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PREFACE

The importance of the Mobile estuary to the local
population. the region and the nation is not question-
ed by many. In fact, the area and its resources have
been in such demand that conflict between various
user groups has developed and is becoming more
severe. Various planning efforts seeking rational
evaluation and regulation for land and water uses
have been or are underway. The goals are, in part, to
identify areas for preservation, areas for possible
future development and the restrictions needed on
some activities in order to maintain the quality of
life. The factors that go inte the evaluation must be
well understood so that the cost of the alternatives,
both to the environment and to the economy can be
presented to the loeal publie - the proper judge for
these endeavors.

The Symposium on the Natural Resources of the
Mobile Estuary was conceived as a vehicle to help
make the natural resource information available to
the general public and to various agencies. This
volume has been edited by Harold A. Loyacanoand
J. Paul Smith. Hopefully, the information presented
in this series of papers will be used to manage the
natural rescurces, and to identify areas that require
more detailed study. The ultimate goal is to use
proceedings of this symposium to make the Mobile
estuary an exception to the evaluation by Handler
(1970 “. . . in most of the world, environmental
biology has not yet passed thestage of inventory and
survey, and is far from ready to grapple with the
galloping degradation of the human habitat.”

Wolf-Dieter N. Busch

"Handler, P., ed. 1970, Biclogy and the future of man. Oxford
Univ, Press, New Yori. 936 p.
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INTRODUCTION

HAROLD A. LOYACANO, JR. AND WOLF-DIETER N, BUSCH!
U.S. FISH AND WILDLIFE SERVICE
NSTL STATION, MISSISSIPPI 39529

PHYSICAL

Mobile Bay is approximately 50 km (31 miles)
long with a width of up to 38 km (24 miles) (Fig.
1). The highways, U.S. 90 (Bauleship Causeway)
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Figure 1. Mobile Bay Watershed.

and 1-10 separate the Bay from the Mobile River
delta to the north. The Bay is bordered on the
west by industrial and urban arcas of Mobile and
the industrial area of Theodore and various rural
communities; on the east by residential and {arm-

Lpresent address: US. Fish and Wildlife Service, 100 Chestout
Street, Room 310, Harrisburg, Pennsylvania 17101,

ing communities of Daphne and Fairhope; on the
southwest by Mississippi Sound and on the south
by Dauphin Island, Fort Morgan Peninsula and the
Gulf of Mexico, The surface area of this estuary is
approximately 1,070 km? (413 square miles).

Mobile Bay receives freshwater intlow from
several sources, but 95% comes through the Mobile
River System, which carries the combined flows of
the Alabama and Tombighee Rivers (Fig. 2). The
average discharge of the system into the Bay is ap-
proximately 1,730 m?* sec”? (62,500 feet? sec’!),
The outllow of Bay water occurs at two passes.
Approximately 15% of the Bay's discharge flows
into Mississippi Svund through the pass located be-
tween Dauphin Istand and Cedar Point. The re-
maining 83% flows directly inio the Gulf of
Mexico through the pass located between Dauphin
Istand and Fort Morgan Peninsula (Schroeder
1977).

The major portion of the Bay (590 km® ) has
water depths ranging between 1.8 and 5.0 m (6 and
10 fect), Located primarily in the northern portion
and around the Bay's periphery are approximately
246 km? (95.3 square miles) with depths less than
1.8 m (6 feet). The remaining 206 km*® (79.7 square
miles} have depths ranging between 3 m (10 feet)
to over 9 m (30 feet) (Crance 1971).

Mobile Bay has gently sloping bottom contours
with only minor natural irregularities. However,
the disposal of dredged marterial in open water
adjacent to the main ship channel {north-south)
has altered the Bay’s bottom contours. Bathymetric
readings show that spoil banks have been created
on both sides of the channel with the greatest relief
on the west side ranging from an average of 0.6 m
(2 feet) at midbay to 1.5 m (5 feet) in the northern
section of the Bay. The water depth over these
spoil banks ranges from 1.8 m at midbay tc gen-
erally fess than 0.6 m in the northern section where
spoil mounds protrude above the water in various

areas.
The overall circulation patterns within the Bay

are controlied by river discharges, tides, winds and
the bathymetric and geomorphic characteristics of
the Bay. However, numerous studies have shown
that alterations in the bottom contours caused by
spoil disposal have modified and restricted water
circulation patterns. Austin (1954) noted that spoil
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banks along the western side of the ship channel
presented a physical barrier to the flow of bottom
waters. Loesch (1960) made the same vbservation
and both he and McPhearson (1970) showed that
salinity stratification was more pronounced on the
cast side of the channel, indicating that the inflow
of saline water from the Gulf of Mexico was
restricted from flowing into the western side of the
Bay. May (1973) cbserved that salinity stratifica-
tion and restricted water circulation have caused
depletion of oxygen in the bottom waters over
large portivns of the Bay during summer months,
During the summer of 1971, such an cvent killed
adult oysters and prevented spat setting on Point
Clear Reef (May 1972). In a study performed
almost 20 years after Austin’s study and after an
extensive accumulation of spoil material had oc-
curred in the northern section of the Bay, Story «t
al. (1974) found that spoil hanks in the northern
section were not only altering botom water circula-
tion patterns, but were alfecting surface circulation,
They found that the spoil banks contained the
freshwater flow fram the Mobile River and pre-
vented this flow from leaving the dredged channel
for a distance of about 10 km (6 miles) south ot
the river’s mouth. However, once leaving the chan-
nel, the flow proceeded along the western shore of
the Bay as previous studics have indicated.

Water quality in the Bay is further stressed by
the discharge of more than 121,000 ki (32 million
gallons) of treated waste water per day from 19
municipal plants and 492,000 kl (130 million gal-
lons) per day from industrial discharges. These dis-
charges arc in addition to pon-pomt sources and
miscellancous point discharges such as sanitary
wastes, cooling waters, and boiler blowdown.

BIOLOGICAL

Muhile Bay below Battleship Causeway contains
only scattered arcas of tidal marsh. The major areas
are Jocated in the tributaries, such as Dog and Fowl
Rivers, and along the southcastern shore of the
Bay. Chermock (1974) calculated that the Bay
contained 1,160 ha (2,867 acres) of tidal marsh.
The predominant marsh plants include smooth
cordgrass (Spartina alterniflora), needlerush (Jun-
cus roemerianus), giant cordgrass (Spartina cy-
nosuroides), saltmarsh hay (Spertina patens), and
roseau (Phragmites communis). Little information
is available on the distribution of submerged vegeta-
tion in Mobile Bay. Baldwin (1957) estimated that
the Bay contained approximately 2,024 ha (5,000
a) of submerged vegetation, composed primarily of
bushy-pondweed {Najas guadalupensis) and eelgrass

(Vallisneria amcricana). The majority of the sub-
tidal vegetation is found in the northem portion of
the Bay.

