RM 3.5)

Mobile River below Three Mile Creek (RM 0.5)

Mobile Bay approximately 3 miles east of Dog River at Mobile Ship Channel
Mobile Bay approximately 8 miles east of Dog River

Gulf of Mexico approximately 1 mile south of Sand Island
Dog River at Luscher Park

Mobile River at I-65

Mobile River at L & N Railroad Bridge

Mobile River at Alabama State Docks

Bayou La Batre at Alabama Highway 188

Three Mile Creek between U.S. 43 and Southern RR
Chickasaw Creek at Highway 43

Chickasaw Creek at L & N RR Bridge

Escatawpa River at Highway 98

Hollinger Creek southeast of Bay Minette

Wolf Creek at County Road 12

Wolf Creek 0.25 mile upstream of County Road 12 Bridge
Bon Secour River near Bon Secour, Alabama

Intracoastal Canal east of Gulf Shores

Tensaw River at L & N RR Bridge

Tensaw River just below Gravine Island

Chickasaw Creek near Kushla

Perdido River
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Table 15. U.S. Geological Survey surface-water gaging stations.

U.S. Geological Survey

Drainage area

Site number identification number Station name® (mi©)
1 02479500 Escatawpa River near Wilmer 506
2 02479468 Puppy Creek near Georgetown -
3 02479450 Escatawpa River at county road 96 . -
4 02471065 Montlimar Creek at U.S. Hwy. 90 at Mobile -
5 02471018 Mobile River at Bankhead Tunnel at Mobile -
6 02471000 Chickasaw Creek near Whistler 123
7 02470800 Bayou Sara near Saraland -
8 02470805 Bayou Sara at Saraland 23.4
9 02470925 Chickasaw Creek at Chunchula 45.4
10 02470910 Chickasaw Creek at county road near Guifcrest -
11 02470560 Little Creek at Citronelle -
12 02470530 Cedar Creek at county road 36 -
13 02470607 Bull Branch Creek near Citronelle -
14 02470610 Cedar Creek at Cedar Creek Falls -
15 02470675 Mobile River near Creola -
16 02470480 Borrow Creek near Mt. Vernon -
17 02470500 Mobile River near Mt. Vernon 43,000
18 02471025 Halls Creek near Chrysler -
19 02471021 Farris Creek near Chrysler -
20 02429650 Majors Creek near Tensaw 44.7
21 02429635 Pine Log Creek near Chrysler -
22 02429625 Holley Creek near Chrysler -
23 02429628 Turkey Creek near Blacksher -
24 02471036 Whitehouse Creek near Bromley -
25 02471033 Bay Minette Creek near Stapleton -
26 02376240 Dyas Creek near Dyas 57.3
27 02378410 Fish River near Daphne 30.7
28 02378500 Fish River near Silver Hill 55.1
29 02378550 Fish River near Yupon -
30 02377550 Hollinger Creek near Gateswood -
31 02377500 Styx River near Loxley 93.2
32 02378300 Magnolia River near Foley -
33 02377975 Blackwater River above Seminole 115
34 02376500 Perdido River at Barrineau Park, Florida 394
35 02480000 Big Creek near Mobile 84

3All stations in Alabama, except as otherwise indicated.
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STREAM CLASSIFICATION

The Alabama Water Improvement Com-
mission has established water-quality stand-
ards for interstate coastal and intrastate
waters. Water-quality standards in coastal
Alabama were established by classifying
bodies of water for different water uses such
as public-water supply, shellfish harvesting,
and swimming. The establishment of water-
quality standards was first required in 1965
by the Water Quality Act which amended the
Federal Water Pollution Control Act. Appen-
dix A gives the water-use classifications of
stream segments and coastal waters in the
Mobile River-Mobile Bay basin and Figure 41
shows the locations of the use classifications.

WASTEWATER IN
COASTAL ALABAMA

The major point sources of wastewater
in Mobile and Baldwin Counties are the 19
municipal wastewater treatment plants (Table
16 and Figure 42). In addition there are 49
semi-public and private dischargers of cooling
water, miscellaneous sanitary wastes, and
other permitted wastes. There are 38 indus-
trial process wastewater discharges with
NPDES (National Pollutant Discharge Elimi-
nation System) permits (Brady 1979) (Table
17 and Figure 43). The large volume of daily
waste has created water-quality problems of
bacterial pollution, oxygen depletion, and
toxic compound buildup. Although many
forms of bacteria are found in water, most of
them are nonpathogenic to humans. Coli-
form bacteria normally inhabit intestinal
tracts of humans and other animals and are
excreted in feces. Coliform bacteria, there-
fore, are useful as “indicators” of contamina-
tion since their presence in water indicates
contact with soils or plants, or indicates that
water has been contaminated by sewage so
recently that the bacteria have not died or
have not been removed by artificial treat-
ment. Coliform bacteria can be detected by
routine laboratory tests, thereby indirectly
testing for pathogens which are much more
difficult to routinely investigate.

One major concern related to Mobile
Bay is fecal coliform concentrations in
oysters. Sanitary water-quality standards for
shellfish harvesting in Mobile Bay require a
fecal coliform median concentration of less
than 14 MPN/100 milliliters before harvesting
is allowed. This standard is most frequently
exceeded during the late winter and spring
months when the Mobile River has high flows.
The Alabama Department of Public Health
closed north Mobile Bay to oyster harvesting
and a smaller zone in extreme northern
Mobile Bay to shrimping.

Much organic waste in streams is effluent
from municipal and industrial discharges.
These wastes are primarily carbohydrates,
protein, and miscellaneous fats and oils. When
bacteria come in contact with this organic
material, they utilize it as a food source. The
amount of oxygen used in this process is
called the biochemical oxygen demand (BOD)
and is considered to be an indirect measure-
ment of the organic content of the material.

DISSOLVED OXYGEN

The depletion of oxygen caused by
bacteria can reduce the dissolved oxygen
concentration to low levels and cause fish
kills. Dissolved oxygen depletion has occurred
near metropolitan Mobile, Bayou La Batre,
Bayou Coden, Rattlesnake Bayou, Deer River,
Bon Secour River, Dauphin Island Bay, the
Intracoastal Waterway, and the northern part
of Perdido Bay.

Data sources pertaining to the dissolved
oxygen system in Alabama’s coastal water
bodies include the 208 Wastewater Manage-
ment Plan study (South Alabama Regional
Planning Commission 1979), the Physical
Environmental Atlas of Coastal Alabama
(Schroeder 1976;1977), the U.S. Army Corps
of Engineers sponsored Theodore Ship
Channel project (U.S. Army Corps of Engi-
neers 1979), the Pensacola 208 Wastewater
Management Plan, U.S. Geological Survey
annual reports, “Water Resources Data for
Alabama,” and the Symposium on the Nat-
ural Resources of the Mobile Estuary, Ala-
bama (Schroeder 1979b).
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Figure 41. Water use classification in Mobile and Baldwin Counties (South Alabama

Regional Planning Commission 1979).
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Table 16. Existing municipal sewage plants, 31 December, 1977 (Brady 1979).

Design
flow
Number Plant Treatment description (Mgal/d) Receiving water
MOBILE COUNTY
1 McDuffie Island/Mobile? High rate activated sludge 16.00 Mobile Bay
2 Halls Mill Creek/Mobile High rate trickling filter 1.50 Halls Mill Creek
3 Three Mile Creek/Mobile High rate trickling filter 10.00 Spring Branch
4 Hog Bayou/Mobile Package plant 0.35 Hog Bayou
5 Bill Ziebach/Mobile High rate trickling filter 2.00 Mobile Bay
6 Grover Street/Prichard 2 stage trickling filter 4.00 Three Mile Creek
1 Eight Mile/Prichard High rate trickling filter 1.50 Eight Mile Creek
8 Chickasaw lagoon 2 single stage lagoons 1.50 Chickasaw Creek
9 Saraland Conventional activated sludge 0.59 Norton Creek
10 Dauphin Island Standard rate trickling 0.25 Aloe Bay
11 Bayou La Batre Conventional activated sludge 1.00 Portersville Bay
12 Citronelle Single stage lagoon 0.22 Puppy Creek
BALDWIN COUNTY
13 Gulf Shores 3 stage lagoon 0.33 Intracoastal Waterway
14 Robertsdale Extended aeration activated sludge 0.256 Rock Creek
15 Bay Minette Primary clarification 1.00 Hollingers Creek
16 Westside lagoon/Bay Minette 2 stage lagoon 0.225 Martin Branch
17 Loxley lagoon 3 stage lagoon 0.16 Corn Branch
18 Foley lagoon Single stage lagoon 0.27 Wolf Creek
19 Fairhope Step aeration activated sludge 2.00 Mobile Bay

8Currently being converted to a 28 Mgal/d pure oxygen A.S. process.
bwill be closed in 1978.
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Table 17.--Flow summary of industrial process wastewater discharges,
13 December 1979 (Brady 1979).

Number Company Mgal/d
1 Barber Pure Milk 0.05
2 SARS 0.02
3 Aquila Seafood 0.001
4 Plashes Seafood 0.003
5 Grass Seafood 0.001
6 Gulf Shrimp 0.010
7 Mallon Seafood 0.0005
8 Oyster Bay Seafood 0.001
9 Star Fish & Oyster 0.288
10 Patronas Seafood N 0.001
11 Causeway Seafood 0.001
12 Gulf Coast Knight Seafood 0.013
13 Bon Secour Fisheries 0.014
14 Crown Zellerbach 0.010
15 International Paper 33.2
16 Scott Paper 42.43
17 Stone Container 0.02
18 Stauffer Chemical-LaMoyne 1.10
19 Diamond Shamrock 0.06
20 Union Carbide-Chickasaw 3.634
21 Halby 0.0025
22 American Cyanamid 0.0600
23 ALCOA 0.8000
24 Virginia Chemical 0.2000
25 Eagle Chemical 0.2250
26 Courtaulds of North America 8.80
27 Reichhold Chemical 0.1900
28 Degussa 0.3710
29 Shell Chemical 1.044
30 Stauffer Chemical Cold Creek 0.400
31 Marion Refinery 0.0453
32 Louisiana Land & Exploration 0.110
33 Chevron Asphalt 0.350
34 Airco Alloys 0.354
35 Frisco Railroad 0.000325
36 I.C.G. Railroad 0.0115
37 Alabama Power-Barry Steam Plant 40.0
38 Thompson-Hayward 0.0041

89



I $SS1ss 1 PP

90

15,19, 22, 25432

9, 35, 36

28,34,31 °

T

h Y

— - —— o — - —

EXPLANATION

@® Location of dischargers

10,38 \@ 4

174 @14 |/

Mmoo s L g}
®

10 Miles

10 Kilometers

Figure 43. Location of industrial discharge points in Mobile and Baldwin Counties

(Brady 1979).

D A

FLOR



Historical data on dissolved oxygen
(Loesch 1960; Bault 1972) were collected so
randomly, either spatially or temporally, that
they are of minimal value. Results presented
by May (1973b) consisted of one figure
generalizing the distribution pattern of the
lowest dissolved oxygen observations made
during the period June through September
1971. Unfortunately, no field data were
presented in May’s paper nor was there any
reference made to where the data may be
archived.

Dissolved oxygen concentrations are
often stressed by the discharge of more than
32 Mgal/d of treated wastewater from 19
municipal treatment plants and 130 Mgal/d
from industrial discharges (Loyacano and
Busch 1979). These wastes, as they are
biologically and chemically degraded, often
reduce the concentrations of dissolved oxy-
gen.

The oxygen content of surface water is a
highly transient property. Streams with large
loads of organic material may have oxygen-
consuming organic and inorganic reactions
that deplete oxygen to levels that are less than
saturation. During the 1979 water year
(October 1978 to September 1979) dis-
solved oxygen concentrations in the Perdido
River near Barrineau, Florida ranged from 5.1
to 9.8 mg/l. The Escatawpa River near Wilmer
had concentrations ranging from 5.5 to 9.6
mg/l. The Tombigbee River below Coffeeville
Lock and Dam had concentrations ranging
from 5.9 to 12 mg/l and the Alabama River
at Claiborne had concentrations ranging from
7.0 to 11.3 mg/l (U.S. Geological Survey
1979). The upper Mobile River most likely
has dissolved oxygen concentrations similar to
the Tombigbee and Alabama Rivers. During
periods of high flows, many streams experi-
ence their highest concentrations of dissolved
oxygen. During low-flow periods in the
warmer months, dissolved oxygen concen-
trations are generally low.

The dissolved oxygen concentrations in
Mobile Bay are generally 6 to 8 mg/l. Low

dissolved oxygen periods (0 to 5 mg/l) are
known to occur especially during warmer
months.

Chickasaw Creek frequently has ex-
tremely low dissolved oxygen concentra-
tions. At the mouth of Chickasaw Creek
concentrations range from 0 to 3.2 mg/l
(South Alabama Regional Planning Commis-
sion 1979). Low dissolved oxygen is often
found throughout Three Mile Creek from
Spring Branch to its mouth.

Dog River experiences low dissolved
oxygen due to sewage treatment plant dis-
charges and stormwater runoff. Eleven fish
kills have occurred in Eslava Creek and other
tributaries of Dog River since 1968; one fish
kill resulted in the death of over 3,240,000
menhaden on May 27, 1970 (South Alabama
Regional Planning Commission 1979).

Dog River experiences low dissolved
oxygen due to sewage treatment plant dis-
charges and stormwater runoff. Eleven fish
kills have occurred in Eslava Creek and other
tributaries of Dog River since 1968; one fish
kill resulted in the death of over 3,240,000
menhaden on May 27, 1970 (South Alabama
Regional Planning Commission 1979).

Hollinger Creek receives the bulk of Bay
Minnette’s treated wastes. The 7-day 10-year
low flow at Hollinger Creek’s junction with
the Styx River is only 1.0 ft3/s. The waste
discharges may total 4.6 ft3/s and probably
often constitute over 90% of the flow of
Hollinger Creek.

During periods of low dissclved oxygen,
phenomena known as ‘“‘Jubilee’s” occur in
Mobile Bay. Aquatic fauna (particularly
fishes, crabs and shrimps) move into shallow
waters seeking oxygen. By using the occur-
rence of the ‘“Jubilee” phenomenon as a
signature for oxygen depletion periods it is
then possible to go back through newspaper
records for historical documentation pur-
poses. The earliest report of a ‘Jubilee”
and therefore an implied low dissolved
oxygen period was in 1821, according to
newspapers in files of the Fairhope Single Tax
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Corporation. From that date, to the present,
numerous accounts of ‘“Jubilee’” have been
published in newspapers throughout the area.
Historical reviews of “Jubilee” occurrence
were presented by Loesch (1960) and May
(1973b).

The important implication of “‘Jubilee’s”
is that low dissolved oxygen periods have
occurred in the bay for over 150 years and,
therefore, prior to major man-made altera-
tions to the bay bottom or municipal-
industrial waste stresses. With this in mind a
concerted effort must be made, during the
designing of future studies, to consider both
natural as well as man-made consequences
with respect to the dissolved oxygen system.

TOXIC MATERIALS

A wide variety of toxic metals, pesti-
cides, and other chemicals harmful to man
and to the estuarine system have been found
in varying amounts in coastal Alabama.
Sources of these compounds usually originate
from industrial discharges, agricultural appli-
cations, silvicultural spraying, urban runoff,
or subsurface disposal of wastes. These
materials may have a short, significant impact
or they may have a more subtle, long-term
interference with growth and reproduction of
organisms. Although concentrations of these
toxic materials in water may be well below
levels hazardous to humans, they may be
concentrated in the tissues of aquatic organ-
isms at levels that could be harmful to hu-
mans who ingest them.

Metals with concentrations of less than 1
ppm are generally termed trace metals. Many
of the trace metals are also heavy metals. The
more common heavy trace metals that are of
environmental concern include arsenic, cad-
mium, chromium, copper, lead, mercury,
nickle, silver, and zinc. These metals may
enter the estuarine environment through
natural weathering of rocks or by waste
discharges.
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Little monitoring of heavy metal con-
centrations in Alabama’s coastal waters has
been done. Crance (1971) reported that some
fish in the Mobile delta area contained levels
of mercury as high as 2.5 mg/l, which is
unsafe for human consumption. May (1973a)
recorded concentrations of selected heavy
metals in water and sediment samples from
Mobile Bay. Relatively high levels of heavy
metals in some sediment samples indicate the
need for further investigation.

The pesticide group is of particular
concern in the estuarine environment because
the biological accumulation capability of
estuarine organisms significantly increases the
hazard and destructive potential of pesticides
derived from agricultural runoff.

The presence of selected pesticides in
Mobile Bay was studied by Casper et al.
(1969). Dieldrin, endrin, aldrin, chlordane,
DDT, DDD, DDE, BHC-lindane, and hepta-
chlor-epoxide were detected in oyster, water,
and sediment samples. With the exception of
DDT and its metabolites, all pesticides were
present at very low levels. The median meas-
ure of total DDT (DDT, DDD, and DDE) was
0.33 mg/l in oyster samples and 0.001 mg/l in
water samples. May (1971a, 1973a) also
reported concentrations of DDT, DDE, DDD,
and dieldrin in oyster samples and sediment
cores from Mobile Bay. Any concentration of
pesticide residues in living tissue reflects a
movement of that compound into the food
chain.

WATER-QUALITY PROBLEMS
ASSOCIATED WITH OIL FIELD
OPERATIONS

The production of oil and gas in coastal
Alabama is a potential source of water-quality
problems. The principal indicator of stream
contamination from brines and oil-field
related waters is abnormal chloride concentra-
ion (Hinkle 1981). In 1961, the U.S. Geolog-
ical Survey and the Alabama State Oil and
Gas Board initiated a planned program for



studying and monitoring water-oriented prob-
lems of oil and gas fields in Alabama.

In Mobile County 26 oil field monitoring
stations are sampled monthly for chloride
concentrations. In Baldwin County there are
four monitoring stations. Samples collected at
these stations are analyzed for specific con-
ductance, pH, and chloride concentrations.

The present water-resources monitoring
network of the State Oil and Gas Board
within oil and gas fields has been sufficient in
scope to detect significant changes in chloride
concentrations. Investigations by the State Qil
and Gas Board traced many such changes to
breaks in pipelines, salt-water spills, and
leakage from disposal pits. Prompt analysis
and interpretation of data have on numerous
occasions helped minimize or prevented
adverse affects on the environment. Results of
the monitoring program have also indicated
that improvements in water quality have
occurred following the discontinuance of
brine disposal in surface pits. The network has
also been effective as a data base for decision
making by the State Oil and Gas Board in
their task of regulating development of oil
fields. The future success of the monitoring
network is dependent on the expansion of the
network to new fields as they develop and
continued analyses of data on a timely basis.

WATER QUALITY ASSESSMENT

As part of their 208 Study the South
Alabama Regional Planning Commission
(1979) assessed water-quality problems of
Mobile and Baldwin Counties. The results of
this study highlighted areas of poor water
quality and potential problems. Information
concerning the water quality was derived
from numerous sources. The results of the
208 Study indicated that:

1. The upper reaches of the Mobile River
exhibit good water quality with two
significant exceptions, temperature and
fecal coliform. Temperatures are ele-
vated as a result of large volumes of
cooling water discharged into the river

and fecal coliform concentrations from
sources along the river.

Chickasaw Creek 1is heavily impac-
ted by point-source discharges from
both industrial and municipal ori-
gins. The water quality of this stream is
additionally degraded by heated dis-
charge from the Chickasaw Steam Plant.
Water quality is poor and degraded by a
heavy biochemical oxygen demand and
the intrusion of a salt-water wedge.
Storm-water runoff has little or no
impact on the in-stream water quality.
Three Mile Creek has poor water quality
largely due to the discharge from two
municipal sewage treatment plants and
poor reaeration of the stream due to
strong tidal influences. Nonpoint sources
also impact the stream.

The lower segment of the Mobile River
has poor water quality as a result of
point-source discharges contributed from
Three Mile and Chickasaw Creeks and
the tidal influence of the bay.

Deer River has poor hydraulic flushing
because of dredging and, as a result, is
expected to be heavily impacted by
storm-water runoff. This also limits its
assimilative capacity for direct dis-
charges.

Mobile Bay experiences water-quality
problems on its western shores due to
poor circulation and heavy bacterial
contamination from fresh-water inflows.
Bacterial contamination has resulted in
the permanent closing by the Alabama
Department of Public Health of sev-
eral areas of shellfish harvesting.

Bayou Coden and Bayou La Batre
have poor water quality as a result
of waste disposal from seafood industries
operating in these areas.

Poor water quality in Norton Creek
is the result of discharges from the
overloaded Saraland sewage treatment
plant, particularly during periods of low
flows.
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9. Hollinger Creek has poor water quality
resulting from the discharge of primary
effluent from the Bay Minette sewage
treatment plant.

10. Nonpoint sources, primarily urban run-
off, may heavily impact the water
quality of Three Mile Creek and Dog
River.

11. Other nonpoint sources, primarily im-
properly operating or improperly in-
stalled septic drainfields, deteriorate
water quality in local resort areas such as
Dauphin Island and Gulf Shores and in
some streams discharging directly into
the bay, such as Fish River, Fowl River,
etc.

12. Continued growth without immediate
remedial action and some accomodation
in the way of pollution control planning
and action will cause further water
quality deterioration not only in these
areas but in other areas and streams.

GROUND WATER

Large quantities of water are available
from permeable sands throughout Mobile and
Baldwin Counties. Geologic units containing
permeable sands that yield water to wells
range in age from Eocene to Holocene,
although the vast majority of wells are com-
pleted in the Miocene-Pliocene Series un-
differentiated. Wells generally will yield
supplies adequate for domestic use within
46 m (150 ft) of the lana surface, and in the
southern half of the area (from the mouth of
the Mobile River southward) many yield
supplies at depths of less than 30.5 m (100
ft). The thickness, lithology, and yield of the
units underlying Mobile and Baldwin Counties
are summarized in Tables 18 and 19, respec-
tively. The locations of some of the wells
tapping the units are shown in Figure 44 and

records and water-quality data for the wells

are tabulated in Tables 20 and 21.
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MIOCENE-PLIOCENE AQUIFERS

The primary source of ground water in
Mobile and Baldwin Counties is the Miocene-
Pliocene Series undifferentiated. The entire
Miocene Series is undifferentiated in Alabama
while the Pliocene Series is composed solely
of the Citronelle Formation. Because the
geologic contact between these units is
difficult to determine and because the units
are often hydraulically connected, the Mio-
cene Series and the Citronelle Formation are
normally grouped together as one aquifer
system. Such will be the case in this report.

The lithologic descriptions of this and
other aquifer systems are presented in another
section of this report, and will not be dis-
cussed at this time. It will suffice to state that
the primary water-bearing zones are the
sand beds within the aquifer system and that
these sand beds are interbedded with rela-
tively impermeable limestones and clays.
Large fluctuations in bed thickness are not
unusual in many areas, primarily because of
the lenticular nature of the clays and sands.

The individual sand beds in the Miocene-
Pliocene aquifer system are typically 15.2 to
30.5 m (50 to 100 ft) thick, but in the central
parts of Mobile and Baldwin Counties they
attain thicknesses of about 61 m (200 ft).
The sand beds will yield as much as 2,650
I/min (700 gal/min) to properly constructed
wells but may yield significantly more water
in some areas. The wells tapping the Miocene-
Pliocene aquifer range in depth from about
30.5 to 244 m (100 to 800 ft) with specific
capacities ranging up to 35 gal/min per foot

of drawdown (Hinkle and Dark 1981).
The quality of the water in the Miocene-

Pliocene aquifer system generally is good.
Except for some areas near the Mobile River,
wells from this aquifer yield water that
generally is soft and has a dissolved solids
concentration of less than 250 mg/l. Locally,
however, there are objectionable amounts of
iron and chloride.
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Table 18. Summary of geologic units, lithology, and availability and quality of ground water
in Mobile County (Reed and McCain 1972)..

Thickness
in feet
System Series Geologic unit {meters) Lithology Availability of water Quality of water
Will yield 10 gal/min Water generally suitable for
(38 1/min) where satu- most uses but commonly con-
rated sands are of suf-  tains iron in excess of 0.3
Holocene Alluvium, low- 0-150 ficient thickness. Po- mg/1 and may be sufficiently
and terrace, and (0-46) tential source of 350 acidic to be corrosive. Lo-
Pleistocene  coastal de- to 700 gal/min (1,325  cally, in areas close to
posits to 2,650 1/min) per Mobile Bay and Mississippi
Sand, white, gray, orange well in the Mobile Sound, water is very hard,
and red, very fine- to River basin. has high chloride and dis-
coarse-grained, contains solved-solids contents, and
gravel in places; gray and contains iron in excess of
Quaternary orange sandy clay. 0.3 mg/l
Will yield 10 gal/min
High-terrace 0-40 (38 1/min) or more
deposits (0-12) where saturated sands  Probably soft and low in dis-
are of sufficient solved solids. May contain
thickness. iron in excess of 0.3 mg/l.
Water generally is soft and
low in dissolved solids but
may contain iron in excess of
0.3 mg/1 and may be suffi-
Pliocene Citronelle 0-200 ciently acidic to be corro-
Formation (0-61) Sand, brown, red, and Will yield 700 gal/ sive. In areas adjacent to
orange, fine- to coarse- min (2,650 1/min) or Mobile River, Mobile Bay, and
grained, gravelly in more per well. Mississippi Sound, water may
Places, contains clay have a dissolved-solids con-
balls and partings; gray, tent that exceeds 1,000 mg/l,
orange, and brown lentic- a sulfurous odor, and a chlo-
ular sandy clay, ferrugi- ride content that exceeds 500
Tertiary nous cemented sandstone. mg/l.
Sandy, gray, orange, and
red, very fine to coarse-
grained, contains gravel
Miocene Miocene Series 400-3,400 in places; gray thin-
undifferen- (120-1,030) bedded to massive sandy
tiated silty clay; gray thin-

bedded limestone in sub-
surface,
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Table 19. Summary of geologic units, lithology, and availability and quality of ground water
in Baldwin County (Reed and McCain 1971).

Thickness
in feet
System Series Geologic unit (meters) Lithology Availability of water Quality of water
Probably of good chemical
quality in north half of
county but locally may have
a dissolved content that ex-
Will yield 10 gal/min ceeds 1,000 mg/l and may con-
(38 I/min) or more tain objectionable amounts
where saturated sands  of iron. Insouth half of
are of sufficient county adjacent to major
Alluvium, low- Sand, white, gray, orange, thickness. Potential waterways, water commonly
Holocene terrace, and 0-150 and brown, very fine- to source of 350 to 700 contains objectionable amounts
and coastal de- (0-46) coarse-grained, contains gal/min (1,325 to of iron, is very hard, and
Pleistocene  posits gravel in places; gray 2,650 1/min) per well has a sulfurous odor. Lo-
and orange sandy clay. in the Mobile basin. cally, in areas adjacent to
the coastline, the water is
Quaternary highly mineralized.
High terrace 0-30 Will yield 10 gal/min Water probably is of good
deposits (0-9) (38 1/min) where satu-  chemical quality; locally
rated sands are of suf- it may contain objectionable
ficient thickness. amounts of iron.
Sand, dark-reddish-brown, Water generally is of good
fine- to coarse-grained, quality being soft and low in
gravelly in places, con- dissolved solids. Locally,
Citronelle 0-130 tains clay balls and part- the water contains objection-
Pliocene Formation (0-40) ings; light-gray, orange, able amounts of iron and gen-
and brown sandy clay; Will yield 700 gal/min  erally is acidic. In some
ferruginous cemented (2,650 1/min) or more  areas adjacent to the coast-
sandstone. per well. line and in the Mobile River
Sand, light-gray, yellow- basin, the water has a dis-
ish-gray, yellow, white, solved-solids content that
Miocene Series 100-3,000 fine- to coarse-grained, exceeds 1,000 mg/l, a chlo-
Miocene undifferen- (30-900) thin-bedded to massive; ride content that exceeds
tiated gray sandy clay; gray 500 mg/l, and a sulfurous
Tertiary thin-bedded limestone. odor.
Limestone, grayish-yellow
and gray, glauconitic,
Oligocene 100-500 fossiliferous; gray and
(30-152) green clay that is glau- Water may be of good chemical
Eocene and conitic and carbonaceous quality in northernmost part
Oligocene in places. of the county near Little
Series Potential source of 350 River. Dissolved-solids
Limestone-light-brown and  gal/min (1,325 1/min) content exceeds 1,000 mg/1
light-gray, sandy, fossil- per well. in all other parts of the
iferous; light-gray fine- county.
Eocene 400-700 to coarse-grained sand;
(120-210) gray calcareous sandy ’

fossiliferous clay.
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Figure 44. Selected wells in coastal Alabama (Reed and McCain 1971, 1972).
Note: Well numbers correspond to those in Tables 20 and 21.
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Table 20. Chemical analyses of water from selected wells in Mobile County (modified from Reed and McCain 1971).

Hardness as CaCO3

Bicar- Specific
Water- Well Iron  bonate Carbonate Chloride Calcium, Noncar- conductance
Date of bearing  depth  (Fe) (HCOg) (CO3) (C1) magnesium  bonate (pmbhos at
Number 2 Well owner collection unit (ft) (mg/l) (mg/) (mg/l) (mg/1) (mg/1) (mg/1) 25°C) pH
G-1 Water and Sewer Board, 6-27-67 Tpm 805 49 135 0 12 2 0 255 8.2
Citronelle
J-6 Alabama Power Co., Barry 8-11-67 Qal 135 .24 26 0 6.8 2 0 59 6.6
Steam Plant
K-1 Stauffer Chemical Co. 8-16-67 Qal 128 .08 - - 2.4 5 0 27 6.5
(LaMoyne Plant)
S-7 Town of Saraland 7-26-67 Qal 98 .27 15 0 7.0 8 0 52 6.1
AA-1 U.S. Coast Guard 7-23-67 Tpm 198 .16 6 0 2.6 4 0 18 6.0
CC-1 Scott Paper Co. 9-13-67 Qal 90 1.9 22 0 926 390 372 3,100 6.2
CC-10 U.S. Post Office 7-18-66 Tpm 739 .52 460 0 1,560 85 0 5,290 8.2
EE-5 U.S. Government, Brookley 8-15-67 Qal 113 8.3 40 0 28 29 0 159 6.6
Air Force Base
II-4 Grand Bay Water Works Bd. 6-21-67 Tpm 155 .24 6 0 4.4 4 0 28 5.7
KK-2 Mobile Co. Water and Fire 6-26-67 Tpm 476 .30 156 11 51 12 0 479 8.8
Protection Authority
LL-2 McWane Cast Steel Pipe Co. 7-11-66 Tpm 120 .68 8 0 8.2 8 1 52 5.9
MM-2 Bayley’s Ranch Club 8-14-67 Qal 90 12 16 0 6.2 11 0 69 6.8
NN-3 Bellingrath Gardens 7-28-67 Tpm 308 .56 56 0 9.2 8 0 138 7.2
RR-1 Roman Catholic Church, 9-06-67 Tpm 566 1.6 96 0 80 15 0 375 7.2
Brothers of the Sacred
Heart -
SS-1 d. L. Regan, Jr. 8-30-67 Tpm 109 .36 92 0 16 1 0 196 7.3
TT-2 C. B. Sprinkle 7-28-67 Tpm 400 .16 144 0 80 5 0 467 8.0
UuU-5 Isle Dauphin Country Club 6-28-67 Qal 38 2.0 92 0 110 113 38 536 8.1
Uu-6 Dauphin Island Property 6-28-67 Tpm 563 1.3 128 0 650 123 18 2,320 7.1

Owners Association

3Well numbers correspond to those in Figure 44,

bWater bearing unit: Qal, alluvium, low-terrace, and coastal deposits; Tpm, Pliocene-Miocene Series undifferentiated.
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Table 21. Chemical analyses of water from selected wells in Baldwin County (modified from Reed and McCain 1971).

Hardness as CaC03

Bicar- Specific
Water- Well Iron bonate Carbonate Chloride Calcium, Noncar- conductance
Date of bearing depth  (Fe) (HCO3) (CO3) (&) magnesium  bonate (pmbhos at
Number ? Well owner collection uhit (ft) (mg/l) (mg/l) (mg/1) (mg/1) (mg/1) (mg/l) 25°C) pH
Q-3 Bacon McMillian Veneer Co. 7-29-66 Tpm 90 1.3 68 0 4.4 22 0 123 7.5
U-9 Town of Bay Minette 4-27-66 Tpm 204 .05 6 0 4.4 12 1 25 5.4
CC-8 Spanish Fort Utility 4-27-66 Tpm 341 2.2 34 0 6.0 15 0 90 6.6
KK-3 Town of Loxley 3-08-66 Tpm 184 .07 6 0 4.0 10 ) 21 5.6
LL-6 Town of Daphne 3-08-66 Tpm 430 .10 13 0 5.2 15 4 46 6.4
MM-2 Grand Bay Development Corp. 5-12-66 Tpm 338 .26 88 0 3.0 30 0 155 7.5
NN-3 Town of Fairhope 3-15-66 Tpm 510 .96 46 0 4.2 32 0 98 6.8
PP-1 Town of Robertsdale 3-11-66 Tpm 203 .06 3 0 8.6 15 13 42 5.5
S8-9 Baldwin Co. Bd. of Educ. 6-16-66 Tpm 80 .78 6 0 5.4 15 10 44 6.1
UuU-6 Riviera Utilities 3-14-66 Tpm 157 .10 0 0 15 28 28 103 45
WW-1 Fairhope Hatchery 6-24-66 Tpm 70 .27 4 0 8.4 20 17 53 6.6
XX-4 H. B. Bentley 6-24-66 Tpm 155 1.1 10 0 6.6 8 0 35 6.8
YY-9 Bon Secour Fisheries 8-05-66 Tpm 220 - 4 0 4.8 8 5 38 5.4
AAA-8 S. A. Braham 7-13-66 Tpm 22 .33 4 0 6.0 5 2 37 53
BBB-8 C. W. Bear 6-16-66 Tpm 197 .66 6 0 4.6 15 10 36 5.6
cce-1 Gulf Telephone Co. 7-12-66 Tpm 40 1.3 6 0 14 8 3 63 5.8
CCC-9 W. G. and P. Gilerist 7-11-66 Tpm 750 .17 618 0 2,500 160 0 8,190 7.8
EEE-7 B. Terry 6-29-66 Tpm 17 .34 2 0 9.8 12 10 54 5.6
GGG-4 W. M. Apple 6-29-66 Qal 15 .08 136 0 320 188 76 1,260 7.3
HHH-4 U.S. Coast Guard 7-28-66 Qal 31 .26 228 0 27 202 15 432 7.8

3well numbers correspond to those in Figure 44.

bWater~bearing unit: Tpm, Pliocene-Miocene Series undifferentiated; Qal, alluvium, low-terrace, and coastal deposits.



Iron concentrations range from less than
10 ug/l to as high as 29,000 ug/1. The highest
concentrations tend to be most prevalent in
shallow wells near major streams and to a
lesser degree in very deep wells in the upland
areas. High iron concentrations in water are
not known to be toxic to humans, but levels
in excess of public drinking-water standards
(300 ug/l) can stain fixtures and limit uses of
the water (Hinkle and Dark 1981).

High chloride concentrations occur in
some places in the Miocene-Pliocene aquifer
because of saltwater encroachment from
Mobile Bay and the Mobile River and because
of saltwater intrusion from deep formations.
Encroachment from the river and bay occurs
during dry periods when flow of the Mobile
River is too low to prevent the more saline
water in the bay from moving up the river as a
saltwater wedge along the bottom of the river.
This salt water can then enter the permeable
sands of the river bed and eventually con-
taminate nearby aquifers. The movement of
salt water into shallow aquifers is enhanced
when wells drilled near the river are ex-
cessively pumped. Saltwater intrusion from
deeper formations also occurs when wells are
over-pumped.