Fishery resources within Mobile Bay consist of
numerous marine and freshwater species. Mujor
marine fish species that are dependent upon the
estuarine waters of Mobile Bay during some period
of their life and are of commercial importance in
Alabama include: scatrouts {Cynoscion nebulosus,
C. arcnarius), spot {{.efostomus xanthurus}), Atlan-
tic croaker (Micropogontas undulatus), striped mul-
let (Mugi! cephalus) and southern flounder (Para-
lichthys lcthostigma). Other important marine
fishes that inhabit the estuarine waters of AMobile
Bay and are utilized as forage by sport and com-
mercial fishes include bay anchovy (Jnchoa mitch-
i), Gulf menhaden (Brevoortia patronis) and
tidewater silverside (Menida berviima). In 1968,
the commercial fishes listed above contributed ap-
proximately §470,000 to the economy of AMobile
and Baldwin countics (Swingle 1971). In 1976, the
reported value of these same estuarine-dependent
specics had  increased  threefold $1,530,000
(U.S. Dept. of Commeree, National Marine Fisheries
Service 1977).

Major shellfish species that are dependent upon
the estuarine water of Mobile Bay and are of com-
mercial importance in Alabama include blue crab
(Callinectes sapidus), shrimps (Penacus spp.) and
oyster {Crassostrea virginica). Blue crab and shomps
occur throughout the estuarine waters of Alabama.
The major oyster reefs are in the southwestem por-
tion of Mobile Bay, primarily in the vicinity of
Cedar Point. Currently, there are approximately
1,200 ha (3,000 acres) of public oyster reels. Crab,
shrimp and oyster resources provided $8,700,000
to the economy of Alabama in 1968 (Swingle
1971). In 1976, these same resources reportedly
provided $31,800,000 to the siate’s economy
(U.S. Dept. of Commerce, National Marine Fisheries
Service 1977). Therefore, in 1976 the reported har-
vest of renewable natural resources in the form of
commercially valuable estuarinedependent  fish
and shellfish contributed approximuately
$33,100,000 to the local economies of Mobile and
Baldwin Counties,

Recreational fishing in the coastal water of Ala-
bama provides additional revenue to Mobile and
Baldwin Counties. In 1975, an estimated 308,045
recreational saltwater fishing trips occurring in
Alabama’s coastal water resulted m the expendi-
ture of an estimated $4,953,000 (Wade 1977}, Ap-
proximately 73% of the trips occurred within the
inshore waters of Mobile and Baldwin Counties.
Major inshore sportfish species include spotted and
sand seatrouts, red drum, Atlantic croaker, and
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striped mullet. ‘
p;\ 1964 sportfishing survey of the Mobile Delta

by Swingle et al. {1966) showed that extensive
sport fishing effort was placed on the lower section
of the deita, Boat fishermen accounted for 68% of
the fishing effort, bank fishermen represented 30%;
and wading fishermen 2%. Dominant freshwater
sportfish caught in the Mobile Delta Jr{cluded blue-
gill (Lepamis macrochirus), redear sunfish '(Lepom:s
microlophus) and largemouth bass (Micropterus
salmoides). The most commonly caught saltwater
species included spotted seatrout and muilet. A
recent sport fishing survey of the Delta area has
not been performed. However, fishing activity en
the Delta has undoubtedly increased since 1964.
Recent observations of fishermen along Battleship
Cawseway indicate the area is heavily fished and
ihe species most frequently caught are apparently
the same as in 1964,

Recreational shrimping is popular among Mobile
and Baldwin County residents. In 1972, Swingle et
al. (1976) determined that 30% of the people who
owned hoats less than 8 m {26 fee1) long owned a
5.m {16-foat) shrimp trawl. During 1972, 1973,
andd 1974 the harvest by recreational fishermen was
estimated to be between 15 and 25 percent of Ala-
Ixema’s teta inshare catch of shnmp. Recreational
trawling iy generally well distributed throughout
the Bay during the peak of the scason, but is con-

centrated in the lower Bay during the spring months

and in the upper Bay during the winter months,
Estimates of annuad monetary outlays ol sports-
moen [or equipment, supplics, lodging, cte. have been
phaced as high as 1 hillion dollars for the Mobile/
Baldwin County arca.

Some of the wildlile resources oceurrmg in the
constad wethnds ol Alabama and the Mohbile Bay
wrea wwclude: raccoon (Procyvan lotor), nuatria
(Myocastor covpus), rice rat (Oryzomys palustriy),
marsh rabbit {Syfvifugus palusivs), white pelican
ifelecanus ervthrorhynchus),  the  endungered
brown pelican (P, occrdentalis), and various species
ol wading birds and sea birds. Also found within
the project area are several species of reptiles and
anphiblins.

The coastal waters of Alabama, especially the
Maobile Delia, provide habitat for wintering watcr-
fowl. The most commonly occurnng ducks include
nuallard (ofnas platyriynchos), gadwall (Anas stre-
pora), pintail (Anas acuta), green-winged teal {Anas
crecea), American wigeon (Anas americana), can-
csback (Axthya valismena) and lesser scaup {Ay-
theve affinis). Wintering populations are generally
aoind 15.000 birds. Coots (Fulica americana) atso
Ip'uvily utilize the delta, with wintering popula-
tons around 30,000 birds (Beshears 1979 personal

commun.). In 1975, over 1,800 migratory %Jird
stamps were sold in Mobile and Baldwin Counites,

HISTORICAL

Since colonial time, Mobile Bay and the port at
Mobile have played important roles in the develop-
ment of the state of Alabama and have figured pro-
minently in the history of the United States. His-
toric records of Mobite Bay occurred from the
carly 16th century on charts of navigators who_
entered the Gulf of Mexico (U.8. Army Corps of
Engineers 1977). From its founding by Bienville in
1702 until Alabama entcred the Union in 1819
Mobile was under the rule of France, England and
Spain. During the War Between the States the
strategic locations of Fort Gaines and Fort Morgan
at the entrance to Mobile Bay and mines placed in
the Bay prevented Union ships from entering the
Bay and capturing Mobile until Aprl 1865, after
four years of siege (Delaney 1953).