OTHER AQUIFERS

Other formations that yield significant
amounts of water to wells in Mobile and
Baldwin Counties are the Oligocene Series
undifferentiated and the alluvial and low
terrace deposits. The Oligocene units are
utilized as an aquifer in the northern portions
of the study area while the alluvial and low
terrace deposits are used as sources of ground
water in the Mobile River basin and in other
places where they attain sufficient thick-
nesses,

The Oligocene Series consists of a series
of limestones that generally attain a thickness
of about 30.5 m (100 ft) of potentially
water-bearing strata. These limestones can
yield as much as 1,330 I/min (350 gal/min) to
wells that penetrate solution cavities (Reed
and McCain 1971).
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The quality of the water produced from
the Oligocene deposits is generally only fair.
Most of the water has a dissolved solids
content in excess of 1,000 mg/1.

The alluvial and low terrace deposits are
primarily interbedded gravel, sand, and clay.
These deposits are as much as 45.7 m (150 ft)
thick and reportedly yield as much as about
3,230 I/min (850 gal/min). Specific capacities
of wells completed in this aquifer range up to
73 gal/min per 1 ft of drawdown.

The quality of water from alluvial and
low terrace deposits is good. The water is
generally soft and has a dissolved solids
content of less than 100 mg/l, but may
contain iron in excess of 0.3 mg/l. In areas
near Mobile Bay, Mississippi Sound, and the
Gulf of Mexico, water often contains iron in
excess of 0.3 mg/l, chlorides in excess of 250
mg/l, and dissolved solids in excess of 1,000

mg/1.
WATER LEVELS

Fluctuations of water levels in shallow
wells in coastal Alabama are cyclic and are
related directly to rainfall. The average
monthly precipitation is greatest in March,
April, July and August. The period of high
water-table elevations generally occurs in
March and April because of continuous and
large amounts of recharge from precipitation
and the parallel low evapotranspiration
rates. The water table is generally low in
October and November when precipitation is
least. This phenomenon is illustrated in Figure
45 in which the water level in the U.S. Geo-
logical Survey observation well MOB-1 (K-2)
is shown in relation to the average yearly
rainfall for the years 1954 through 1970 at
Bates Field Weather Station.

Ground-water level data are published
for two sites by the U.S. Geological Survey
(Figure 46). Well MOB-2 taps the alluvial
deposits of Quaternary age and well BAL-1 is
completed in sand and gravel of the Miocene
aquifer.
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Figure 45. Hydrograph showing water levels in observation well MOB-1 (K-2 Mobile County)
and average yearly precipitation (Riccio et al. 1973).
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Figure 46. U.S. Geological Survey ground water observation network.

102



PHREATOPHYTES

Phreatophytes are plants which depend
upon shallow water-table conditions. Syca-
more, cottonwood, and willow occur in
coastal Alabama. These trees are phreato-
phytes in dry regions and thus we assume
they retain those ground water affinities in
this area.

Available data indicate that declines in
water levels have not been significant except
in areas of high pumpages or areas of artesian
flow. Continuous discharge has caused many
artesian wells to cease flowing, Lowering of
the water table could change the habitat of
these phreatophytes by limiting the areas of
suitable ground-water levels.

SALT-WATER ENCROACHMENT

Salt-water encroachment has occurred in
Mobile, on Dauphin Island, in the Mobile
River delta, and possibly at Gulf Shores.
Much of the time encroachment occurs
because of over-pumpage of wells near the
coast. Excessive withdrawal of fresh water
causes a change in the relationship between
fresh water and the underlying salt water. The
following discussion of that relationship is
taken directly from Walter and Kidd (1979).

The occurrence of salt water in coastal
fresh-water aquifers is governed by the
density contrast between the two waters, the
elevation of the water table or piezometric
surface in the fresh-water aquifer, and the
flow rate within the fresh-water aquifer.
Under natural conditions when the aquifer is
relatively unaffected by pumpage, a net flow
of fresh water to the sea will be present. In
this case salt water will occupy a wedge-
shaped volume at the seaward end of the
aquifer (Figure 47). Exploitation of the
aquifer often results in a decline in the water
table or piezometric surface with a resulting
landward migration of the salt-water zone.

The boundary between salt water and
fresh water is referred to as the interface.
Many descriptions of salt-water encroachment

treat the interface as a sharp contact between
salt water and fresh water. In reality, mixing
between the waters results in a gradual
transition from fresh water to salt water.
This zone of mixing is referred to as the
“dispersion zone.” The dispersion zone may
range from a few meters to a few hundred
meters in thickness.

The results of the studies of Walter and
Kidd (1979) indicate that in the Gulf Shores
area, only in the shallow sand aquifer, can
cases of salt-water contamination be unequiv-
ocably attributed to sea-water encroachment.
Based on the results of numerical modeling
and interpretation of the water chemistry,
the cases of contamination in the Gulf Shores
aquifer may be due to leakage of saline water
around well bores, leakage from confining
beds and movement of pockets of relic salt
water within the aquifer rather than lateral
seawater encroachment.

USE OF WATER

In 1980, an average of 1,264 Mgal/d
was withdrawn from the surface and under-
ground sources in Mobile and Baldwin Coun-
ties. Water use for thermoelectric power
generation was approximately 1,004 Mgal/d
or 79% of the total use in the two counties.
Table 22 lists the quantities for each use. This
data collection is part of a continuing effort
by the Geological Survey of Alabama in
cooperation with the U.S. Geological Survey
to compile water-use information in Alabama.

CLIMATE
By Steven C. Harris

The climate of coastal Alabama is
primarily subtropical, being influenced by a
high-pressure belt extending over or near the
Gulf of Mexico throughout the year. Long-
term climatological summaries are available
for Mobile from the National Climatic Center
in Asheville, North Carolina. Weather report-
ing stations in Mobile and Baldwin Counties
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Figure 47. Schematic of hydrologic conditions in an unconfined water system (A) not
subject to salt-water intrusion and (B) subject to salt-water intrusion (Walter and Kidd 1979).

Table 22. Withdrawal use of water (Mgal/d) in Mobile and Baldwin
Counties, 1980, by source and principal use.

Mobile County Baldwin County

Water uses Ground water Surface water Ground water Surface water
Public water supply 5.04 130.06 6.48 0
Rural use

Domestic 4.107 0 2.19 0

Livestock 0.175 0.247 0.243 0.354

Irrigation 0.700 0.256 3.656 0.429

Catfish farming 0.07 0.64 0.02 0.16
Self-supplied industries 25.952 79.582 0.494 0.0288
Thermoelectric 0.0561 1,003.5 0 0
TOTALS 36.098 1,214.283 13.08 0.97

271ndicates a use of saline water.
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are located in Citronelle, Bay Minette, Fair-
hope, Robertsdale, Coden, and Dauphin
Island.

TEMPERATURE

The air temperature of coastal Alabama
is relatively mild, being markedly influenced
by the Gulf of Mexico, with an average annual
temperature of 20°C (68°F) in Mobile. Sum-
mer temperatures are influenced by the
Bermuda High, a semipermanent high-pressure
cell that extends over portions of the Gulf of
Mexico near 30° latitude (Figure 48). During
the summer, southerly winds generated by
this high-pressure cell have a high moisture
content which tends to keep coastal tempera-
tures lower than those of inland areas. Sum-
mer temperatures range between 21° and 32°C
(70° and 90°F) (Figure 49). In the winter,
winds are northerly and move in cold, conti-
nental air masses. Temperatures remain
relatively mild, however, ranging from lows in
the 40’s to highs in the 60’s (Figure 49).

The lowest mean monthly temperature,
near 10°C (50°F) occurs in January; the
highest mean monthly temperature near 28°C
(82°F) occurs in July (Table 23). An average

of 22 days a year are below freezing and an
average of 81 days reach temperatures above
32.5°C (90°F). The lowest recorded tempera-
ture in Mobile was -14°C (7°F) in January
1962 (National Climatic Center 1980;
Chermock 1974). In Citronelle, 55 km (35
mi) inland, a low of -19°C (-2°F) has been
recorded. Such cold readings are very un-
usual. Winter temperatures usually have
the lowest readings in the upper 20’s. The
highest temperature recorded in Mobile was
40°C (104°F) during July 1952 (National
Climatic Center 1980). The daily fluctuation
in temperature readings is about 20 degrees
(Table 23). The average number of heating
degree days for the Mobile area is 1,650; the
average number of cooling degree days is
2,759 (Table 23).

Mobile and Baldwin Counties have a
growing season ranging from 230 days in
the northern sector to 300 days in areas near
the coast (Figure 50). The first killing frost
occurs in early November in the northern
parts of the counties and in early December
near the coast (Figure 50); the last killing
frost occurs in mid-March in the north and in
mid-February near the coast (Figure 50).

100° 90° 80° 70°W
L
m—— ’—’— —————
30°F - - —— ==
0 o -
N / | —— — e — A
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20° ' \ f/7

Figure 48. Mean streamlines of the low-level flow (solid) for the month of May. The dashed lines show
the mean monthly position of the ridgeline, or the point of turning of the wind, from southeasterly

to southwesterly (Jordan 1973).
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Table 23. Summary of temperature and rainfall data for Mobile, Alabama
(National Climatic Center 1980).

Temperature ('F) Precipitation

Avg. Avg. Degree days? (mean) (inches)
Month Mean Max. Min. Heating Cooling (mean)
Jan 51.7 60.4 42.9 486 15 4.73
Feb 54.3 63.2 45.3 366 12 4.98
Mar- 60.2 69.0 51.3 186 48 6.63
Apr 67.2 76.1 58.2 37 137 5.13
May 74.3 83.2 65.3 2 307 4.71
Jun 80.3 88.8 1.7 0 484 5.49
Jul 81.8 90.0 73.6 0 559 7.57
Aug 81.6 89.8 73.3 0 538 6.62
Sep 78.1 86.4 69.8 2 427 5.62
Oct 68.8 78.4 59.2 44 168 3.20
Nov 58.9 68.5 49.3 216 40 3.73
Dec 53.0 61.9 441 401 22 5.15
Annual 67.5 76.3 58.7 1650 2759 63.36

30ne heating or cooling degree-day is assigned for each degree that the daily mean temperature is

below 65°F or above 75° F, respectively.
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PRECIPITATION

The normal annual rainfall in coastal
Alabama is the highest in the State and among
the highest in the United States (Figure 51).
Rainfall amounts tend to average about 162.5
cm (64 inches) per year around the bay,
decreasing to about 140 ecm (55 inches) per
year along the Morgan Peninsula of Baldwin
County (Table 24). In coastal Alabama
rainfall is fairly evenly distributed over the
year being greatest during the thunderstorm
season in July, averaging 19.3 ¢m (7.6 inches),
and least in October and November, averaging
9 c¢cm (3.5 inches) (Table 24). The greatest
amount of monthly rain ever recorded in the
Mobile area was 49 cm (19.3 inches) in July
1949. The least amount of rain recorded in a
month was a trace in October 1978. The
greatest daily maximum of rain in Mobile was
34 cm (13.4 inches) recorded in April 1955
(Table 25). Rainfall of more than 0.02 cm
(0.01 inch) occurs on the averge of 124 days a
year in Mobile. This same region has an
average of 80 days with thunderstorms each
year. These are most frequent in the summer
(June through August) with 55% of the
thunderstorms occurring during this time.
Thunderstorm frequency in this area is one of
the highest in the United States (Figure 52).
Thunderstorms are rare in the fall and winter
(September through February) with only 12%
of the storms during this period. This per-
centage is the highest of any reporting station
along the northeastern Gulf of Mexico and is
related to the greater frequencyv of extra-
tropical cyclones or fronts in the area (U.S.
Army Corps of Engineers 1973). Thun-
derstorms in the coastal area are seldom
violent and hail is rarely produced (Table
26). Snowfall is likewise a rare occurrence in
coastal Alabama (Table 26).

Relative humidity is fairly constant
through both the day and the year (Table 27).
In Mobile, relative humidity varies an average
of 28% throughout the day. Humidity is
usually highest between 2400 and 0600 hours

(83%) and lowest between 1200 and 2000
hours (62%).

A close interaction exists between
temperature and moisture in terrestrial
environments; and the two determine, to a
large extent, the climate of a region and the
distribution of vegetation. Climographs rela-
ting these two factors throughout Alabama
are presented in Figures 53 and 54.

VISIBILITY, FOG,
CLOUD COVER, AND SMOG

Cloud cover over the Mobile area has an
annual value of about 6/10, a slight tendency
for cloudiness in the area (Table 28). Clou-
diness tends to be highest in the winter and
summer with lower values in the spring and
fall. Such a cloudiness pattern is typical of
recording stations from around the Gulf of
Mexico (Jordan 1973). Much of the summer
cloudiness consists of convective cumulus or
high, thin clouds. Winter cloudiness is gener-
ally associated with movement of extra-
tropical cyclones and their associated frontal
systems (Chermock 1974). Overall cloudiness
in the Mobile area is relatively even, in part
accounting for the evenness of precipitation
and rarity of long periods of continuous rain
(Chermock 1974).

In the Mobile area, periods of low
visibility (0.4 km [0.25 mi] or less) from
November through May correspond with
heavy fog periods (Table 28). Winter fogs are
fairly frequent along the gulf coast (Figure
55) as the larger rivers and tributaries empty
cold water into the warmer gulf waters
(Petterssen 1969). Heavy rains during the
summer are probably responsible for occa-
sional low visibility. Fog, the primary visibil-
ity inhibitor, reduces visibility to less than
0.4 km (0.25 mi) an average of 39 days a year
(Table 28).

Air pollution may be widely defined as
particulate materials and gases present in the
atmosphere which have a direct or indirect
adverse effect on the welfare of man. Air
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Table 24. Rainfall (inches) in coastal Alabama, 1955 - 69 (Crance 1971).

Mean precipitation

Bay Gulf Fort
Month Mobile Minette Fairhope Robertsdale Shores Morgan
Jan 517 5.01 4.68 5.04 4.41 3.71
Feb 5.30 5.58 5.14 5.45 5.65 4.16
Mar 5.45 5.60 4.82 4.76 4.46 4.10
Apr 5.36 5.62 4.711 4.73 4.63 3.90
May 4.69 5.62 4.29 4.50 3.12 2.41
Jun 5.56 5.81 6.42 6.61 4.59 4.57
Jul 791 7.65 7.92 8.03 6.20 5.55
Aug 6.88 6.82 6.59 7.38 6.62 5.28
Sep 6.24 5.63 6.79 7.36 8.79 8.14
Oct 275 3.59 3.78 3.91 3.51 3.57
Nov 263 2.35 2.88 2.81 2.85 2.7
Dec 551 5.14 459 4.27 3.95 3.97
Annual 63.35 65.33 62.61 64.84 58.79 51.32

pollution and its severity depend, to a great
extent, on climatological factors, including
wind direction and speed, precipitation, and
temperature variations. Wind direction and
speed determine the movement of pollutants
from the source to the receptor. In the Mobile
area the wind direction is primarily northerly
and southerly with an average speed of
approximately 14.5 km/h (9 mi/h) (National
Climatic Center 1980).

The dominant mechanism for dispers-
ing air pollution is mixing of the lower,
polluted atmospheric levels with higher
relatively unpolluted layers. During an inver-
sion this mechanism is blocked. The dilution
of pollutants is diminished and they build up
in the lower atmosphere. Typically, air closest
to the earth is warmer than air in the upper
atmosphere. Pollutants emitted near ground

level are carried upward by thermal con-
vection and diluted by cooler, cleaner, upper
air masses. An inversion represents the oppo-
site condition with temperature increasing
rather than decreasing with elevation. Pollut-
ants released in the cool, dense air near the
earth tend to accumulate rather than be
dispersed.

The major periods of short-duration
inversions in coastal Alabama occur between
2200 and 0800 hours (Mobile County Board
of Health 1970) due to the earth’s radiational
cooling at night. During these inversions,
pollutants decrease visibility, sometimes to
less than 2 km (1.2 mi). The increase in wind
and temperature during the day will ordinar-
ily break low-level inversions, dispersing the
pollutants.
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Table 25. Climate extremes for Mobile, Alabama (modified from National Climatic Center 1980).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Highest recorded
temperature (°F) 84 82 90 92 100 102 104 102 99 93 87 81
(1949)  (1944) (1946) (1943) (1953) (1952) (1952) (1968) (1980) (1963) (1971) (1974)
Lowest recorded
temperature (°F) 7 11 21 36 43 56 60 59 42 32 22 10
(1962) (1951) (1943) (1973) (1960) (1966) (1947) (1956) (1967) (1957) (1950) (1962)
Max. monthly
rainfall (inches) 10.40 9.14 15.58 17.69 15.08 13.07 19.29 12.05 13.61 6.72 13.65 11.38
(1978) (1979) (1946) (1955) (1980) (1961) (1949) (1969) (1957) (1975) (1948) (1953)
Min. monthly
rainfall (inches) 0.98 1.31 0.59 0.48 0.45 1.19 2.16 2.35 0.58 aT 0.25 1.29
(1968) (1948) (1967) (1954) (1962) (1966) (1972) (1972) (1963) (1978) (1960) (1980)
Max rainfall in
24 hrs (inches) 8.34 5.00 6.52 13.36 7.53 7.38 5.34 6.62 8.55 4.30 7.02 5.50
(1965) (1952) (1951) (1955) (1980) (1961) (1975) (1969) (1979) (1967) (1975) (1968)
Max. monthly snow
or hail (inches) 3.5 3.6 1.6 0 0 0 0 0 0 0 T 3.0
(1955) (1973) (1954) (1966) (1963)
Max. snow or hail
in 24 hrs (inches) 3.5 3.6 1.6 0 0 0 0 0 0 0 T 3.0
(1955) (1973) (1954) (1966) (1963)
Max. recorded
wind speed and
direction (mi/h) 44N 46N 40N 44N 51NE 44N 46N 63N 163N 46NE 37NE 38NE
(1959) (1960) (1962) (1964) (1963) (1959) (1960) (1969) (1979) (1964) (1959) (1959)

A Trace.
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Figure 52. Number of days with one or more thunderstorms in June, July,
and August (Petterssen 1969).
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Table 26. Miscellaneous climate data for Mobile, Alabama (modified from National Climatic Center 1980).