From its beginning Mobile has served as an im-
portant port becausc of the safe harbor provided
by Mobile Bay and the major river system that con-
nects the port with the interior of the state. This
connection with the interior caused the port to
flourish during the era when cotton was *king,”
and in the 1850°s, the Port of Mobile was the second
ranking cotton port in the World {Delaney 1953},
‘Today it ranks as third largest port on the Gulf
Coast and in 1977, 35 million tans of cargo passed
through the port.

In order to accommodate growth of the port
and increases in the size of ships, the Mobile Estu-
ary has been meodified continually since the first
Federal improvement of the harbor was authorized
in 1826 (Weber 1968). Since that time the harbor
channels have been repeatedly enlarged and ex-
tended. The total length of the ship channels in
Mobile Bay is currently over 60 kilometers (40 mi).
The channel through the bar at the mouih of
Mobile Bay is 12.8 meters (42 fi} deep and 183
mcters (600 ft) wide, and through the Bay to the
mouth of Mobile River it is 12.2 meters {40 ft)
deep and 122 meters (400 ft) wide. In addition to
the major ship channels, small-craft harbors and en-
trance channels have been developed at six loca-
tions since 1925, Maintenance of the ship channel
has required dredging about every two years while
the smaller channels arc dredged every 3-5 years.
From 1960 to 1970 the average annual dredge
spoil from the Port of Mobile has been 5 million
m* (7 mil yd?).

The Mobile Estuary Symposium was planned in
order to bring together the physical/biological in-



formation that may affect the fish and wildlife re-
sources of this area. The data obtained from this
state-of-the-knowledge review were then used to
formulate management aliernatives, where possible,
and to identify critical data gaps. Listing of data
gaps may result in funding of key studies to gather
information useful for scientific management of
these natural resources.
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SEDIMENTATION IN MOBILE BAY

George M. Lamb
Department of Geology
University of South Afsbama
Mobile, Alabama 36688

ABSTRACT

Mobile Bay is the discharge point for a very
large river system. The Bay was formed as the last
of the Wisconsinan ice sheets melted and sea level
rose and covered the flood plain of the ancestral
river. Since that time, the Bay has been filling
with sediments from a variety of terranes, although
the rate of sedimentation has diminished through
time.

Although there has been an acceleration in the
rate that data on the various aspects of the Bay
are accumulating, there is still a dearth of knowl-
edge. Circulation within the Bay is of basic 1m-
portance to many studies, but is very incompletely
known, because of the complex variables involved.
The relationship between circulation and sediment
distribution is direct, so that as new data are col-
lected from one study, they are applicable to the
other,

Sediments within the Bay range from clean
sands to relatively pure clays, with various admix-
tures of sand, silt and clay covering much of the
area. The distribution of these sediments is an in-
dication of the average pattern of circulation, and
may provide valuable information about changes
with time.

Modemn methods of studying sediment dispersal
rely more and more heavily upon remate sensing.
This tool has not vet been thoroughly utilized in
the study of sediments in Mobile Bay.

GENERAL SETTING

Mobile Bay constitutes the primary depositional
basin for the sixth largest river system in the United
States. The rivers that discharge into the Bay drain
a watershed area of more than 111,370 km?
(43,000 square miles}) which includes more than
two-thirds of the state of Alabama, and portions of
neighboring Georgia and Mississippi. U.S. Army

Corps of Engineers data from the gauging station

on the Mobile River at Mount Vernon show a mean
discharge of 16,990 m® (60,000 cubic feet) per
second for the 25 years from 1940 through 1964.
This ranks the contributary river system as the

fourth largest in the United States in terms of dis-
charge. This flow is exceeded only by the Missis-
sippi, Columbia and Yukon. Unlike these other
rivers, however, this large volume of water is
funneled into a relatively small estuary, Mobile
Bay, creating a unique site for the study of the in-
teractions of a fluvial-estuarine system.

The rivers draining into Mobile Bay flow
through a variety of terrain and rock types (Fig. 1).
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PRINCIPAL AIVER SYSTEMS THAIMING
INTS MOBILE BAY

Figurc 1. Principal River Systems Draining into Mobile Bay,
Showing the Three Terrains in the Dvainage Basin: (1) Pied-
mont, with igneous and metamorphic rocks; (2) Plateau and
Valley & Ridge, with consolidated Paleozoic scdimentary
rocks; and (3) Coastal Plain with Cretaccous and Cenozoic
sedimentary rocks and waconsolidated sediments.

On the west, thc Tombigbee flows through the
sediments and sedimentary rocks of the Coastal
Plain, following the outcrop of the Selma Group
marls and chalks for much of its length. The prin-
ciple tributary of the Tombigbee, the Black War-
rior River, flows out the plateau area, generally
through the Paleozoic sandstones and shales that
make up the plateaus. The Alabama River is formed
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on the Coastal Plain by the confluence the Coosa
and the Tallapoosa rivers, both of which have their
headwaters in northwestern Georgia. The Coosa
drains the area of the folded Appalachians, flowing
largely down limestone valleys, between sandstone
ridges. The Tallapoosa River drainage is largely in
the older mectamorphic and igneous rocks of the
Piedmont, and brings a {ar diflerent suite of heavy
minerals into the Mobile basin,

The heavy mineral suite of the sediments in the
Alabama River consists Jargely of four minerals:
hornblende, ilmenite, garnet and kyanite, in order
of abundance, This is in some contrast to the heavy
mineral suite of the Tombigbee sediments, which
consists of ilmenite, kyanite, staurolite and leuxo-
cene, Possibly a more detailed study of the heavy
mincral suites of these principal rivers, and the
changes in heavy mincral percentages in the Bay
sediments, us seen with depth, could afford some
idea of the history of the drainage into Mobile
Bay. Certainly there have heen profound changes
in the depositiond regime during the past few
thousand years, and even within the Just century.,

The longer term changes reflect the mcliing
of the Wisconsin ice sheet, and the rige n sea level

that accompanicd that melting. Mohile Bay itsell
wias tormed as sea level rose and covered the {lood
plain of the ancestral Mobile River. Carlston {1950,
1. 1128) points out that, “Opposite the month of
the Bay and the western tip of Mohile Point is g
submerged arcuate delie, which has a base about
ten miles wide and extends (our miles out into
the Gulf. Becanse the top ol this submerged delta
s also about ten to eleven Teet below mean Jow
watter, it s evident that it is a delta of the Mobile
River and ol the sume age as the submerged valley
ol the river,