Average number of days Average
Wind
speed and
Rainfalla Temperaturea Temperatureb directionC Snowfalld

Month Thunderstormsa (>0.01 inches) Haila (>90°F) (L32°F) (mph) (inches)
dan 2 11 <1 0 8 10.6N 0.1
Feb 2 10 <1 0 6 10.8N 0.2
Mar 5 11 <1 0 1 11.1N eT
Apr 5 7 0 <1 0 10.48 0
May 7 8 0 5 0 8.9S 0
Jun 12 11 0 19 0 .18 0
Jul 18 17 0 23 0 6.9S 0
Aug 14 14 0 21 0 6.8NE 0
Sep 8 11 0 11 0 8.0NE 0
Oct 2 6 0 1 0 8.2N 0
Nov 2 8 0 0 1 9.3N T
Dec 2 10 <1 0 6 10.0N 0.1
Annual 80 124 <1 81 22 9.1N

aData for the period 1940-1980.
bData for the period 1962-1980.
CData for the period 1948-1980.
dData for the period 1970-1980.
€Trace.



Table 27. Average relative humidity (%) in Mobile, Alabama, for 1962 - 80
(modified from National Climatic Center 1980).

Time of day
Monthly
Month 2400 0600 1200 1800 average
Jan 78 81 62 69 72
Feb 76 80 55 61 68
Mar 80 83 56 63 70
Apr 83 87 54 63 72
May 84 86 54 62 72
Jun 84 87 54 65 72
Jul 87 89 61 71 717
Aug 87 90 61 73 78
Sep 85 88 60 72 76
Oct 82 85 51 66 71
Nov 82 85 56 70 73
Dec 80 83 61 71 74
Yearly
average 82 85 57 67 73
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Table 28. Sky conditions (mean number of days) in Mobile, Alabama,
1948 - 80 (modified from National Climatic Center 1980).

Mean
Partly sky Heavy

Month Clear Cloudy Cloudy covera fogb
Jan 7 i 17 6.7 6
Feb 8 7 13 6.1 5
Mar 8 8 15 6.2 5
Apr 9 9 12 5.8 5
May 9 11 11 5.8 3
Jun 7 15 8 5.7 1
Jul 3 15 13 6.7 1
Aug 6 15 10 6.0 1
Sep 8 10 12 5.9 2
Oct 15 8 8 4.2 2
Nov 11 7 12 5.3 4
Dec 9 7 15 6.2 5
Annual

total 100 119 146 39
Annual

average 5.9

aTenths of total sky area, sunrise to sunset.
bVisibility 0.25 mile or less.
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Figure 55. Regions of the Eastern United States where fogs often occur as a result

the night (Petterssen 1969)

of advection followed by radiative cooling during
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When high-pressure systems persist for
several days, air pollution stagnation occurs.
From 1936 to 1965, 42 stagnation periods of
four or more days duration for a total of 240
stagnation days occurred in the coastal
Alabama region (Mobile County Board of
Health 1970) (Figure 56). Low-level inver-
sions (152 m [500 ft] or lower) have been
estimated to exist in coastal Alabama be-
tween 30 and 35% of total hours (Mobile
County Board of Health 1970).

Particulate pollutants in the atmo-
sphere consist of a variety of suspended
solids and liquids including sulfate salts,
sulfuric acid, lead salts, carbon particles,
liquid hydrocarbons, iron oxide, and silica.
Particulate pollution can have direct and
indirect impacts on living conditions. Visibil-
ity is directly affected by particulate levels in
the atmosphere. As visibility declines, so does
light availability for plant photosynthesis.
Particulate pollution can also adversely affect
human respiratory tracts (Stern et al. 1973).
The south Alabama regional air pollution
study (Mobile County Board of Health 1970)
separated atmospheric particulate matter into
two categories: settleable and suspended.
Settleable particles are heavy enough to fall
from the atmosphere near their point of
origin. The distribution of settleable particles
in coastal Alabama shows a concentration in
industrial areas primarily in Mobile County
(Figure 57). Suspended materials are light
enough to remain in suspension in the atmo-
sphere over long distances. In coastal Ala-
bama, the distribution pattern of suspended
material is similar to that of settleable ma-
terial (Figure 58).

In the 1970’s, air quality in coastal
Alabama, particularly in Mobile, was moni-
tored by the Alabama Air Pollution Control
Commission (Figure 59) according to Federal
and State ambient air-quality standards.
Particulate matter in the atmosphere has
exceeded the primary standard (level for
health protection) on 10 occasions since 1972
(Table 29). The secondary standard (level for
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adverse effects, other than human health) has
been exceeded 140 times since 1972 (Table
29).

Gaseous pollutants are vapors and gases
in the atmosphere such as carbon monoxide,
nitrogen oxide, sulfur dioxide, and photo-
chemical oxidants.

Sulfur oxides are common atmospheric
pollutants that originate primarily as a result
of fossil fuel combustion. Sulfur dioxide has
corrosive properties with detrimental effects
on metals and building stone. This corrosive
effect is accelerated by particulate matter.
Sulfur dioxide at a level near 5 ppm can irri-
tate the mucous lining of the respiratory
tract (Stern et al. 1973). Chronic and acute
injury to vegetation has been recorded in
areas with high levels of sulfur oxides in the
atmosphere (Mobile County Board of Health
1970). Sulfur dioxide levels in Mobile since
1976 have exceeded air-quality standards only
on one occasion (Table 30).

Nitrogen oxides are also byproducts of
the combustion process. Like sulfur oxides,
high concentrations can have adverse effects
on vegetation and the respiratory system of
man. The 1970 study of air quality in south
Alabama reported nitrogen dioxide levels
ranging from 0.002 to 0.069 ppm (Table 31).
Levels were much higher in Mobile than in
surrounding cities (Mobile County Board of
Health 1970).

In the atmosphere, sulfur and nitrogen
oxides are transformed into sulfates and
nitrates, which then react with moisture in
the air forming acids. These acids in the
atmosphere and in rainfall can have numerous
effects. Sulfuric acid is irritating to respira-
tory tracts in concentrations of a few parts
per million. The lowering of pH in streams
and lakes as a result of acid rain can kill or
severely impair fishes and other aquatic
organisms. Photosynthetic efficiency and
growth of vegetation is decreased. Acid rain
can significantly increase the deterioration
and weathering of various structures. Direct as
well as long-term effects of acid rain on



Figure 56. Total number of air stagnation days during 1936-65 east of the Rocky

Mountains (Stern et al. 1973).
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Figure 57. Probable dust fall pattern, 1969 (Mobile County Board of Health 1970).
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Table 29. Particulate matter concentrations (ug/m3) in atmosphere of Mobile, Alabama, and
surrounding areas (modified from Alabama Air Pollution Contrcl Commission 1981).

24-hr reading

Number of samples
exceeding standard

Sampling? Number of 2nd
location Year samples Max. Max. Primaryb Secondary®
1 1972 54 579 480 - -
1973 53 436 435 -- -
1974 55 324 320 - -
1975 58 319 252 1 20
1976 108 344 213 1 10
1977 326 350 253 1 30
1978 332 295 289 2 32
1979 257 292 272 2 23
1980 75 230 206 0 7
2 1972 60 267 256 1 -
1973 49 380 270 -- -
1974 43 322 204 1 -
1975 47 193 174 0 3
1976 48 169 116 0 1
1977 227 188 165 0 2
1978 e 237 149 136 0 0
1979 218 117 115 0 0
1980 139 128 125 0 0
3 1972 27 151 126 0 1
1973 54 138 113 0 0
1974 45 148 122 0 0
4 1972 31 219 171 0 -
1973 53 204 198 0 -
1974 47 194 144 0 1
1975 53 136 131 0 0
1976 53 116 100 0 0
19717 51 132 99 0 0
1978 46 108 103 0 0
1979 20 97 92 0 0
1980 6 73 56 0 0
5 1972 52 379 197 1 -
1973 46 206 140 0 1
1974 52 167 136 0 1
1975 55 127 125 0 0
1976 57 156 148 0 0
1977 55 161 90 0 1
1978 58 98 85 0 0
1979 35 119 110 0 0
1980 51 104 95 0 0
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Table 29. Concluded.

Number of samples

24-hr reading exceeding standard
Sampling? Number of 2nd
location Year samples Max. Max. Primaryb Secondary®¢

6 1974 32 405 199 - -
1975 56 205 183 0 2

1976 57 241 156 0 5

1977 55 138 129 0 0

1978 54 90 87 0 0

1979 14 53 49 0 0

1 1978 30 71 40 0 0
1979 27 44 42 0 0

aSee Figure 59 for sampling locations.
bPrimary standard -- >260 pg/m3.
CSecondary standard -- >150 ug/m3.

Table 30. Sulfur dioxide concentrations (ppm) in atmosphere of Mobile, Alabama, and
surrounding areas (modified from Alabama Air Pollution Control Commission 1981).

24

3-hr readingb 24-hr reading®
(average) (average)
Sampling? Number of 2nd 2nd
location Year observations Max. Max. Max. Max.
1 1976 7126 0.33 0.25 0.14 0.07
1977 7395 0.10 0.10 0.04 0.04
1978 7347 0.07 0.07 0.04 0.03
1979 6022 0.09 0.07 0.04 0.03
1980 1317 0.08 0.06 0.03 0.03
5 1976 5470 0.04 0.04 0.02 0.02
1977 6847 0.09 0.08 0.04 -
1978 6547 0.05 0.05 0.02 0.02
1979 1386 0.04 0.03 0.02 0.02
1980 1585 0.05 0.05 0.02 0.02
6 1976 1143 0.17 0.16 0.06 0.05
1977 1599 0.23 0.23 0.08, 0.06
1978 7350 dp.51 - 0.09 0.09
1979 5155 0.21 0.15 0.07 0.06
1980 1992 0.17 0.12 0.07 0.00

aSee Figure 59 for sampling locations.
b3 hr standard--0.5 ppm.

€24-hr standard--0.14 ppm.
dExceeded 3-hr standard.
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Table 31. Nitrogen dioxide concentrations (ppm) in the atmosphere of Mobile, Alabama, and

surrounding areas (modified from Alabama Air Pollution Control Commission 1981).

Sampling?
location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2 0.0480 . 0.0345 0.0100 0.0335 0.0290 0.0185 b.. - - 0.0415 0.0690 0.0560
(] - -- - -- - - - - - 0.0565 0.0076 0.0550
8 - -- -- - - - - 0.0045 0.0612 0.0470
9 - - - -- -- - 0.0030 - - - -
10 - - - - 0.0040 0.0019 0.0060 0.0110 0.0140 0.0190
11 - - - - - - - 0.0050 - - - -
12 - - - - 0.0040 0.0100 0.0050 0.1300 0.0120 0.0150

aGee Figure 59 for sampling locations.
bNot measured.



humans are yet to be established, but the
potential definitely exists.

Carbon monoxide affects humans by
restricting the ability of the blood to trans-
port oxygen. Readings in central Mobile
during 1978 and 1979 exceeded standards on
one occasion (Table 32).

Ozone is a component of the total
oxidant mixture, which is used as an index of
photochemical smog. Ozone at high concen-
trations will deteriorate rubber products and
damage field crops. In the Mobile region,
ozone standards were exceeded on four
occasions in 1976-79 (Table 33).

WIND

Although wind direction over the
coastal area tends to be variable through-
out the year (Figure 60), the overall circula-
tion pattern is northerly winds from Septem-
ber through February and southerly winds the
remainder of the year (Table 34). Wind speed
also has a seasonal pattern, being stronger
from November through April than in
summer months. Wind charts for Mobile,
Alabama, and Biloxi, Mississippi, indicate that
the strongest winds, in excess of 40 km/h
(25 mi/h), in the coastal area occur less than
five days during the year and originate from
both the north and south. The highest wind
speed recorded in the Mobile area was 233
km/h (145 mi/h) during Hurricane Frederic
in September 1979 on Dauphin Island (U.S.
Army Corps of Engineers 1981).

HURRICANES AND
TROPICAL STORMS

A hurricane is a tropical cyclone with
wind velocities of 119 km/h (74 mi/h) or
greater. Most hurricanes form in zones be-
tween 8° and 15° latitude from the equator,
where the sea surface temperature is high and
the Coriolis force strong enough to cause the
spinning of winds around low-pressure centers
(Petterssen 1969). Hurricanes pose a definite
threat to the Alabama coast from June
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through October, being most frequent in
Alabama during September (Figure 61). These
late summer hurricanes tend to originate in
the eastern North Atlantic near the Cape
Verde Islands and are often severe. Those
hurricanes arising in June and July usually
originate in the western Atlantic or Caribbean
and tend to be weak (U.S. Army Corps of
Engineers 1981).

A total of 57 hurricanes have affected
the Gulf of Mexico coastline since 1711
(Table 35), an average of one hurricane every
five years. Even though the landfall of the
center of a hurricane may not occur along the
Alabama coast, those which move inland from
Louisiana to the Florida panhandle can have
significant effects in Alabama. During the
1900’s, nine of these hurricanes were classi-
fied as severe, with the Saffir/Simpson sys-
tem. The high winds typically generated by
hurricanes are ordinarily not as destructive as
the marked rise in water level, referred to as
hurricane surge. Hurricane Frederic, the last
hurricane to hit the Alabama coast (12-13
September 1979), had record wind speeds of
233 km/h (145 mi/h) recorded at Dauphin
Island. At Mobile, wind speeds were recorded
at a record 164 km/h (101 mi/h). Heavy rains
associated with hurricanes may lead to
increased river discharge, affecting coastal
areas for several days. Rainfall associated with
Hurricane Frederic amounted to 21.7 ¢cm (8.6
inches) in Mobile and 21.5 c¢m (8.5 inches) on
Dauphin Island on 12-13 September 1979.
The highest recorded total was reported at
Merrill, Mississippi, as 23 ¢m (9 inches) fell in
a 24-hour period. The intense rainfall associa-
ted with Hurricane Frederic followed a period
of relatively dry weather and flooding was less
than might be expected in or near the hurri-
cane path (US. Army Corps of Engineers
1981). Only a slight drop in air temperature
(2° to 4°C [4° to 7°F]) was reported during
the hurricane activity (U.S. Army Corps of
Engineers 1981). Hurricanes are also capable
of bringing cold water to the ocean surface.
Hurricane Hilda in 1964 lowered surface-
water temperature in the gulf 5°C (9°F).



Table 32. Carbon monoxide concentrations (ppm) in atmosphere of Mobile, Alabama
(modified from Alabama Air Pollution Control Commission 1981).

Hourly reading 8-hr averageP
Sampling? Number of 2nd 2nd
location Year observations Max. Max. Max. Max.
14 1978 6224 15.1 13.1 €9.5 8.8
1979 59317 12.7 10.7 8.1 6.5

4Gee Figure 59 for sampling locations.
b8 hr standard--9.0 ppm.
CExceeded 8-hr standard.

Table 33. Ozone concentrations (ppm) in atmosphere of Mobile, Alabama,

and surrounding areas (modified from Alabama Air Pollution Control

Commission 1981).

1-hr readingb
Sampling? Number of 2nd
location Year observations Max. Max.
1 1976 8157 0.12 0.12
1977 2691 0.09 0.09
5 1977 1196 0.09 0.09
1978 5505 €0.15 €0.15
1979 4791 0.10 0.10
6 1977 5601 0.15 0.14
1978 7359 0.12 0.11
1979 3235 0.10 0.10
13 1975 2453 0.10 0.09

aGee Figure 59 for sampling location.
b9 hr standard--0.12 ppm,
CExceeded 1-hr standard.
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Figure 60. Wind chart for Mobile, Alabama (U.S. Army Corps of Engineers 1953).
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Table 34. A summary of wind data from selected U.S. Weather Bureau stations in Alabama, 1872 - 1930 (Crance 1971).

Number
Station of years Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Prevailing wind direction
Citronelle 38 NwW Nw S S S S S S SE N NwW NW S
Daphne 25 Nw NW SW Sw Sw Sw SwW sw NE NW NW NwW Sw
Mobile 59 N N S S ] S SwW Sw N N N N N
Robertsdale 19 NE Sw SwW sSw SW sSw SwW Sw NE NE N NE Sw
Average hourly wind velocity (mi/h)
Mobile 58 8.8 91 9.3 9.2 8.6 1.7 7.2 7.1 7.6 8.1 8.4 8.7 8.3
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Figure 61. Monthly frequency of hurricanes affecting Alabama since 1711
(modified from Chermock 1974).



Table 35. Hurricanes affecting Alabama, 1711 - 1972 (modified from U.S. Army
Corps of Engineers 1971). .