These features indicate thuat the most recent
event in the Pleistocene history of coastal Alabama
wus the submergence up to the present sea level of
« viver valley and delta formed during post-Wiscon.
sin time, This recent rise in sca level was ten (o
cleven leet.” This eleven-foot rise, used by Carlston,
15 only the Litest in a whole series of Post-Wisconsin
sea Jevel rises. Poag (1973) reviews the data for late
Quaternary sea levels in the Gulf of Mexico. He
also points out that the present knowledge of these
tluctuations is considered madequate,

The sedimentation which formed the present-
dav Mobile delta accompanied this rise in sea level,
and represents the infilling of 4 much longer bay
thar extended essentially 1o the present location
of Mt. Vemon, Alabama, This infilling of the Bay
Is proceeding still but probably at a greatly reduced

rate. The rate would gradually begin to decrease as
S¢a level rose, and the original Bay began to fill.

Two sets of events brought about by human activity
in much more recent time have had a profound ef-
{ect on bay sedimentation.

The first of the human factors was the intro-
duction of agriculiure on a large scale by Furopcan
settlers. As they cleared away the forest and plowed
the land, there wag undoubtedly a marked increase
in the runoff and erosion rates, and consequently
in the amount of sediment being supplied 1o the
Bay. However, in the present century there has
been a trend toward less extensive {arming, with
much more 6f the lund being in forests and pastwre
throughout the drainage basin., Although there are
not the dats 1o prove a reduction in the rate of
sedimentation, it is logical to conclude that such a
reduction has taken place.

An even more complete reduction in the
amount of sediment being carried by the rivers has
been brought about by the construction of dams
along all of the major streams of the Mobile River
system. There are over twenty dams on these
streams now, with maore planned. Each of these
dams acts as a sediment trap. Since the southern-
most of these dams are at Claiborne on the Alubama
River, und Colfceville on the Tombigbee, the aren
still actively supplying sediment to Mobile Bay has
been reduced to 4 minute fraction of the drainage
hasin. '

Other human activity, such as dredging and
filling within the Bay has tended to rewrmange the
sediment distributjon, and drastically afleets some
local areus of the Bay, but docs not greatly change
the overall sediment budget.

SEDIMENTATION

Previous Work

Before 1969, Jivde had been published on the
sediments of Mobile Bay. Certainly there had been
no comprehensive study, In 1969, John Ryan pub-
lished a paper entitled A Sedimentologic Study
ol Mobile Bay, Alabama,”" in which he summarized
the results of the most extensive and comprehen.
sive study yet undertaken in the Bay itself. Tle
took a total of 310 grab samples, using the upper
58 c¢m (2 0r3 inches) of sediment to produce the
data and maps illustrating the distribution of sed;.
ments within the Bay and surrounding areas. Since
that time, other studics have produced additiona]
data on scdiment transportation and deposition
within the Bay, The most complete of these is en.
titled, “Shereline and Bathymetric Changes in the
Coastal Area of Alahama: A Remote-Sensing Ap.-




R AT B A e L

proach,” and was prepared by the Geological
Survey of Alabama for the Alabama Development
Office and the Alabama Coastal Area Board. Cer-
tainly, within the last decade more has been written
concerning Mobile Bay, from the sedimentologic
standpoint, than had been written in all previous
times, and studies are continuing at an ever-increas-
ing rate. The acceleration of interest has accom-
panied the growth in awareness of the value of the
estuarine environment, and the understanding of
the necessity of managing that environment for the
greatest public benefit.

Studies of other factors closely related to sedi-
mentation, such as circulation within the Bay, have
also been undertaken at an accelerated rate, and
will be invaluable to a more complete understand-
ing of the ever-changing sedimentologic environ-
ment,

Circulation

The water currents that produce the citculation
within the Bay are directly related to the sediment
distribution. The direction and velocity of the cur-
rents determine the areas that are eroded, the
transportation of the various sizes of sediment, and
the sites of deposition of the various sizes and types
of sediment. If the circulation were simple, then
the distribution of the sediment could not only be
easily understood, but could be predicted. How-
ever, the circulation patterns within the Bay are
not simple, and while there are general circulation
patterns, the details are most complex. There are
several variables that affect the circulation, and
these variables have wide ranges, in some cases al-
most infinitely wide ranges. Austin (1953, p. 35)
surnmed this up nicely in his study of the circulation
of Mobile Bay. “The circulation of any water body
is probably the most important feature in the ex-
planation of mixing and flushing for that water
mass. At the same time it is certainly the most dif-
ficult feature to explain satisfactorily for any water
body, partially enclosed in an irregular basin and
complicated by many various and sundry natural
effects. River flow, tides, wind, topography, den-
sity differences, evaporation, depth, bottom rough-
ness, internal waves, and surges are but a few of the
variables entering into the explanation of the cir-
culation in an estuary.”

Lawing et al. {1975} pointed out that *“‘the sur-
face water in Mobile Bay exhibits a net counter-
clockwise movement due to the interaction of the
flood tides entering the Bay from Mississippi Sound
and the Gulf of Mexico with the freshwater inflow
entering from the Mobile River system. These con-

ditions combined with the natural Coriolis effects,
which influence currents in large estuaries, accentu-
ate the movement of water flowing down the Bay
in the direction of and along the western shore,
where it returns to the Gulf and Mississippi Sound.”
Hill and April (1974) showed somewhat different
results from their study of a hydrodynamic and
salinity modei for Mobile Bay. Their model, quite
naturally, was somewhat idealized, and while it
presents the general flow characteristics, did not
show the almost infinite vanations that are pos-
sible. Certainly the simplified flow that their
model showed does not fit the pattern of sediment
distribution shown by Ryan {1969, Fig. 17, p. 82).

Austin (1953) showed a much more complicated
flow pattern, especially with the flood tide (Fig.