Principal guif

Date Landfall Origin area affected
Sep 11-13, 1711 ax * New Orleans, LA
Sep 12-13, 1722 * * New Orleans, LA
1732 * * Mobile, AL
1736 * * Pensacola, FL
Sep 12, 1740 * * Pensacola, FL
Sep 1759 * * Gulf coast
Oct 22, 1766 * * Pensacola, FL
Sep 04, 1772 * * Louisiana
Jul 10, 1776 * * New Orleans, LA
Aug 18, 1779 * * New Orleans, LA
Oct 07-10, 1779 * * New Orleans, LA
Aug 24, 1780 * * New Orleans, LA
Aug 23, 1781 * * New Orleans, LA
Aug 1800 * * New Orleans, LA
1811 * * New Orleans, LA
Aug 19, 1812 * * New Orleans, LA
Aug 19, 1813 * * Gulf coast
Aug 25-28, 1819 * * Bay St. Louis, MS
1821 * * New Orleans, LA
Jul 11, 1822 * * Mobile, AL
Aug 16, 1831 * Atlantic Mouth of Miss. River
Oct 07, 1837 New Orleans, LA Caribbean New Orleans, LA
Sep 18-22, 1842 * * Gulf coast
Oct 12, 1846 * * New Orleans, LA
Aug 23, 1852 * * Mobile, AL
Aug 12, 1856 * * Louisiana
Aug 30, 1856 Mobile, AL * Mobile, AL
Aug 11, 1860 * * Mobile, AL
Sep 15, 1860 * * Mobile, AL
Jul 30, 1870 * * Mobile, AL
Sep 21, 18717 * * Gulf coast
Aug 26-30, 1880 Mobile, AL Atlantic Mobile, AL
Sep 10, 1882 Mobile, AL * Mobile, AL
Oct 19, 1887 Grand Isle, LA Atlantic Mississippi coast
Aug 19, 1888 Lake Charles, LA Atlantic Louisiana to
Mobile, AL
Sep 23, 1889 Burrwood, LA Atlantic Louisiana to
Pensacola, FL
Oct 02, 1893 Pascagoula, MS Caribbean Louisiana
Aug 15, 1901 Grand Isle, LA Atlantic Louisiana
Sep 27, 1906 Pascagoula, MS Caribbean Mobile, AL
Sep 20, 1909 Grand Isle, LA Caribbean New Orleans, LA
Sep 14, 1912 Mobile, AL Gulf Mobile, AL
Sep 29, 1915 Grand Isle, LA Atlantic New Orleans, LA
Jul 05, 1916 Gulfport, MS Caribbean Mobile, AL
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Table 35. Concluded.

Date Landfall

Oct 18, 1916
Sep 28, 1917
Sep 20, 1926
Sep 01, 1932
Sep 19, 1947
Sep 04, 1948
Aug 30, 1950
Sep 24, 1956

Pensacola, FL
Pensacola, FL
Perdido Beach, AL
Mobile, AL

New Orleans, LA
Grand Isle, LA
Mobile, AL

Sep15, 1960
Oct 03, 1964
Augl7, 1969

Pascagoula, MS
Franklin, LA
Waveland, MS

Jun 19, 1972 Panama City, FL
Sep 23, 1975 Panama City, FL

Sep 22, 1979

Fort Walton Beach, FL

Dauphin Island, AL

Principal gulf
Origin area affected
Caribbean Pensacola, FL
Atlantic Pensacola, FL
Atlantic Pensacola, FL
Atlantic Mobile, AL
Atlantic Mississippi coast
Gulf Louisiana
Atlantic Gulf Shores, AL
Caribbean Alabama and north-
west Florida
Gulf Mississippi coast
Caribbean Louisiana
Caribbean . Mississippi and
Louisiana coast
Caribbean Florida Panhandle
Caribbean Alabama and
northeast Florida
Caribbean Mobile, AL

2 Not available.

As Hurricane Frederic reached landfall,
the storm surge reached heights of 3 to over
4 m (10 and 16 ft) above mean sea level
along the Alabama coastline with a high
reading of 5.2 m (17 ft) recorded about 4.8
km (3 mi) west of Perdido Bay (U.S. Army
Corps of Engineers 1981). The eastern shore
of Mobile Bay had high-water elevations of
2.4 to 3 m (8 to 10 ft). Readings near 1.6 m
(5.5 ft) were recorded on the Tensaw and
Mobile Rivers. The western shore of Mobile
Bay had high-water readings ranging from 2.1
to 3.6 m (7 to 12 ft).

In terms of damage to life and proper-
ty, Hurricane Frederic was one of the most
physically destructive storms ever to strike
the Alabama coast (Table 36), although not as
destructive as Hurricane Camille in 1972.
Flooding in Mobile and Baldwin Counties
covered 34,800 ha (87,000 acres). Through-
out the gulf coast, some 49,200 ha (123,000
acres) were inundated by Hurricane Frederic,
in comparison to the flooding of 173,200 ha
(433,000 acres) as a result of Hurricane
Camille (U.S. Army Corps of Engineers
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1981). Only 13 deaths were attributed to
Hurricane Frederic, in comparison to 256
deaths as a result of Hurricane Camille. In
Alabama, Hurricane Frederic resulted in
economic losses of near 1.5 billion dollars.
This is similar to the entire loss attributed to
Hurricane Camille (U.S. Army Corps of
Engineers 1981).

A tropical storm is a cyclone with
maximum sustained surface wind between
63 and 117 km/h (39 and 73 mi/h). In a
178-year period, 17 tropical storms af-
fected the Alabama coastal region (Table 37).
The Alabama coast has been particularly
subject to destructive hurricanes and tropical
storms (Figure 62). The probability of a
tropical storm or hurricane affecting the
80-km (50-mi) area between Biloxi, Mississip-
pi, and Mobile Bay has been calculated as 13%
for a tropical storm, 6% for a hurricane,
and 1% for a severe hurricane each year
(Simpson and Lawrence 1971). For the
eastern gulf coast, the probability of hurri-
cane or tropical storm influence increases to
50% each year (Hope and Neumann 1971).



Table 36. Costliest hurricanes in the Gulf of Mexico 1900 - 80
(U.S. Army Corps of Engineers 1981).

Category Damage
(Saffir/Simpson (billions

Hurricane Location Year scale) of dollars) Deaths
Frederic ALMS FL 1979 4 2.22 13
Camille MS,LA 1969 5 1.42 256
Betsey FL,LA 1965 3 1.42 75
Celia X 1970 3 0.46 --
Carla TX 1961 4 0.45 -
Beulah TX 1967 3 0.20 -
Audrey LA, TX 1957 4 0.15 390
Carmen LA 1974 3 0.15 -
Hilda LA 1964 3 0.12 --
(a) FL,LAMS 1947 4 0.11 51
(a) X 1900 4 b.. 6,000
(a) FL,TX 1928 4 -- 600

900
(a) LA 1909 4 - 350
(a) LA,TX 1915 4 - 275
(a) MS,AL,FL 1906 3 - 134
aNo name.

IDNot available.

Table 37. Tropical storms affecting Alabama, 1886 - 1964

(U.S. Army Corps of Engineers 1967a and b).

Date Landfall Origin
12 Sep 1892 Port Eads, LA Gulf
07 Aug 1894 Pensacola, FL Gulf
16 Aug 1895 Bayou La Batre, AL Gulf
12 Sep 1900 Port Eads, LA Caribbean
14 Jun 1901 Mobile, AL Caribbean
10 Oct 1902 Mobile, AL Gulf
02 Nov 1904 Port Eads, LA Caribbean
21 Sep 1907 Gulfport, MS Caribbean
04 Jul 1919 Pensacola, FL Gulf
17 Oct 1922 Pensacola, FL Caribbean
17 Oct 1923 Biloxi, MS Gulf
06 Oct 1934 Mobile, AL Caribbean
16 Jun 1939 Mobile, AL Caribbean
10 Sep 1944 Biloxi, MS Gulf
08 Sep 1947 Pascagoula, MS Gulf
18 Sep 1957 Grand Isle, LA Gulf
08 Oct 1959 Pensacola, FL Gulf
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TORNADOES

Tornadoes are local storms consisting
of winds rotating at very high speeds around a
central cavity in which the centrifugal force
produces a partial vacuum. Air surrounding
the vortex picks up dust, debris, or water as it
moves forward forming the characteristic
funnel. Most tornadoes have wind speeds of
161 to 322 km/h (100 to 200 mi/h), but
speeds of violent ones have been estimated
at near 805 km/h (500 mi/h). Much of the
damage resulting from a tornado is the
result of pressure differentials causing build-
ings to explode outward rather than being
blown over. Wind pressure may be as great as
33.7 kg/m? (800 lbs/ft?) (Petterssen 1969).

Alabama is a tornado-prone state; and,
on the basis of data accumulated from 1953
to 1969, it ranks fourteenth among the states
in order of frequency per unit area (NOAA
1974). Tornadoes are most frequent in the
state in March and April. Between 1953 and
1964, there were an average of 18 tornadoes
per year (Chermock 1974). They occur at all
hours but tend to be more numerous between
1400 and 1900 hours. In coastal Alabama,
tornadoes are often associated with thunder-
storms and may be associated with hurricanes

(Chermock 1974).
PLANT LIFE

By Steven C. Harris
and Patrick E. O’Neil

Sunlight irradiates the earth at the
estimated rate of 2 gcal/cm?min (Odum
1971). Only about half of this solar energy
ever reaches the earth’s surface and of this
amount only about 5% is utilized by green
plants in photosynthesis. This process con-
verts solar energy into the chemical energy of
organic products, which is then available to all
other living organisms. Only a few major
groups of organisms—the green plants, algae,
and some bacteria—have chlorophyll, which is

necessary for photosynthesis, These chloro-
phyll-bearing organisms are the foundation
and bases for all life.

ALGAE

Algae are a diverse group of single and
multicellular plants characterized by the
common presence of unicellular reproductive
structures. In the aquatic environment, they
can be grouped into two broad categories:
planktonic and benthic. Planktonic algae are
suspended in the water column while benthic
algae are attached to the substrate or bottom-
dwelling organisms. Algae occur in many
habitats and are well represented in coastal
Alabama environments.

PLANKTONIC ALGAE

The two major groups of planktonic
algae in the Gulf of Mexico are the unicellular
diatoms (Chrysophyta) and dinoflagellates
(Pyrrophyta). Although studies dealing specif-
ically with phytoplankton diversity and
seasonal abundance for coastal Alabama
waters are lacking, a probable species assem-
blage can be compiled from several northern
gulf surveys (Table B-1, Appendix B). In more
complete compilations of the Gulf of Mexico
Gulf survéys (Table B-1, Appendix B). In
more complete compilations of the Gulf of
Mexico phytoplankton, over 890 species of
dinoflagellates (Steidinger 1972), and over
380 species of diatoms (Conger et al. 1972)
have been reported.

Mexico, there are at least four species (Gony-
aulax monilata, G. polyedra, G. tamarensis
var. excavata, and Gymnodinium breve)
known to produce neurotoxins capable of
killing fishes and invertebrates, but only
two of these species have been associated with
mass mortalities (Steidinger 1973). Gony-
aulax monilata has been reported as the
causative agent for numerous fish kills in the
northern Gulf from Texas to Florida (Wil-
liams and Ingle 1972). During August of

.
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1979, a bloom of Gonyaulax monilata created
reddish discolored water in scattered northern
Gulf coastal waters, including Mississippi
Sound, lower Mobile Bay, and Pensacola Bay.
No mortality was associated with the bloom
in Mississippi, but small fish kills were re-
ported in both Alabama and Florida (Perry et
al. 1979). Gymnodinium breve is essentially
coastal in distribution and the cause of
extensive mortalities in fishes and shelifish.
Blooms are primarily restricted to the west
coast of Florida but have been reported from
the northwest coast of Florida, the east coast
of Texas, and off the coast of Mexico. The
species has been collected in Mississippi
Sound (Housley 1976) and is likely to occur
off the Alabama coast.

The blue green alga, Oscillatoria ery-
thraea, is also a cause of “red tides” during
blooms. The species is widely distributed in
the northern Gulf of Mexico, but widespread
blooms are rare. In August 1974, an extensive
bloom of O. erythraea occurred in Mississippi
Sound, extending in a thin band from north
of Cat Island to near Dauphin Island, off the
Alabama coast (Eleuterius et al. 1981). Qasin
(1970) reported the blooms may be harmful
to certain plants and animals, but no fish
mortalities were reported following the 1974
Mississippi bloom. Most fishes and larger
invertebrates simply avoided the area of the
blooms (Eleuterius et al. 1981).

Planktonic primary production (the
amount of radiant energy stored by photo-
synthetic activity) in Gulf waters is highest in
the estuaries, decreasing from the head to the
mouth. This reduction of primary production
continues seaward so that estuaries and bays
are the most fertile, followed by continental
shelf waters, and finally open Gulf waters.
Inshore chlorophyll a values in surface and
integrated water samples (average 0.23 mg/m?
and 16.59 mg/m?, respectively) are slightly
less than twice the offshore values (average
0.13 mg/m® and 1094 mg/m?) (El-Sayed
1972). These values do not take into account
the contribution to production made by
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benthic and epiphytic algae and seagrasses.
Several investigators, including Pomeroy
(1960), Schelske and Odum (1961), and Teal
(1962), have reported that in shallow estu-
aries phytoplankton is of secondary impor-
tance in comparison to marsh grasses, seagras-
ses, and benthic flora. Taylor and Saloman
(1968) suggested that in Boca Ciega Bay,
Florida, planktonic algae accounted for only
one-sixth of the total primary production. In
a study of phytoplankton production in
Mississippi Sound, Mulkana and Abbott
(1972) determined net plankton standing
crop was greatest during the spring and
summer, declining in the fall with decreasing
gulf temperature. Nannoplankton biomass
was estimated to be considerably higher than
that of the net plankton, with population
peaks showing no seasonal trend. The impor-
tance of phytoplankton to primary produc-
tion is reversed in open gulf waters. The
diversity of phytoplankton also increases in a
seaward direction as holoplanktonic (‘“‘perma-
nent plankton”) forms replace meroplank-
tonic (“‘temporary plankton”) forms (Thomas
and Simmons 1960).

Davis (1954) stated that the greatest
immediate need in the field of phytoplankton
research in the Gulf of Mexico was a thor-
ough, quantitative study of the diversity and
seasonal distribution of the entire gulf flora.
Since the 1950’s numerous phytoplankton
studies, primarily net plankton, have been
conducted in the Gulf of Mexico, but as yet
thorough studies of the coastal waters off
Alabama are lacking. However, the Alabama
Coastal Area Board is currently undertaking
an intensive study of the phytoplankton of
Mobile Bay.

BENTHIC ALGAE

Several studies dealing with benthic algae
have been conducted off the Alabama coast
(Table B-2) and in the northern Gulf of
Mexico (Table B-3), although the species lists
are far from complete. Benthic algae in



coastal Alabama waters are limited in abun-
dance and diversity because of a scarcity of
suitable substrates. In many areas, popula-
tions of benthic algae are concentrated on
manmade structures such as jetties and
seawalls or such natural structures as oyster
reefs, clam shells, or seagrass leaves. Light
penetration, which tends to be low, is also a
limiting factor in benthic algae abundance in
the northern gulf. Other factors likely affect-
ing benthic algae, as well as planktonic algae,
include salinity, nutrients, and temperature.
Although diatoms comprise the greatest
portion of the benthic algae reported from
coastal Alabama (Table B-2), the red, brown,
and green algae are more conspicuous.

Benthic algae occur in greatest abun-
dance and diversity in the late winter and
early spring in coastal Alabama waters. Dasya
pedicellata, Ecotocarpus confervoides, Poly-
siphonia spp., Gracilaria spp. and Entero-
morpha spp. are commonly present at this
time. In late spring, Champia parvula and
Spyridia filamentosa are abundant. During the
summer, sargassum weed and the epiphytic
red algae Jania sp. and Ceramium fastigiatum,
are especially abundant off the Alabama
coast. In late summer, the red algae, Hypnea
musciformis, Gelidium crinale, Chondria
leptacremon, Goniotrichum alsidii, Erythro-
trichia carnea, and Acrochaetium seriatum,
and brown algae, Dictyota dichotoma and
Sphacelaria tribuloides, are common in
coastal Alabama waters. The blue-green algae
are fairly abundant year round (Morrill 1959).

In addition to their role as primary
producers, algae also generate oxygen through
photosynthesis. The larger benthic algae
provide a refuge for small animals, including
juveniles of many seafood species, and often
provide a substrate for the attachment of
epiphytic organisms.

Man utilizes algae in numerous ways.
More than 70 species of marine algae (mostly
red and brown algae) have been used as a food
source, primarily in oriental countries. Cell
wall polysaccharides of several red algae, agar,

carrageenan, and algin, are used in food
processing and microbiology. Algae are
also increasingly being used as animal fodder
and crop fertilizers.

SUBMERGED MARINE AND
ESTUARINE PLANTS

In addition to benthic algae, several
spermatophytes occur off the Alabama
coast. Unlike henthic algae, which ordinarily
require a solid, hard substrate for attachment,
these spermatophytes grow on substrates of
partially consolidated sand or sandy clay.

SEAGRASSES

Seagrass is a general term used to des-
cribe the beds of submerged flowering plants
growing off the coastline in undiluted sea-
water down to depths of 23 m (75 ft). These
plants are monocots of the family Hydro-
charitaceae and are classified into four genera:
Thalassia, Cymodocea, Halophila, and Halo-
dule (Humm 1973). The two most common
species in the eastern Gulf of Mexico are
turtle-grass (Thalassia testudinum), which
comprises over 60% of the seagrasses, and
manatee-grass (Cymodocea filiformis) (Humm
1973). In the northern gulf, seagrasses cover
approximately 9,200 ha (22,800 acres), with
88% of this acreage in Mississippi Sound
(Eleuterius 1973a; Stout and Lelong 1981).
The most abundant species in the northern
gulf is shoal grass (Halodule wrightii). Species
which are regarded as rare throughout the gulf
but are occasionally locally abundant include
Halophila baillonis and H. engelmannii.
Widgeon-grass (Ruppia maritima), although
not a true seagrass, being primarily brackish in
occurrence, is another common gulf monocot
(Borom 1979). It is abundant along the
shoreline in eastern and northern estuarine
gulf waters.

Along coastal Alabama, the high turbid-
ity of estuarine waters limits seagrass beds to
waters less than 2 m (6 ft) deep with most
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occurring at depths of 50 e¢m (20 inches) or
less (Stout and Lelong 1981). Alabama’s
seagrass beds are comprised of three species.
Shoal-grass, which covers 266 ha (656 acres),
and widgeon-grass, which covers 123 ha (305
acres), are the most common (Stout and
Lelong 1981). Turtle grass beds are limited to
Old River east of the mouth of Perdido Bay.
Small patches of turtle grass are also found
among the extensive beds of shoal-grass
(Stout and Lelong 1981).