STREAMLINES DF VELDCITY
FLOOD TIDE SURFACE CURRENTS
(After Austin, 1933)
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Figure 2. Strcamlines of Velocity —Flood Tide Surface Cur-
rents. As shown by Austin (1953} for tides in October,

1952,

that he showed in this circulation pattern more
closely correspond to the sediment distributlio.n.
Although Austin did show some of the complexities
of the circulation, he realized that his study was
only a beginning. In the first place, the study was




conducted during a time of abnormally low stream
flow (Austin, 1953, p. 14), and secondly, the short
time period of the study produced only meager
data (Austin, 1953, p. 49}, To get a realistic picture
of the circulation would take a study over many
years, with both normal and abnormal weather
conditions, and through all of the changing seasons.

As previously mentijoned, studies of the circula-
tion within the Bay are continuing. Hill and April,
the Corps of Engineers and the personnel of the
Dauphin Island Sea Lab are currently working on
various aspects of the circulation patterns, and a
great deal of data have been collected that are not
yet generally available,

Sediment Distribution

Sediments in Mobile Bay include all sizes of
clastic material from relatively clean sand to rela-
tively pure clay, plus various admixtures of sand,
silt and clay. This distribution, as mapped by Ryan
(1969, p. 82), is shown in Figure 3. In this figure

SEDIMENT OCISTRIBUTION IN MOBILE BAY
{AFTER RYAN, 1969

o 6 miles
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Figure 3. Sediment Distribution in Mobile Bay, Modified
from a Map by Ryan (1969).
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the admixtures are shown generally with silty sand
being shown as more sand and less silt, etc. The
sand in the upper reaches of the Bay, and around
the periphery, is indicative of the relatively strong
currents and shallow waters in those areas. The
large areas of clay deposition show low encrgy
areas, and would generally confirm the presence of
eddy currents that cause these areas to be bypassed
by the general sediment flow, The areas of mixed
sediment sizes are taken to be areas in which the
currents are variable, with the coarser sediment
admixtures indicating stronger currents in those
portions of the Bay. Since the circulation within
the Bay is so variable, and the sediment distribu-
tion directly dependent upon the circulation, the
sediment distribution will give a more complete
picture of the average circulation over long periods
than any other method of short-term sampling. It
would not, of course, illustrate the range of varia-
tions, or deviation from the average. Preliminary
data, from samples collected in May 1979 (Isphord-
ing and Lamb, unpublished data) indicate a sig-
nificantly larger percentage of clay than Ryan
(1969) reported. As this difference became ap-
parent, core samples were taken to ascertain the
possiblity of this reflecting a change in sedimenta-
tion over the intervening years, When samples from
the top and bottom of a 0.5 meter core showed no
change in grain size, another explanation was
sought. At this time, the most plausible is that the
difference reflects the different techniques used.
Ryan (1969, p. 42} used Coulter Counter analysis
for the finer sediments. As pointed out by Behrens
(1978, p. 1215}, “pipette mcans arc finer than
Coulter Counter means, and the finer the size, the
greater the difference.” It is predicted that the
areas shown as clay will be expanded on fature
maps.

The pattern of sediment distribution, shown in
Figure 3, closely parallels the pattern of distribu-
tion of the benthic molluscs as shown by Chermock
et al. (1974, p. 109). Here, as in the sediment dis-
tribution map, there is a strong NE-SW trend across
the middle of the Bay, reinforcing the evidence for
a counterclockwise eddy flow in the lower part of
the Bay.

Both Ryan (1969) and Hardin et al. (1975)
presented bathymetric evidence which shows that
the rate of sediment accumulation in the Bay is
averaging approximately 0.5 meters (1.6 feet) per
century, Hardin et al. divided the Bay into an

upper and lower portion and showed that the rate

of sediment accumulation in the two areas was dif-
ferent. They cite the rate of filling for the upper
Bay as being 0.58 meters (1.9 feet)/100 years be-
tween 1852 and 1920, and showed that this rate




has decrcased to 0.30 meters (1 foot)/100 years
between 1920 and 1973. In the lower Bay the
rate of filling was 0.41 meters (1.3 feet)/100 years
in the period from 1852 to 1920, and increased to
0.71 meters (2.3 feet)/100 years in the period from
1920 to 1973. The change may have resulted from
diminished amounts of sediment being brought
into the upper bay from the rivers, and some of the
upper Bay sediment being redistributed by currents,
and finally deposited in the lower Bay area,

With the development of more sophisticated re-
mote sensing techniques, their use in studying the
circulation and sedimentation within the Bay
looms as a distinct possibility for future studies.
Atwell and Thomann (1973) collected data that
allowed a comparison of remote and conventional
measurements of temperature, salinity and chloro-
phyll content of the water of Mississippi Sound.
Although the agreement was not perfect, their
analysis indicated that such measurements by
remote-sensing methods are a real possibility,
Moore (1978) discussed some of the problems in
satellite surveillance of water bodies and the use

of turbidity as an index of stream flow and other
currents in circulation and sedimentation. Coker
et al. (1978) offered the possibility of the use of
multispectral imagery in measuring the amount
and type of material in suspension in turbid
waters.

The Landsat-1 imagery used by Hardin et al.
(1975, p. 138-148) pointed out a major problem
in the use of remote sensing techniques. No two
of the eleven photographs that were used showed
the same pattern of currents and suspended sedi-
ment. Vast amounts of data would have to be
taken from the interpretation and sediment move-
ment. As an example, Figure 4 shows a large
amount of sediment in suspension in the lower
portion of the Bay, with some sediment moving
south from the northeast and northwest quadrants
of the Bay. Figure 5 is a computer-enhanced density
slice of the same image, which divides the image
into eight classes of tonal quality, facilitating a
more quantitative interpretation. These images
represent the conditions in the Bay only at the
time they were taken. Later in the same day, con-

Figure 4. Landsat 1 Photograph, Enhanced to Show Color
Contrast in Suspended Sediment in Mobile Bay, 17 Novem-
ber 1973,
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Figure 5. Computer Enhancement, Density Slice of the
Same Landsat I Photograph Used in Figure 4,

ditions of wind, tide, river flow, etc., would pre-
sent a completely different situation, The number
of images, and the data to be taken therefrom
would be prohibitively large at the current level of
technology and knowledge. The possibilities for
the use of more remote sensing in the future are
real, however,

SUMMARY AND CONCLUSIONS

Ryan (1969) presented the first comprehensive
map of sediment distribution in Mobile Bay. There
are currently few additional data to show whether
this has changed within the last decade. Such a
study would be useful in providing data for an
understanding of the dynamics of the Bay environ-
ment. Studies of circulation and currents within
the Bay are basic to this understanding, and are
presently proceeding at an accelerated pace. As
these data become available, they will supplement
the surface sediment distribution data to show pre-
sent conditions, A study of sediment changes with

depth would be necessary to evaluate changcs
through a longer time period, and such a studY
could be uscd to ascertain the sedlmentologlcal
setting before the advent of man and his various’
influences on inflow into the Bay.