OTHER SUBMERGED
AQUATIC VEGETATION

In 1957, Baldwin estimated that sub-
merged aquatic vegetation covered 2,024
ha (5,000 acres) in Mobile Bay and 3,036 ha
(7,500 acres) in the lower delta. Dominant
vegetation included the common water
nymph (Nagjas quadalupensis), muskgrass
(Nitella sp.), which is a green algae, tape grass
(Vallisneria americana), and horned pond-
weed (Zannichellia palustris). Lueth (1963),
in a study of the lower Mobile Delta, repcrted
pondweeds (Potomogeton spp.), tape grass,
and the common water nymph as abundant.
Widgeon-grass was rare while fanwort (Ca-
bomba caroliniana) and marestail (Myrio-
phyllum spp.) were locally abundant. Since
the 1950’s and early 1960’s, tape grass, which
was abundant throughout the bays of the
delta and along the eastern shore, has been
gradually replaced by Eurasian water-milfoil
(Myriophyllum spicatum) (Figure 63). Tape
grass populations are now reduced to isolated
but fairly extensive patches primarily in
the upper portions of Mobile Bay, while
Eurasian water-milfoil is widespread. Tape
grass now accounts for about 27% (297 ha
[741 acres]) of all submerged vegetation off
Alabama’s coastline, while Eurasian water-
milfoil accounts for 35% (383 ha [958
acres]). The total amount of submerged
vegetation, including seagrasses, is estimated
to be 1,119 ha (2,763 acres) (Stout and
Lelong 1981).
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Since the inventory by Baldwin in 1957,
numerous changes have occurred in areal
coverage and species composition of sub-
merged vegetation off Alabama’s coast. Areal
coverage of beds have decreased with dredging
and filling operations in the Bay and with
increased turbidity resulting from shoreline
development (Stout and Lelong 1981).
Accompanying the decline in submerged
vegetation have been reported declines in
sport and commercial fisheries and inverte-
brates associated with the vegetation (Stout
and Lelong 1981). The actual extent of
these losses is difficult to quantify, however,
since early inventories were accomplished
without benefit of aerial photography. A
comparative list of submerged aquatic plants
reported as occurring in Mobile Bay by
Baldwin (1957), Lueth (1963), and Stout and
Lelong (1981) is seen in Table 38.

Community diversity and species com-
position of the submerged vegetation has
declined, with single species beds now fairly
common (Stout and Lelong 1981). Widgeon-
grass beds, once extensive, have declined to a
few isolated patches (Borom 1975). Widgeon-
grass now accounts for 11% of all submerged
vegetation and covers approximately 121 ha
(300 acres), most in pure stands (Stout
and Lelong 1981). The extent of shoal-grass
has also declined, particularly along the shores
of Mobile Bay and in lower Perdido Bay
(Stout and Lelong 1981). The most obvious
change, however, has been the invasion of
Eurasian water milfoil, which was not noted
in the inventories of Baldwin (1957) and
Lueth (1963). Water milfoil has become the
predominant species in Alabama’s coastal
waters with populations likely to increase in
the future. The species is considered a nui-
sance by waterfowl managers and boaters, and
a chemical eradication plan is being con-
sidered by the U.S. Army Corps of Engineers
(Stout and Lelong 1981). Water milfoil beds
also appear to provide suitable habitat for
mosquitoes and their decomposition creates
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Table 38. Submerged and floating aquatic plants occurring in the coastal waters of Alabama.

Stout &
Baldwin Lueth Lelong
Scientific name Common name (1957) (1963) (1981)
Submerged Vegetation
Bacopa caroliniana Lemon bacopa X
Cambomba caroliniana Fanwort X X X
Callitriche heterophylia Water starwort X
Ceratophyllum demersum Coontail X X
Chara sp. Stonewort X
Egeria densa Waterweed X
Elodea canadensis Waterweed X
Halodule wrightii Shoal grass X
Heterantheria dubia Water star-grass X X
Hydrochloa caroliniensis Watergrass X
Isoetes sp. Quillwort X
Mayaca aubletii Bogmoss X
Mayaca fluviatilis Bogmoss X
Myriophyllum heterophyllum  Variable watermilfoil X
Myriophyllum sp. Watermilfoil X X
Myriophyllum spicatum Eurasian watermilfoil X
Najas quadelupensis Common water nymph X X X
Nitella sp. Muskgrass X X X
Potamogeton crispus Curly pondweed X
Potamogeton diversifolius Snailseed pondweed X
Potamogeton epihydrus Ribbon-leaf pondweed X X
Potamogeton foliosus Gray-duck moss X X
Potamogeton gramineus Variable pondweed X
Potamogeton nodosus Longleaf pondweed X X
Potamogeton pectinatus Sago pondweed X X
Potamogeton perfoliatus Clasping leaf pondweed X X
Potamogeton pulcher Pondweed X
Potamogeton pusillus Slender pondweed X
Ruppia maritima Widgeon grass X X X
Thalassia testudinum Turtle-grass X
Tolypella sp. Stonewort X
Vallisneria americana Eel-grass X X X
Zannichellia palustris Horned pondweed X X X
Floating Vegetation
Azolla caroliniana Mosquito fern X
Eichhornia crassipes Water hyacinth X
Lemna perpusilla Duckweed X
Limnobium spongia Frogbit X
Nelumbo lutea Lotus X .
Nuphar luteum Cowlily X X
Nymphaea odorata White waterlily X X
Nymphoides aquatica Floating heart X X
Utricularia biflora Bladderwort X X
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objectionable odors along the shore (Borom
1975). Borom (1975) suggests that floral
changes in Alabama’s coastal waterways are
the result of several factors, including in-
creased input of fertilizers and herbicides,
increased inputs of municipal and industrial
effluents, petrochemical spills, and natural
changes in salinity, turbidity, and water
movements.

Submerged aquatic vegetation has several
important functions in the Gulf of Mexico. It
is a primary producer and, in total produc-
tion, probably exceeds the benthic algae
(Humm 1973). Submerged aquatic vegetation
provides the principal food source for water-
fowl, numerous fishes, and other aquatic
animals. The extravagant growth of milfoil
has caused some concern among waterfowl
enthusiasts as to milfoil’s acceptability as a
food source. Florschutz (1969) indicated
water milfoil was a low-quality waterfowl
food. With the invasion of water milfoil, and
subsequent decline in eel-grass, winter water-
fowl counts have decreased in the Mobile Bay
area (Borom 1979). A similar water milfoil
invasion in Chesapeake Bay resulted in an
80% decrease in winter waterfowl counts

(Bayley et al. 1968).

FLOATING VEGETATION

Several floating aquatic plants occur in
the Mobile Delta (Table 38), but they tend to
be rare and localized in freshwater environ-
ments. Wind action is reported as the prob-
able limiting factor, restricting most floating
vegetation to protected ponds and ditches
(Chermock 1974). Water hyacinth (Eichhor-
nia crassipes), at one time reached nuisance
abundance blocking streams and ditches and
forming shoreline bands as much as 15
m (50 ft) wide (Lueth 1963). However, in
recent years, it has not been observed in any
abundance throughout the lower delta (J. P.
Stout, personal communication).

TIDAL MARSHES

The tidal marshes of coastal Alabama,
which are associated with the estuaries, are
most extensive in the Mobile Delta and the
northern shore of Mississippi Sound (Figure
64; Table 39). These wetlands are small in
area, comprising less than 1% of the State’s
total land area. Based on the estimates of
Vittor and Stout (1975), approximately
6,879 ha (16,992 acres), or 60% are saline and
brackish marsh and 4,547 ha (11,232 acres),
or 40%, are freshwater marsh.

Total marsh acreage is low in part
because of the extremely limited tidal range.
This range varies from 0.5 m (1.6 ft) at the
Bon Secour River to 0.4 m (1.2 ft) at Mobile
Point. The periodic tide in Perdido Bay is
even lower—less than 0.2 m (0.5 ft). A low
tidal range will only flood a small amount of
land surface, thereby yielding limited tidal
marsh area. Another reason for low marsh
acreage is the steep relief of the eastern shore,
which effectively circumvents any regular
tidal flooding.

Marshes, whether saline or fresh, have
several important functions in coastal Ala-
bama. They chiefly function as primary
producers for the detritus-based food chain,
but they also provide food and habitat for
young and juvenile organisms, especially
commercially important species. Other sea-
food species utilize the marshes as breeding
and spawning areas. Marshes are also impor-
tant in removing nutrients and toxic materials
from the water and in controlling erosion by
sediment binding.

Stout (1979) categorized Alabama’s
marshes into four types: saline marsh, brack-
ish I marsh, brackish II marsh (sometimes
known as intermediate marsh), and freshwater
marsh. Vegetational features of each marsh
type are unique and exhibit zonational
patterns of occurrence from the mean low-
tide line to the upper reaches of the marsh
(Figure 65). Demarcation between marsh
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Table 39. Area (acres) of tidal marsh within coastal Alabama.

Source

Crance Chermock Vittor and

Region 1971 1974 Stout 1975
Mississippi Sound 11,762 11,366 10,889
Mobile Bay 6,224 2,862 3,505
Mobile Delta? 15,257 15,155 10,450

Perdido Bay west

to Little Lagoon 1,371 829 3,380
Total 34,614 30,217 28,224

aNorthern limit of delta tidal marsh was established around latitude 30°52' 30"'.

types is usually not distinct but rather a
gradation from one type to another through-
out the estuary (Figure 66). Plant species
abundance, associations, and salinity of
flooding waters are major factors used to
delineate marsh types. While many plant
species occur throughout tidal marshes, some
are restricted to specific marsh conditions
(Table 40).

SALINE MARSHES

Of the total marshland of Alabama, as
estimated from data presented in Vittor and
Stout (1975), only about 8%, 943 ha (2,329
acres), can be considered true salt marsh.
These marshes are found in Isle Aux Herbes,
Grand Bay, Heron Bay, Little Dauphin Island,
and Weeks Bay.

Two species of plants dominate saline
marshes in coastal Alabama. Stands of needle
rush (Juncus roemerianus) normally comprise
the majority of the marsh, growing in what
seems to be almost pure stands. However,
intermixed with these may be giant cordgrass
(Spartina cynosuroides), saltmeadow cord-
grass (Spartina patens), and three square
(Scirpus olneyi). Occasionally, sea lavendar
(Limonium nashii) and salt marsh aster (Aster

tenuifolius) are also found in this zone (Table
41). As the salinity of the marsh decreases,
needle rush tends to grow taller. Seaward, in
the more saline waters, smooth cordgrass
(Spartina alterniflora) grows in pure stands
and forms a distinct peripheral zone. With
increased salinity, the plants are taller, more
robust, and dense. The line of demarcation
between the zone of smooth cordgrass and
needle rush is usually distinct because of
differences in plant height.

Further zonation may occur inland from
that of needle rush (Figure 66). A zone of
three square may be present, usually occur-
ring in areas where there is drainage of fresh
water from upland areas (Eleuterius 1973b).
Beyond this, on slightly higher ground, is
often a pure zone of saltmeadow cordgrass.
This species forms dense turfs that may
prevent the growth of other species.

Saline marshes are bordered by a sharp
rise of terrain inhabited by shrubs and other
plants, including groundsel tree (Baccharis
halmifolia), sea ox-eye (Borrichia frutescens),
Eryngium integrifolium, marsh elder (lva
frutescens), wax-myrtle (Myrica cerifera), and
goldenrod (Solidago sempervirens). Beyond
the shrubs are trees—mostly oaks (Quercus
spp.) and pines (Pinus spp.).
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Table 40. Common tidal marsh plant species found in coastal Alabama (Sapp et al. 1976).

Scientific name

Common name

Occurrence

Salinity tolerance
(ppt)

Alternanthera
philoxeroides

Andropogon spp.

Borrichia frutescens

Cladium jamaicense

Distichlis spicata

Fimbristylis spadicea

Alligator weed

Broom sedge

Sea ox-eye

Saw-grass

Spike grass

No common name--
a sedge.

Low trailing species forming mats in
water and as understory ground cover to
taller species.

Mixed disjunctly in patches with Spartina
patens and Juncus roemerianus in high

marsh and frequent on hummocks and higher

elevations. Extends into uplands as com-
mon understory grass.

In salt and brackish marshes usually
mixed with Spartina patens. Frequently
on shell rim of marsh margins just above
MHW.

High marsh species. Large, pure stands.

In pure stands usually only along margins
of salt pans or covering depressions with
standing tidal water. Frequently mixed
with Spartina alterniflora (eastern

shore Point aux Pins) and Juncus roe-
merianus. Located above normal tidal ac-
tivity but may often be found in standing
water of higher salinity than adjacent
tidal water.

In salt and brackish marshes, mixed with
Spartina patens in high salt marsh. Common
with Juncus roemerianus in drier areas of
brackish marshes. Usually inconspicuous as
a sub-dominant of community.

Less than 2.

No flooding. 0-5.

8-12. Only
incidental flooding
tolerated.

Less than 2.

12-25. Distichlis
spicata is found
only in salt and
brackish marshes.

No flooding tolera-
ted. 0-10.
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Ilex vomitoria

Juncus roemerianus

Peltandra virginica

Phragmites communis

Pontederia cordata

Yaupon

Needle rush

Arrow arum

Common cane

Pickerelweed

Typical of maritime forest. Replaces or
occurs with salt shrubs on higher ele-
vations of sand beach and island marshes.

From water’s edge (may be flooded at high
tide) to tree line, usually in pure

stands but may be mixed, as follows: (1)
in salt marshes, (a) low marsh, with
Spartina alterniflora and Distichlis

spicata; (b) high marsh, with Spartina
patens; (2) in brackish marshes, with
Spartina cynosuroides or Cladium jamai-
scense. Dense stands of Juncus roemerianus
occur around Oyster Bay (Baldwin Co.),
Heron Bay and Mississippi Sound (Mobile
Co.).

As an emergent in fresh marshes often
forming islands or large clumps along
water’s edge. Frequently mixed with
Sagittaria falcata and Alternanthera
philoxeroides.

High marsh species. Small clumps to broad
bands of pure Phragmites, especially on
higher knobs and ridges.

Low understory. Only very small pure
stands, most frequently mixed with other
species.

Salt spray aerosols
only.

2-25. Probably the
greatest range of
all salt marsh spe-
cies. Juncus roe-
merianus is also
found in fresh
marshes.

Less than 2.

Less than 2.

Less than 2.
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Table 40. Concluded.

Scientific name

Common name

Occurrence

Salinity tolerance
(ppt)

Sagittaria falcata

Scirpus olneyi

Scirpus robustus

Scirpus validus

Spartina alterniflora

Duck potato

Three-square

Salt-marsh

bulrush

Soft-stem bulrush

Smooth cordgrass

Wide range; occurring in intertidal of
protected brackish marshes and as an
emergent in truly fresh marshes. In
brackish marshes typically mixed with
Juncus roemerianus and Spartina cyno-
suroides. In fresh water may occur as
pure mats or islands or mixed with
Alternanthera philoxeroides, Peltandra
virginica and other emergent species.

Same general distribution as Scirpus
robustus though less frequent. Often as
higher zone of marsh above area with
Scirpus robustus.

In brackish marshes above MHW. Usually
mixed with Spartina patens and/or
Distichlis spicata though it may form
pure stands.

Scattered individuals in large stands
(south of causeway) or may be dense
small clusters on marsh edge. Taller
canopy in fresh marsh.

Infrequently in pure stands, but largest
pure stands observed at Isle aux Herbes,
Dauphin Island airport, Point aux Pines.
Usually occurs as a marginal fringe in
intertidal zone. May extend up river (e.g.,
Fish River) to almost fresh water. Fre-
quently found at higher elevations mixed
with Distichlis spicata and/or Juncus
roemerianus.

Less than 2.

5-9.

Less than 2.

Commonly 2-35 and
not in fresh water.
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Spartina cynosuroides

Spartina patens

Typha angustifolia

Typha latifolia

Zizania aquatica

Giant cordgrass

Saltmeadow
cordgrass

Narrow-leaf
cat-tail

Common
cat-tail

Wildrice

Not observed in Alabama in pure stands
more extensive than 100 m? (1,100 ft2).
Usually found along margins of brackish
marshes and creeks or as small clumps
mixed with Juncus in brackish marshes
(e.g., Heron Bay), and Cladium and
Juncus in near-fresh marshes (e.g.,

Fish River and Fowl River).

Above high water level to tree line. May
appear as a band just before tree line,
either pure or mixed with Juncus, Scirpus
sp., Fimbristylis or a combination. May
form meadows within larger marsh areas,
mixed with Distichlis spicata (Isle aux
Herbes) or pure (southeast Mon Louis
Island).

Broader distribution than T'ypha latifolia,
from creek margins to moist higher eleva-
tions. Frequently in disturbed areas.

Usually as an emergent along edges of
larger water courses. Frequently mixed
with Scirpus validus and may occur with
Typha angustifolia in disturbed areas but
less abundant than Typha angustifolia.

Individual clumps scattered in water’s
edge. Taller canopy in fresh marsh.

2-20. Brackish to
near fresh.

10-35. Frequent sub-
mergence not tolera-
ted.

Less than 2.

Less than 2.

Less than 2.
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Table 41. Plants occurring in saline and brackish
marshes (Stout and Lelong 1981).