Although there are some data on the geochemis-’
try of the Bay sediments now being collected, most

of the data are confined to rather small areas,

From the standpoint of knowing the fate of some’
of the more exotic chemical clements which are
being introduced into the Bay, a study of the geo-
chemistry of the Bay sediments should be under-
taken. In such a study, the affinity of these exotic
elements for various types and sizes of sediments
should be examined in detail, and changes in the
abundance of such material at depth within a core
sample would give a historical background to build
upon.
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MINERALOGY AND CHEMISTRY OF MOBILE BAY SEDIMENTS

Wayne C. Isphording, Department of Geology-Geography,
University of South Alabama, Mobile, Alabama 36688

and

Robert F. Elliot, Jr., Texas Instruments Corp., Dallas, Texas 75222

ABSTRACT

Samples from 10 bottom cores obtained in the
southwestern area of Mobile Bay were analyzed for
particle size distribution, clay mineralogy, and
major clement and trace element chemistry. Pearson
correlation coefficients were calculated to deter-
mine the degree of apparent inter-relationship be-
tween each of the mineralogical and textural vari-
ables versus the individual chemical elements, Mul-
tiple regression analysis was also used to calculate
partial regression coefficients for the purpase of
deriving equations that can be used to predict trace
metal abundances using only textural and mincral-
ogical data. Four successful equations resulted that
permitted prediction of copper, lead, vanadium,
and zinc in the bottom sediments of the study area.

INTRODUCTION

Mobile Bay is the primary depositional basin
for the sixth largest river system in the United
States. The rivers that discharge into the Bay drain
a watershed of more than 110,000 km? (43,000
square miles), which includes over two-thirds of
the State of Alabama, and portions of neighboring
Georgia and Mississippi, as well. The mean discharge
of some 2,000 m?/sec (72,000 cubic feet/second)
(Crance 1971) ranks the contributary river system
as the fourth largest in the United States, in terms
of discharge, exceeded only by the Mississippi,
Columbia, and Yukon (Ryan 1969). Unlike these
other nver systems, however, this Jarge volume of
water is funneled into a relatively small estuary
(Mobile Bay) where it annually contributes in ex-
cess of 7,250,000 mt (8,000,000 short ions) of
suspended sediment to the Bay,

In spite of the Bay’s uniquc setting, relatively
little work has yet been carried out to define the
mineralogy of the bottom scdiments and to inte-
grate this information with the mineral chemistry
of these sediments. Previous investigations have
been directed either toward textural and minera-
logical studies of the sediments {Ryan 1969) or
have involved trace metal studies of the water or
sediments themselves (Brannon et al. 1977, May
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1973). The purpose of this study was, therefore,
to collect data on the texture, mineralogy, major
element chemistry and trace element chemistry of
Bay sediments and to determine the degree of
mter-relationship among these variables,

LABORATORY ANALYSIS

A senies of 10 box core samples was acquired
from an area in the southwestern portion of the
Bay (Figure 1} and returned to the lab where sieve
and hydrometer analyses were carricd out 1o deter-
minc the size frequency distribution. The actual
sample locations were centered about the present
Mobil Oil Corporation test well, with two one-
guarter m box cores collected at each of five sites.
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Figurc 1. Map of Mobile Bay, Alabama Showing Location
of Study Arca.



Samples one and two were collected 300 m (1,640
fect) northeast of the drill site, samples three and
four, 500 m due north of the site, samples five and
six, 1,500 m {4,920 feet) due north of the site,
samples seven and eight, 1,500 m northwest of the
drilt site, and samples nine and ten, 1,500 m south-
cast of the test well. Xeray diffraction analyses
were run on the clay-size fraction (less than 4 mi-
cron) using & Philips X-ray Diffraction System
equipped with nickel-filtered, copper k-alpha radia-
tion. Estimates of mineral percentages were based
on the “half height”” peaks of cach of the constit-
uents corrected using a “‘mica [actor' procedure
developed by Lodding (unpublished, Rutgers Uni.
versity). The accuracy of this techmque has been
extensively tested by internal standard calibration
curves and shown to yield a precision of, plus or
minus, 10%, Whaole rack (ie., complete digestion)
chemical analyses were carricd out on the clay-size
fraction by fusing cach sample with lithtum retra.
borate and then analyzing for specific elements
using a Perkin-Flmer, Model 460, Atomic Absorp-
tion Spectrophatometer, Analyses for the individ-
nal clements were based on standard  Atomic
Absorption procedures recommended by the in-
strument manafacturer. A baseline for cach cle-
ment was obtained by zeroing the instrument with
a blank which was prepared by dissolving Hihiwm
tetriuborate in distilled and deionized water, A min-
imum ol ) readings was obtained tor each cle-

ment and the average of these was used in caleulat-
ing the elementaf ubundance,

RESULTS OF ANALYSES

Representative size frequency gradation curves
for samples used i this study are shown on Figure
2 and reflect the variability of sediment textures
found m the Bay, Textures range from almost
wholly sand-sized material down through line, silty
clays, and the texture of any one sample 15 largely
a function of where in the Bay sampling was per-
formed. Though Ryan’s (1969} map shows sceveral
large arcas for which the bottom sediments are
designated “clay™ and “siliy clay,”” detatled ex-
amination of his raw data revealed that the sedi-
ment textures within these areas were far from
homogencous. Some idea of the overall textural
variation observed within the Bay may be seen on
the ternary diagram (Figure 3}, which shows the
sand, silt, and clay percentages plotted for the 2156
Bay samples that were used in Ryan's study. It is
interesting to note that from a statistical stand-
point, and assuming that all the samples were col-
lected using a randomized sampling procedure, the
variability observed in the mean diamcter of the
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Figure 2, Cumulative Frequency (gradation) Curves of Bottom Sediments Collected in Study Area,
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Figure 3. Sand-Silt-Clay Ratios of 215 Bottom Sediments from Mohile Bay {data from Ryan, 1969).

215 samples suggests that approximately 450
samples would be necessary to allow the mean dia-
meter of any one sample collected in the Bay to be
estimated to an accuracy of, plus or minus, one-
half phi unit. Because less than half this number
were used in Ryan's study, care should be used in
the interpretation of his map and in drawing con-
clusions about sediment trends from the map.