Scientific name

Common name

Herbaceous Plants

Acnida cuspidata
Agalinis maritima

Alternanthera philoxeroides

Aster tenuifolius
Bacopa monnieri
Boltonia asteroides
Cynanchum palustre
Hibiscus moscheutos
Ipomoea sagittata
Kosteletzkya virginica
Lilaeopsis chinensis
Limonium nashii
Lythrum lineare
Pluchea camphorata
Pluchea purpurascens
Sabatia stellaris
Sagittaria falcata
Salicornia bigelovii
Salicornia virginica
Sesuvium maritimum
Solidago sempervirens
Suaeda linearis
Typha domingensis
Typha latifolia

Vigna luteola

Grasses, Sedges and Rushes

Cladium jamaicense
Cyperus odoratus
Cyperus virens
Distichlis spicata
Echinochloa walteri
Eleocharis cellulosa
Elccharis parvula
Fibristylis castanea
Fuirena scirpoidea
Juncus roemerianus
Panicum repens
Panicum virgatum
Paspalum distichum
Phagmites australis
Scirpus americanus
Scirpus californicus
Scirpus olneyi
Scirpus robustus
Scirpus validus
Setaria geniculata
Spartina alterniflora
Spartina cynosuroides
Spartina patens
Spartina spartinage

Water hemp

Marsh gerardia
Alligator weed

Salt marsh aster
Coastal water-hyssop -

Marsh mallow
Marsh morning glory
Salt marsh mallow

Sea lavender

Salt marsh loosestrife
Marsh fleabane
Marsh fleabane
Rose-gentian
Arrow head
Glasswort
Glasswort

Marsh purslane
Seaside goldenrod
Sea-bite

Cattail

Cattail

Cow pea

Saw grass
Umbrella sedge
Umbrella sedge
Salt grass

Spike rush

Spike rush

Saltmarsh fimbristylis
Umbrella grass
Needle rush

Torpedo grass

Switch grass
Knotgrass

Common cane
American bulrush
Giant bulrush

Olney bulrush
Saltmarsh bulrush
Soft stem bulrush
Foxtail grass

Smooth cordgrass

Big cordgrass
Salt-meadow cordgrass
Gulf cordgrass




BRACKISH 1 MARSHES

Brackish I marshes are usually found
inland along the margins of rivers, streams,
and bayous where salinity decreases to levels
lower than the estuaries (Figure 66). The
primary floral difference between the brack-
ish and saline marshes is a reduction in the
abundance of smooth cordgrass and needle
rush. Dispersed and intermixed throughout
the needle rush zone are a variety of brackish
and freshwater species (Eleuterius 1973b)
(Table 41).

Bordering the needle rush zone is a zone
composed of giant cordgrass. However, small
isolated patches of three-square may be
present on higher ground where freshwater
runoff occurs. This marsh type is bordered
peripherally by shrubs and trees as are the
saline marshes (Figure 65).

BRACKISH II MARSHES

Brackish II marshes occur inland to
brackish 1 marshes along water courses
and represent the limit of tidal influence
(Figure 66). Characteristic of this marsh type
is a variable salinity which ranges between
fresh and brackish. The extent of these
intermittent marshes is small and their limits
poorly defined. Brackish II marshes mark the
upper limit of needle rush. Numerous fresh-
water species are intermixed with needle rush,
such as saw-grass (Cladium jamaicense),
arrowhead, spike-rush (Eleocharis cellulosa),
sword-grass (Scirpus americanus), pickerel-
weed (Pontederia cordata), swamp-lily (Cri-
num americanum), and southern blue flag
(Iris virginica). In higher areas of the marsh,
pure stands of common cane (Phragmites
australis) may be present; in deeper waters
soft-stem bulrush (Scirpus validus) may occur.
Cattails (T'ypha spp.) are usually present in
small wet depressions.

FRESHWATER MARSHES

Freshwater marshes are found beyond
the influence of normal tidal movements,
although they may be temporarily brackish as
a result of abnormal tides. They occur in
discontinuous patches along water courses
and differ from freshwater swamps in that
they consist primarily of herbaceous plants
and lack an overhead canopy of trees or

shrubs (Table 42).

FRESHWATER SWAMPS

Freshwater swamps are not included in
the tallies of total marsh acreage, but they do
have an important function in estuarine
dynamics. These swamps are found along
alluvial flood plains of larger water courses,
the most extensive areas occurring from the
junction of the Alabama and Tombigbee
Rivers south to Saraland. The frequent
inundation of these swamps results in the
flushing of nutrients and detritus into the
estuaries.

The vegetation of these swamps varies to
a large extent on the amount and duration of
flooding (Stout and Lelong 1981). In exten-
sively flooded areas, pond cypress (Taxodium
distichum var. nutans) and swamp tupelo
(Nyssa sylvatica var. biflora) often dominate
the flora. With moderate flooding, the domi-
nant trees are often sweet bay (Magnolia
virginiana), red maple (Acer rubrum), swamp
bay (Persea palustris), tulip tree (Lirioden-
dron tulipifera), and swamp tupelo (Table
43).

These trees create a dense canopy and
the understory is sparse. Virginia willow (Itea
virginica), star anise (Illicium floridanum),
and fetterbush (Leucothoe axillaris) often
comprise part of this understory. Netted
chain fern (Woodwardia areolata) and cinna-
mon fern (Osmunda cinnamomea) are among
the few shade-tolerant herbs in the understory
(Table 43).
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Table 42, Plants of freshwater marshes (Stout and Lelong 1981).

Scientific name

Common name

Woody Plants

Baccharis halimifolia
Cephalanthus occidentalis
Hibiscus moscheutos
Ilex vomitoria
Mpyrica cerifera
Phragmites australis
Salix nigra
Sambucus canadensis
Sesbania exaltata
Sesbania punicea
Sesbania vesicaria

Herbaceous Plants

Alternanthera philoxeroides
Aster dumosus

Aster umbellatus

Bidens mitis

Bidens laevis

Boehmeria cylindrica
Centella asiatica
Colocasia esculenta
Crinum americanum
Eupatorium capillifolium
Eupatorium coelestinum
Eupatorium fistulosum
Eupatorium serotinum
Galium tinctorium
Helianthus angustifolius
Hydrocotyle bonariensis
Hydrocotyle umbellata
Hymenocallis occidentalis
Hypericum mutilum
Hypericum virginicum
Iris virginica

Ludwigia alterniflora
Ludwigia leptocarpa
Ludwigia palustris
Lycopus rubellus
Mikania scandens
Orontium aquaticum
Oxypolis filiformis
Peltandra virginica
Pluchea camphorata
Polygonum hydropiperoides
Polygonum punctatum

Groundsel tree
Buttonbush
Marsh mallow
Yaupon
Wax-myrtle
Reed

Black willow
Elderberry
Coffee weed
Rattlebox
Bladder pod

Alligator weed
Aster

Aster
Beggars-tick
Beggars-tick
False nettle
Centella
Elephants’ ear
Swamp-lily

Dog fennel

Mist flower

Joe Pye weed
Fall thoroughwort
Bedstraw
Narrow-leaf sunflower
Pennywort
Pennywort
Spider lily

St. John’s wort
St. John’s wort
Blue flag

False loose strife
False loose strife
False loose strife
Bugleweed
Climbing hempweed
Golden club
Cowbane

Arrow arum
Camphor weed
Smartweed
Smartweed



Table 42. Concluded.

Scientific name

Common name

Pontederia cordata
Ptilimnium capillaceum
Sagittaria falcata
Sagittaria latifolia
Saururus cernuus
Typha latifolia

Xyris iridifolia

Grasses and Grass-like Plants

Andropogon glomeratus
Carex glaucescens
Carex lurida

Cladium jamaicense
Cyperus ervthrorhizos
Cyperus haspan
Cyperus strigosus
Cyperus virens
Eleocharis flavescens
Eleocharis microcarpa
Eleocharis obtusa
Eleocharis tuberculosa
Fimbristylis autumnalis
Fimbristylis miliacea
Fuirena scirpoidea
Fuirena squarrosa
Juncus biflorus

Juncus effusus

Juncus elliottii

Juncus scirpoides
Leersia oryzoides
Panicum repens
Panicum rigidulum
Panicum scoparium
Panicum virgatum
Rhynchospora corniculata
Rhynchospora macrostachya
Sacciolepis striata
Scirpus americanus
Scirpus californicus
Scirpus cyperinus
Scirpus validus
Spartina cynosuroides
Zizania aquatica
Zizaniopsis miliacea

Pickerel weed
Bishop weed
Arrow head
Arrow head
Lizard’s tail
Cattail
Yellow-eyed grass

Bushy beardgrass
Sedge

Sedge

Saw grass
Umbrella sedge
Umbrella sedge

Spike rush
Spike rush
Spike rush
Spike rush

Umbrella grass
Umbrella grass
Rush

Rush

Rush

Rush

Rice cutgrass
Torpedo grass
Panic grass
Panic grass
Switch grass
Beak rush
Beak rush

Three-square bulrush

Giant bulrush
Marsh bulrush
Great bulrush

Big cordgrass
Wildrice
Southern wildrice
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Table 43. Plants of freshwater swamps (Chermock et al. 1975;

Stout and Lelong 1981).

Scientific name

Common name

Trees

Acer rubrum
Chamaecyparis thyoides
Fraxinus tomentosa
Gordonia lasianthus
Liquidambar styraciflua
Liriodendron tulipifera
Magnolia glauca

Magnolia grandifiora
Magnolia virginiana

Nyssa aquatica

Nyssa sylvatica var. biflora
Osmanthus americana
Persea palustris

Persea pubescens

Pinus elliottii

Quercus hemisphaerica
Quercus nigra

Salix nigra

Taxodium distichum var. nutans

Shrubs and Vines

Alnus serrulata
Arundinaria gigantea
Clethra alnifolia
Cliftonia monophlylla
Coreopsis nudata
Cyrilla racemiflora
Decumaria barbara
Dendropogon usneoides
Ilex coriacea

Ilex vomitoria
Hlicium floridanum
Iris virginica

Itea virginica
Leucothoe axillaris
Luduwigia peploides
Lyonia lucida
Myrica cerifera
Smilax glauca
Smilax laurifolia
Viburnum nudum
Vitis rotundifolia

Red maple
White cedar
Water ash
Loblolly bay
Sweet gum
Tulip tree
White bay
Southern magnolia
Sweet bay
Tupelo
Swamp tupelo
Devilwood
Swamp bay
Red bay

Slash pine
Laurel oak
Water oak
Black willow
Pond cypress

Hazel alder
Cane

Pepper bush
Black titi

Pink coreopsis
Swamp cyrilla
Climbing hydrangea
Spanish moss
Large gallberry
Yaupon

Star anise

Blue flag
Virginia willow
Fetterbush
Water primrose
Fetterbush
Wax-myrtle
Green briar
Green briar
Possum-haw viburnum
Muscadine



Table 43. Concluded.

Scientific name

Common name

Herbaceous Plants
Carex glaucescens
Eleocharis flavescens
Gratiola virginiana
Hypericum mutilum
Hypericum virginicum
Juncus debilis
Juncus diffusissimus
Leersia virginica
Lindernia dubia
Lycopus rubellus
Orontium aquaticum
Osmunda cinnamomea
Osmunda regalis
Peltandra sagittifolia
Peltandra virginica
Polygonum punctatum
Rhynchospora miliacea
Saururus cernuus
Thelypteris normalis
Typha angustifolia
Woodwardia areolata
Xyris iridifolia

Sedge

Spike rush

Hedge hyssop

St. John’s wort
St. John’s wort
Rush

Rush

Rice cutgrass
False pimpernel
Water horehound
Golden club
Cinnamon fern
Royal fern

Spoon flower
Arrow-arum
Smartweed

Beak rush
Lizard’s tail
Widespread maiden fern
Narrowleaf cattail
Netrein chain fern
Yellow-eyed grass

The more open borders of the swamps
may be covered by dense thickets of swamp
cyrilla (Cyrilla racemiflora), black titi (Clif-
tonia monophylla), and large gallberry (llex
corigcea). Wax-myrtle and yaupon (llex
vomitoria) also occur in this habitat, particu-
larly in more brackish areas (Stout and Lelong
1981). In the better drained transition zone
between the swampy areas and the upland
pine-oak forests are found water oak (Quercus
nigra), laurel oak (Quercus laurifolia), sweet
gum (Liquidambar styraciflua), southern
magnolia (Magnolia grandiflora), and devil-
wood (Osmanthus americana) (Stout and
Lelong 1981).

FLORA OF DAUPHIN ISLAND
Mississippi Sound and the Gulf of

Mexico are separated by a chain of barrier
islands, the easternmost being Dauphin Island,

which lies at the mouth of Mobile Bay. From
1964 to 1967, Deramus (1970) surveyed the
flora of Dauphin Island. and reported 584
species of vascular plants (Table 44).

Dauphin Island is characterized on its
eastern portion by a variety of plant associa-
tions, mainly pine forests, interspersed with
freshwater swamps, tidal marshes, and dune
complexes (Figure 67). The western end of
Dauphin Island is dominated by a sand plain
and a narrow tidal marsh.

A beach-dune association (Figure 68)
extends along the south shore of Dauphin
Island. The flora of this region is sparse
because it is subjected to winds, salt spray,
and wave action, which is most intense at the
waters’ edge. Among the plants of the lower
beach region are beach-morning glory (Ipo-
moea stolonifera), pennywort (Hydrocotyle
bonariensis) and camphor plant (Heterotheca
subaxillaris). Species less tolerant of salt spray
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Table 44. Flora of Dauphin Island (Deramus 1970).

Taxon Families Genera Species
Pteridophyta 7 7 9
Spermatophyta

Gymnospermae 3 3 6
Angiospermae
Monocotyledoneae 15 71 156
Dicotyledoneae 87 256 413
Total 112 337 584

—

P)

X AT
.-rif;;;zs =

I
|

oF MEXICO

Mixed pine-hardwood forest
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Disturbed area

Figure 67. Plant associations of eastern Dauphin Island (modified from Deramus 1970).
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Figure 68. Vegetational zones of Dauphin Island.



occurring on the upper beach include sea
purslane (Sesuvium portulascastrum), seaside
heliotrope (Heliotropium cuvassavicum), and
seaside evening primrose (Oenothera humi-
fusa). Also common on the beach are several
species of Panicum grasses and sea oats
(Uniola paniculata) (Deramus 1970).

The beach is bordered by an area of
dunes, normally a low, seaward dune paral-
leled by a high inland dune (Figure 68). The
low dunes are characterized by soil binders,
namely sea oats and marsh elder (Iva frutes-
cens and Iva imbricata). On the older, more
inland dunes are found such shrubs as golden-
rod (Solidago pauciflosculosa) and rosemary
(Ceratiola ericoides). Herbaceous plants
common on these dunes include spurge nettle
(Cnidoscolus stimulosus), prickly pear (Opun-
tia compressa) and sun rose (Helianthemum
arenicola). The more stable portions of the
dunes protected from the wind support scrub
oak (Quercus virginiana var maritima), south-
ern magnolia (Magnolia grandiflora), sassafras
(Sassafras albidum), and dwarf pawpaw
(Asimina parviflora). Between the low,
seaward and high, inland dunes is an inter-
dune region characterized by a sparse grass
cover of several species, including beach
broomgrass (Andropogon maritimus), Ber-
muda grass (Cynodon dactylon), cordgrass
(Spartina patens), and several species of
Panicum grasses (Deramus 1970).

North of the dunes, the eastern end of
the island is characterized by a slash pine
(Pinus elliottii) forest with several small
freshwater swamps (Figure 68). The southeast
portion of the forest is fairly dry and the
understory is comprised of woody plants,
including live oak (Quercus virginiana),
palmetto (Serenoa repens), and several species
of huckleberry (Vaccinium spp.) and herbs,
including false hoarhound (Eupatorium rotun-
difolium), goldenrod (Solidago microcephala),
Queen-of-the-meadow (Vernonia angustifolia),
sunflower (Helianthus radula), several species
of candyweed (Polygala spp.) and meadow
beauty (Rhexia spp.). The western and
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northern portions of the forest are more
moist. The understory here is dominated by
sweet gum (Liquidambar styraciflua) and the
shrubs dwarf sumac (Rhus copallina), wax-
myrtle (Myrica cerifera), and several species
of holly ({lex spp.) (Deramus 1970).

Interspersed through the pine forest,
primarily on the southern side, are small
freshwater swamps. These are shallow bodies
of water which frequently are dry in the
summer. The swamps support a small number
of plant species, the dominant being swamp
tupelo. At the margin are found the shrubs
buttonbush (Cephalanthus occidentalis) and
milk tree (Sapium sebiferum); herbs including
sedge (Carex glaucescens), lizard’s tail (Sau-
rurus cernuus), and bladderwort (Utricularia
inflata); and several species of ferns (Osmunda
spp. and Woodwardia spp.) and Panicum
grasses (Deramus 1970).

A unique area of Indian-built mounds of
oyster shells is located on the northern side of
the island between the pine forest and bay.
Associated with the mounds is a unique flora
of calciphilic plants including southern red
cedar (Juniperus silicicola), hackberry (Celtis
laevigata), Hercules’ club (Zanthoxylum clava-
herculis), possum grape (Cissus incisa),
and spidervine (Boerhaavia erecta) (Deramus
1970).

The western end of Dauphin Island is
narrow and about 18 km (11 mi) long,
with unforested sand plains and marsh areas
(Figure 68). Along the south shore is a beach
and low dune area which is essentially an
extension of the eastern portion of the island,
with a similar associated flora. Inland from
the tidal marsh along the north shore is a
narrow zone of back-beach or low dunes. The
flora of this zone is composed of saltmeadow
cordgrass, salt grass, panic grass (Panicum
repens), and broomgrass (Deramus 1970;
Chermock et al. 1975).

Between the beach-dune complexes of
the north and south shores are marshes
inhabited by needle rush, smooth cordgrass,
and several species of sedge and bulrush. On
the elevated sandflats adjacent to the marsh



are found glasswort (Salicornia bigelovii),
seablite (Suaeda linearis), bulrush, marsh pink
(Sabatia stellaris), sea ox-eye, Cyperus lecon-
tei, and Cynanchum palustre. On higher
ground occur shrub thickets of marsh elder,
groundsel tree, and false willow (Baccharis
angustifolia) (Deramus 1970; Chermock et al.
1975).

The greatest floral diversity on the island
is in the disturbed areas and drainage ditches
along highways. Over 70% of the species
collected by Deramus (1970) were from this
habitat. Alligator Lake and surrounding
regions are also rich in plant species. The flora
of the beach and dune region is probably the
most fragile on the island, owing to the
adverse environmental conditions. It is this
same flora which is most encroached upon by
recreational enthusiasts. Dune plants are
important because their roots bind the sand
and help stabilize the dunes. Loss of the dune
flora could reverse the dune formation and
stablization process (Chermock et al. 1975).