Though no tendencies were observed for any
specific clay minerals to be associated with samples
containing different percentages of clay-, silt-, or
sand-sized material, there was an expected strong
tendency for certain metals to be found with
samples having a greater percentage of fine silt and
clay. The significance of this will be discussed in a
later section of this paper.
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Clay Mineral Analysis

The 10 samples were prepared for X-ray dif-
fraction analysis by sedimenting approximately 30
mg of clay-sized material on glass slides so as to
produce a thickness of between 0.07 and .12 mm.
This thickness has been found to produce mini-
mum background by X-ray scattering and to yicld
optimum diffraction pattems (Carroll 1969). Ad-
ditional slides were also prepared so that the effects
of heating and glycolation on the clay mineral
species could be observed.

The analyses revealed that the bottom sedi-
ments are relatively homogeneous throughout the
study area, with respect to mineral composition,
and consist, almost wholly, of montmorillonite,
kaolinite, and clay mica (illite). Though illite was



eported by Ryan (1969) as present in the Bay
ediments only in low concentrations, the mineral
vas found in each of our 10 samples in amounts
:xceeding 8% (Table 1). Other samples analyzed by
he authors, but not used in this study, indicated
‘hat the mineral may make up as much as 25% of
the clay mineral fraction. Halite and quartz were
also observed in some samples as were also trace
amounts of mixed layer clays.

The importance of the clay-sized fraction and
the individual clay mincral species, themselves, lies
in the fact that, with minor exception, these are
the “sumps” that concentrate and remove many
trace metals from solution. Most clay minerals
have a crystal lattice consisting of repeating units
of cither two-layer or threelayer sheets (Grim
1953). Kaolinite is a twolayer clay and is made
up of one sheet of silicon atoms tetrahedrally co-
ordinated with oxygen (the “‘tetrahedral layer™),
which is combined with a second sheet in which
aluminum is octahedrally coordinated with both
oxygen and hydroxylions (the “octahedral layer™).
Hydrogen bonds and residual Van der Waals bonds
between these repeating two-layer units hold the
adjucent two-layer groups together and form a
lattice characterized by a minimum of atomic
substitution and, consequently, low cation ex-
change capacity of approximately 3 to 15 meq/
100 ¢ Montmorillonite and clay mica (illite}, in
cantrast, are three-dayer clays having two tetrahedral
layers sandwiched about one octahedyal sheet, In
both of these minerals, some of the silicon atoms
in the tetrahedral fayer are replaced by aluminum
and, similarly, aluminum in the octahedral layer
can be replaced by @ number of different ions,
such as dron, zine, nickel, lithium, magnesium, etc.

As a consequence of this substitation, the chemi-
cal neutrality of montmorillonite is disrupted,
resulting in unbalanced charges on the three-layer
sheet that are, in part, balunced off Ly the acquisi-
tion of ions such as calcium and sodium in inter-
layer exchangeable ion sites. This provides mont-
merillonite with an cxtremely high cation exchange
potential and values of 80 to 150 meq/100 g are
commonly reported. Somewhat less substitution
takes place in the octahedral and tetrahedral sites
in the clay mica (illite) lattice and this, coupled
with the stronger honding of adjacent threc-layer
groups resulting from interdayer potassium ions,
forms a lattice that lacks the high cation exchange
of montmorillonite. Values of approximately 10
to 40 meq/100 g arc usually observed (Millot
1970). The range of cation cxchange capacities
{c.e.c.) from 40,7 10 49.8 obtained by Brannon et
al. (1977) foreight Mobile Bay clay samples would,
itself, suggest that the Bay sediments are domin-
ated by montmorillonite, but with other clay spe-
cies of lower exchange capacity also present. This
conclusion is, therefore, in excellent agreement
with the X-ray diffraction data presented in Table
1.

The combination of exchangeable ion sites,
Iattice defects, and broken-bond sites thus allows
clay minerals to attract a large number of trace
metal species and to remove these from solution.
In addition, many other metals ussociated with the
clay mineral fraction either adhere to the surface
of the clay particles in the form of vrgano-metallic
chelated compounds (Knezevic and Chen 1977) or
are trapped at the time of deposition in pore waters
between the clay mineral platelets. The environ-
mental importance of metals partitioned in these

Table L. Relative Mincral Percentages [or Mohile Bay Samples as Determined by X-ray Diffraction Analysis [or

Glay sized Fraction {-0.004 mm).

Sample

Number MONTMORILLONITE ILLITE KAOLINITE QUARTZ HALITE

; 56 13 22 1 8

2 3! 13 23 2 5

3 52 10 20 1 17

4 42 8 15 1 34

5% 12 19 1 14

fi 54 14 20 Tr 32

7 43 10 16 1 30

8 40 11 15 1 32

Y 52 9 17 1 21

10 61 12 19 1 8
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various forms lies in the fact that not only do the
clay minerals remove metals from soluticn but, in
many cases, retain these jons in a manner such that
subsequent release back into solution is also pos-
sible {Lee and Plumb 1974, Wakeman 1976, Lu
and Chen 1977). A number of {actors have heen
identified that may trigger such re-mobilization of
the trace metals. Among these are dredging opera-
tions, which cause rclease by disruption of Eh
(oxidation-reduction conditions}, burial of the sed-
iments, which squeezes out the pore waters, and a
number of forms of biclogical activity. Thus, de-
tailed environmental studies should contain in-
formation not only on the metal content of the
water column, but also on those mctals present in
the form of adsorbed ions on clay mineral platelets,
in exchangeable ion sites in the clays and as struc-
turally coordinated ions within the clay mineral
lattice itself (Brannon et al, 1977),