PINE WOODLANDS

The pine woodlands extend from north-
ern Florida across Alabama into Mississippi.
The vegetation of this region can be sub-
divided on the basis of soil moisture and
elevation. In the areas of low relief and poor
drainage, slash pine (Pinus elliottii) is com-
mon. Longleaf pine (Pinus palustris) is also
often found in these moist pinelands. The
understory consists largely of gallberry (Ilex
glabra), wax-myrtle, saw palmetto (Serenoa
repens), and St. John’s wort (Hypericum
fasciculatum). Occasionally, such trees as
sweet bay, swamp bay, and swamp tupelo
occur in this region (Table 45) (Stout and
Lelong 1981).

The pine savannah region is similar to
that of the moist pinelands. The dominant
overstory is slash or longleaf pine; however,
the canopy is much more open and the
understory is more herbaceous than shrubby
(Table 45) (Stout and Lelong 1981). Scat-

tered throughout the pine savannah are ponds
and numerous shallow bogs which support a
unique flora, including pitcher plants (Sarra-
cenia spp.), sundews (Drosera spp.), butter-
worts (Pinguicula spp.), milkworts (Polygala
spp.), and several species of orchids (Spiran-
thes spp., Habenaria spp., Pogonia ophio-
glossoides, and Cleistes divaricata). Trees and
shrubs characteristic of the ponds and bogs
include pond cypress, which are often covered
with Spanish moss (Dendropogon usneoides),
mayhaw (Crataegus aestivalis), yaupon, and
black titi (Cliftonia monophylla).

An upland pine-oak forest covers much
of the remaining pine woodlands of Mobile
and Baldwin Counties. It is usually found
above the 10-foot contour but occasionally
extends below this line intergrading with
moist pinelands along streams and ponds
(Stout and Lelong 1981). Longleaf pine is the
dominant species in this forest with southern
red oak (Quercus falcata), laurel oak (Quercus
hemisphaerica), turkey oak (Quercus laevis),
sandpost oak (Quercus margaretta), flowering
dogwood (Cornus florida), and persimmon
(Diospyros virginiana) also common (Table
46).

A diverse understory occurs in the
upland pine forests. Common shrub spe-
cies include winged sumac (Rhus copallina),
sparkleberry (Vaccinium arboreum), and
blueberries (Vaccinium elliottii, Vaccinium
myrsinites), and huckleberry (Gaylussacia
dumosa). Conspicuous herbs include several
species in the sunflower family, aster, and
blazing star. Other common herbs are whitish
basil (Pycnanthemum incanum), scarlet
(Calamintha coccinea), blue sage (Salvia
azurea), and flowering spurge (Fuphorbia
corollata). Dominant grasses include broom-
sedges (Andropogon spp.), love grasses
(Eragrostis spp.), and three awn grasses
(Aristida spp.) (Table 46).

Along the coast, the upland pine-oak
forest consists of those plants better adapted
to a sand substrate and gulf spray (Stout and
Lelong 1981). Longleaf pine is replaced by
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slash pine and sand pine (Pinus clausa). The
most common oaks are scrubby live oaks
(Quercus virginiana var. maritima) and myrtle
oak (Quercus myrtifolia). Shrubs include
rosemary (Ceratiola ericoides), seaside balm
(Conradina canescens), and seaside goldenrod
(Solidago pauciflosculosa). Typical herba-
ceous plants include sand milkweed (Asclepias
humistrata), golden aster (Heterotheca
subaxillaris), rock rose (Helianthemum
arenicola), dune evening primrose (Oenothera
humifusa), and slender jointweed (Polygonella
gracilis) (Stout and Lelong 1981).

Along the northern shores of Mississippi
Sound, Bayou La Batre, Bayou Coden, and
West Fowl River are numerous Indian oyster
shell middens. Many are small, but Andrew’s
Place Shell Midden in Coden covered 37,160
m? (400,000 ft?) and was 3.0 to 3.7 m (10 to
12 ft) high (Chermock et al. 1975). In addi-
tion to their archaeological value, they
support a distinctive, calciphilic flora, similar
to that found on the Dauphin Island shell
mounds.

Table 45. Plants of the pine woodlands, including savannahs and bogs
(Chermock et al. 1975; Stout and Lelong 1981).

Scientific name

Common name

Woody Plants
Aronia arbutifolia
Arundinaria gigantea
Clethra alnifolia
Cliftonia monophylla
Cyrilla racemiflora
Hypericum brachyphyllum
Hypericum cistifolium
Hypericum fasciculatum
Hypericum myrtifolia
Ilex cassine
Ilex coriacea
Ilex glabra
llex vomitoria
Lyonia lucida
Magnolia virginiana
Myrica cerifera
Nyssa sylvatica var. biflora
Persea palustris
Pinus elliottii
Pinus palustris
Rhododendron viscosum

var. serrulatum

Rhus vernix
Smilax laurifolia
Serenoa repens

Taxodium distichum var. nutans

Vaccinium elliottii
Vaccinium fuscatum
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Red chokeberry
Cane
Pepperbush
Black titi
Swamp cyrilla
St. John’s wort
St. John’s wort
Sand weed

Dahoon

Large gallberry
Gallberry
Yaupon
Fetterbush
Sweet bay
Wax-myrtle
Swamp tupelo
Swamp bay
Slash pine
Longleaf pine

Swamp azalea
Poison sumac
Green briar
Saw palmetto
Pond cypress
Blueberry
Blueberry



Table 45. Continued.

Scientific name

Common name

Herbaceous Plants
Aletris aurea
Aletris farinosa
Asclepias lanceolata
Asclepias longifolia
Balduina uniflora
Calopogon pulchellus
Chondrophora nudata
Cleistes divaricata
Drosera brevifolia
Drosera filiformis
Eriocaulon decangulare
Eriogonum tomentosum
Eupatorium rotundifolium
Habenaria blephariglottis

Luhnistera pinnata
Lachnanthes caroliniana
Liatris tenuifolia

Lilium catesbaei
Lobelia glandulosa
Lobelia puberula
Lophiola americana
Lycopodium alopecuroides
Lycopodium carolinianum
Modiola caroliniana
Phyla nodiflora
Pinguicula lutea
Pinguicula planifolia
Pinguicula pumila
Pogonia ophioglossoides
Polygala brevifolia
Polygala cruciata
Polygala cymosa
Polygala lutea

Polygala ramosa
Pteridium aquilinum
Rhexia alifanus

Rhexia lutea

Sabatia brevifolia
Sabatia macrophylla
Sarracenia alata
Sarracenia flava
Sarracenia leucophylla
Sarracenia psittacina
Sarracenia purpurea
Sarracenia rubra

Colic root
Colic root
Milkweed
Milkweed

Grass pink orchid
Rayless goldenrod
Rosebud orchid
Sundew

Sundew

Pipewort

Wild buckwheat
False hoarhound
White fringe orchid
Summer farewell
Red-root
Blazing-star

Pine lily

Lobelia

Lobelia

Golden crest
Clubmoss
Clubmoss

Cheeses

Cape-weed

Yellow butterwort
Butterwort

Small butterwort
Rose-crested orchid
Milkwort

Milkwort

Yellow milkwort
Yellow milkwort
Yellow milkwort
Bracken fern
Meadow beauty
Meadow beauty
Rose gentian

Rose gentian
Yellow pitcher plant
Yellow pitcher plant
Purple pitcher plant
Parrot pitcher plant
Red pitcher plant
Red pitcher plant
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Table 45. Concluded.

Scientific name

Common name

Scutellaria integrifolia
Spiranthes praecox
Spiranthes vernalis
Tofieldia racemosa
Utricularia cornuta
Utricularia juncea
Xyris caroliniana
Xyris difformis

Grasses and Grass-like Plants

Andropogon virginicus
Anthaenantia rufa
Aristida affinis

Aristida virgata

Ctenium aromaticum
Dichromena latifolia
Eleocharis microcarpa
Eleocharis tuberculosa
Erianthus giganteus
Fuirena squarrosa
Fuirena scirpoidea
Muhlenbergia expansa
Panicum consanguineum
Panicum ensifolium
Panicum scabriusculm
Panicum spretum
Rhynchospora chapmanii
Rhynchospora ciliaris
Rhynchospora glomerata
Rhynchospora plumosa
Rhynchospora pusilla
Scleria ciliata

Scleria reticularis

Rough skullcap
Ladies tresses orchid
Ladies tresses orchid
False asphodel
Bladderwort
Bladderwort

Yellow eyed grass
Yellow eyed grass

Broom sedge

Three-awn grass
Three-awn grass
Toothache grass
White-top sedge
Spike rush
Spike rush
Plume grass
Umbrella grass
Umbrella grass
Muhly grass
Panic grass
Panic grass
Panic grass
Panic grass
Beak rush

Beak rush

Nut rush
Nut rush




Table 46. Plants of the upland pine-oak forest (from
Chermock et al. 1975; Stout and Lelong 1981).

Scientific name

Common name

Woody Plants

Carya tomentosa
Castanea pumila
Ceratiola ericoides
Conradina canescens
Cornus florida
Diospyros virginiana
Gaylussacia dumosa
Gelsemium sempervirens
Ilex vomitoria
Magnolia grandiflora
Pinus clausa
Pinus elliottii
Pinus palustris
Quercus falcata
Quercus hemisphaerica
Quercus incana
Quercus laevis
Quercus margaretta
Quercus myrtifolia
Quercus virginiana
Quercus virginiana

var. martima
Rhus copallina
Sassafras albidum
Serenoa repens
Smilax auriculata
Solidago pauciflosculosa
Taxodium distichum var. nutans
Vaccinium arboreum
Vaccinium elliottii
Vaccinium myrsinites

Herbaceous Plants

Agalinis purpurea
Agalinis setacea
Asclepias humistrata
Asclepias tuberosa
Aster adnatus

Aster linariifolius
Calamintha coccinea
Centrosema virginianum
Clitoria mariana
Cnidoscolus stimulosus
Coreopsis major
Crotalaria angulata

Mockernut hickory
Chinkapin
Rosemary

Seaside balm
Flowering dogwood
Persimmon

Dwarf huckleberry
Yellow jessamine
Yaupon

Southern magnolia
Sand pine

Slash pine
Longleaf pine
Southern red oak
Laurel oak
Blue-jack oak
Turkey oak

Sand post oak
Myrtle oak

Live oak

Dwarf live oak
Winged sumac
Sassafras

Saw palmetto
Green briar
Seaside goldenrod
Pond cypress
Sparkleberry
Blueberry
Biueberry

Purple foxglove
Purple foxglove
Sand milkweed
Butterfly weed
Aster

Aster

Red basil
Butterfly pea
Butterfly pea
Spurge nettle

Rattlebox
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Table 46. Concluded.

Scientific name

Common name

Crotalaria purshii
Dendropogon usheoides
Desmodium laevigatum
Desmodium viridiflorum
Euphorbia corollata
Gaillardia aestivalis
Galactia erecta

Galactia yolubilis
Helianthemum arenicola
Heterotheca subaxillaris
Lespedeza stuevei
Lespedeza virginica
Liatris elegans

Liatris graminifolia
Lupinus diffusus
Oenothera humifusa
Penstemon australis
Phlox pilosa
Polygonella gracilis
Polygonella polygama
Pycnanthemum incanum
Salvia azurea

Schrankia microphylia
Siphonychia corymbosa
Solidago odoro
Stillingia sylvatica
Tephrosia florida
Tephrosia chrysophylla
Tetragonotheca helianthoides
Trilissa odoratissima
Vernonia angustifolia

Grass and Grass-like Plants

Andropogon tener
Aristida lanosa

Aristida purpurascens
Cyperus globulosus
Cyperus retrorsus
Danthonia sericea
Eragrostis refracta
Eragrostis spectabilis
Gymnopogon ambiguus
Panicum aciculare
Panicum angustifolium
Rhynchospora megalocarpa
Scleria triglomerata
Sorghastrum elliottii
Sporobolus junceus

Rattlebox
Spanish moss
Beggar’s ticks
Beggar’s ticks
Flowering spurge
Gaillardia

Milk pea

Milk pea

Rock rose
Golden aster
Lespedeza
Lespedeza
Blazing star
Blazing star
Sandhill lupine
Dune evening primrose
Beard tongue
Phlox

Slender jointweed
October-flower
Whitish basil
Blue sage
Sensitive briar
Whitlow-wort
Goldenrod
Queen’s delight
Hoary pea

Hoary pea
False sunflower

Deer tongue
Narrow-leaf ironweed

Three-awn grass
Umbrella sedge
Umbrella sedge
Oat grass

Love grass
Love grass
Windmill grass
Panic grass
Panic grass
Beak rush

Nut rush
Indian grass
Dropseed grass




ANIMAL LIFE
By Patrick E. O’Neil

Alabama has a great diversity of animal
species within its boundaries. This includes a
majority of terrestrial and freshwater species
characteristic of temperate, Eastern United
States, along with subtropical species occur-
ring in the lower coastal plain. In addition,
there is a great variety of salt and brackish
water animals found in the states’ coastal
waters,

For many years, the marine and estu-
arine faunas of Alabama were poorly known
except for species of economic importance.
This situation began to change in the 1950’s
when the Gulf Coast Research Laboratory at
Ocean Springs, Mississippi, conducted studies
in Alabama waters. With the development of
the Marine Resources Laboratory of the
Alabama Department of Conservation, the
Marine Sciences Institute of the University of
Alabama, and the Dauphin Island Sea Lab,
active programs to study the State’s marine
and estuarine resources were developed. These
organizations have added considerably to our
knowledge of the area.

PROTOZOA

The first detailed studies of coastal
Alabama Protozoa examined species of
the order Foraminiferida. Phleger (1954)
surveyed the foraminiferans of Mississippi
Sound in Alabama and the Gulf of Mexico off
the coast of Dauphin Island (Figure 69). In
Mississippi Sound, the variety of species was
very limited, with the genus Ammobaculites
comprising from 80% to over 90% of the in-
dividuals within samples. However, at the exit
of Petit Bois Pass, the fauna was more diverse
with the species assemblage resembling that of
the open gulf (Phleger 1954). Samples taken
off the coast of Dauphin Island out to the
18-m (60-ft) contour contained a great variety
of species. Among the more abundant were
Ammobaculites sp., Cibicidina strattoni, Dis-

corbis sp. cf. columbiensis, Nonionella atlan-
taca, and Ammonia beccarii.

Anderson (1968) conducted a survey of
coastal Alabama Foraminiferida based on
samples collected at 36 different stations at
depths of 3 m (10 ft) or less (Figure 69). The
greatest diversity of foraminiferan species was
found in Mississippi Sound and the open gulf
(Table 47). Elphidium gunteri and Ammonia
beccarii tolerated conditions of fluctuating
salinity with Ammonia beccarii apparently
able to withstand somewhat lower salinities.
Ammobaculites salsus and Miliammina fusca
characterized low salinity waters. Hanzawaia
concentrica was characteristic of more stable
higher salinity waters.

Anderson’s study, when compared with
that of Phleger, shows that there was a
significant change in the population of
Foraminiferida in the eastern end of Missis-
sippi Sound. Lamb (1972) in a study of the
Foraminiferida of Mobile Bay from 33
samples stations (Figure 70) attributed this to
changes in salinity possibly associated with
manmade modifications of the environment.
Where Phleger (1954) reported that Ammo-
baculites comprised more than 90% of the
foraminiferan population in Mississippi
Sound, Anderson (1968) found that Elphi-
dium gunteri comprised 46% of the popula-
tion and Ammonia beccarii, 41% (Table 47).
The latter two species were usually associated
with greater salinity. Lamb (1972) felt that
construction of the bridge system from Cedar
Point to Dauphin Island (finished 1955)
reduced the flow of fresh water from Mobile
Bay into the sound resulting in increased
salinity. The increased abundance of the
oyster drill (Thais), which prefers higher
salinity water, in Portersville Bay and the
accompanying decline of oysters further
substantiates this conclusion. Another con-
tributing factor to the increased salinity,
which Lamb failed to consider is the widening
of Petit Bois Pass due to the erosion of the
eastern end of Petit Bois Island. As a result,
more high-saline gulf waters enter the sound
with incoming tides.
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Figure 69. Foraminiferida collecting stations in Mississippi Sound, Mobile Bay, and
the surrounding Gulf of Mexico, Alabama (modified from Phleger 1954 and Anderson 1968).
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Table 47. Percent relative abundance of Foraminiferida in Alabama waters
(modified from Anderson 1968 in Chermock 1974).

Mississippi Gulf Beach Heron West Shore
Species Sound Dauphin Island Bay Mobile Bay

Elphidium gunteri 46 37 16 31
Elphidium poeyanum 1

Elphidium incertum mexicanum 3 11 5 3
Elphidium discoidale 1

Elphidium spp. 1

Ammonia beccarii 41 25 33 41
Ammobaculites salsus 3 33 10
Miliammina fusca 1 13 15
Nonionella atlantica 1 2

Nonionella opima 1

Quinqueloculina poeyana 1

Quinqueloculina semimulum 2

Triloculina trigonula 1

Triloculina sidebottomi 1

Hanzawaia concentrica 13

Cibicidina strattoni 5

Discorbis concinnus 2

Guttulina australis 2

2A--Mississippi Sound, B-Gulf Beach Dauphin Island, C--Heron Bay, D--West Shore Mobile Bay.
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Figure 70. Foraminiferida sampling stations in Mobile Bay, Alabama (Lamb 1972).
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Lamb (1972) found a correlation be-
tween salinity and foraminiferan species
distribution within Mobile Bay (Figures 71
and 72; Table 48). Elphidium gunteri and
Ammonia beccarii occurred in close associa-
tion, were found with other calcareous species
and were most abundant in the lower bay
where salinities were greatest. Two areaceous
species were restri