Chemical Analyses

A summary of the major element chemistry for
the samples analyzed in this study is shown in
Table 2. The abundances of the major ¢lements,
expressed as oxidcs, are consistent with the minerals
observed on the X.ray diffractograms, except that
no minerals were present that would account for
the *‘excess’’ iron and titanium found. To account
for these, the oxide analyses werc submitted to a
computcrized sedimentary normative mineral

analysis routine (Isphording and Kibler, manu-
script in preparation) which “partitions” the ox-
ides into a series of standard normative minerals
and calculates the percentages of these minerals
that would be consistent with the chemical analyses.
All minerals observed on the diffractograms were
calculated to be present in approximately the
abundances observed but, in addition, two other
minerals, rutile {Ti0, )} and limonite (HFeO, ), not
found on the diffractograms, were also predictec
to be present. Limonite was calculated present in
amounts of approximately 4% and rutile at seme-
what less than 1%. Because X-ray diffraction analy-
sis will generally not detect a mineral whase pre-
sence is less than 1%, neither of these minerals
would be expected to appear on the diffractograms.
Because thc bottom sediments characteristically
display a large negative Eh, the excess iron, rather
than occurring in the form of the oxidized mineral
limonite, probably exists largely in the ferrous
state, either in the form of a fine-grained dissemin-
ated sulfide phase or as a constituent of the mineral
ilmenite (FeTiO, ). The latter is the most abundant
heavy mincral species present in most central Gulf
Coast sediments and frequently makes up 50%, or
more, of the heavy mineral fraction (Isphording
and Flowers 1979). Heavy minerals (*‘black sands"’)
are those minerals present in the sand-sized frac-
tion in trace amounts {usually less thun 1%} whose
specific gravities exceed 2.85. The presence of this
mineral would also account for the ““excess” titan-
ium ebserved in the sample analyses.

Table 2. Major Oxides (%) of Clay-sized Fraction of Mobile Bay Bottom Sediments.

Sample No. 8i0, ALO, Fe O, MgO Ca0 Na,0 Kz() Tio, Hzt}'* H20+‘*
1 50,23 20.55 6.85 1.49 1.08 0.48 1.52 .57 3.78 12.95
2 48.15 22.52 6.99 1.50 0.72 0.41 1.46 0.45 4.01 12.40
3 50.68 21,65 6.81 1.49 1.14 0.50 1.48 0.47 5.14 12.28
4 52.92 19.32 6.75 1.50 1.44 0.47 1.46 0.45 3.86 1i.88
B 47.51 21.28 6.55 1.52 0.48 0.46 1.42 0.42 5.16 12.15
6 4592 20.43 7.21 1.49 6.54 .44 1.46 0.45 5.15 11.72
7 46.20 22.19 7.59 1.53 .60 0.38 1.39 0.4% 5.69 12.20
B 48.00 20.01 1.32 1.52 0.60 0.56 1.42 0.44 4.56 11.61
9 46.96 17.70 7.12 1,52 1.26 0.82 1.38 0.50 428 12.31

10 4925 18.42 7.59 1.41 1.26 0.55 1.37 0.50 3.25 12.08

* L.0.1 {Loss on ignition) @ 100°C (1 hour)
**[,0.1. @ 1,060°C {1 hour)
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Trace elements in the clay-sized fraction (Table
3) were found in similar abundances as those re-
ported in other studies dealing with Mobile Bay.
Zinc was present in amounts averaging 101 ppm
whereas samples collected near our sites by May
(1973) were reported to contain 92 ppm. Similarly,
manganese averaged 786 ppm in our 10 samples,
whereas Brannon et al. (1977) reported an average
of 837 ppm for surface samples collected in the
Arlington Ship Channel in northern Mobile Bay.
Chromium values in our 10 samples appear to be
anomalously high, however, at 250 ppm when
compared with the 50 ppm figure reported by May
{1973). The most likely explanatior for our higher
values is that: (1) May’s analyses were for the totat
sample (sand, silt, and clay fractions), whereas our
values are for the clay-sized fraction only and (2)
chromium, similar to a number of other heavy
metals, has a greater affinity for the clay-sized frac-
tion of sediments where it occurs in the octahedral
sites in various clay mineral species and attached to
the surface of the clay platelets as organo-metallic
chelated compounds. The same argument would
also cxplain the higher values of copper observed in
our samples,

STATISTICAL ANALYSIS

Pearson correlation coefficients were calculated
for cach of the trace metals versus the percentages

of the various clay mineral species present, the
gravel, sand, silt, clay abundances, the median dia-
meter and the organic content of the sediments
(Table 4). As expected, strong, positive correlations
were found between the heavy metals Cr, Cu, Pb,
Hg, Ni, Va, and Zn and the percentage of clay in
the samples. This is, in part, due to the ionic sub-
stitution of the metals for magnesium, aluminum,
and silicon in the clay mineral lattices and also re-
sults from the reaction of somc of the metals with
organic material, which is more abundant in fine
grained sediments (Krauskopf 1967). That a sig-
nificant percentage of these metals may be oc-
curring as metallic chelates attached to the clay
platelets is suggested by the lack of strong correla-
tion of these metals with any particular cay
mineral species and their modcrate to sirong cor-
relation with organic content. This supports the
earlier conclusion of Brannon et al. (1977), where,
in a carcful study of the site partitioning of metals
m bottom sediments {rom northern Mobile Bay,
sizeable percentages of copper (29-42%) and zinc
(38-72%) were identifiecd as occurring as or-
ganically-bound phases,

The lack of strong correlation of Ti, Mn, Ba,
and Sr with the clevated clay contents can be
explained by the fact that titanium is not a com-
mon constituent in clay minerals and is more likely
to be found in the form of an oxide mineral such
as rutile, ilmenite, or leucoxene, occurring in the
sand fraction. Manganese, similarly, occurs in the

Table 3. Trace Elements (ppm) of Claysized Fraction of Mohile Bay Bottom Sediments.

Sample No, Mn Cu Ba* Zn Ph* Hg* Ni* Se* Cr Ve
| 768 95 6 110 15 .24 3 69 289 25
2 590 115 6 85 12 27 5 43 300 26
3 694 135 5 85 8 11 5 26 264 19
+ 752 a5 7{120 80 7111 194,26 4/14 28 281 12/12
5 519 70 12 10 15 .19 g 55 215 55
6 529 70 10 110 14 .23 7 64 260 64
7 564 70 10 30 16 .25 [ 23 265 23
8 715 105 ) 75 18 .28 7 26 240 26
9 1210 75 10 250 20 47 7 35 230 39

10 1522 80 16 60 19 .27 8 39 160 35

*Pariial extraction analyses carried out on entire sand-silt-clay sample.

Values shown after / represent amounts determined for complete dissolution of sample
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Tahle 4. Pearson Cormelation Coefficients for All Trace Elements Versus Percentage of Major Clay Minerals, Percentage of
Organics, Sand, Silt, and Clay and Median Diameter of Bottom Samples from Mobile Bay.

ILLITE KAQLINITE MONTMOR. ORGANICS GRAVEL SAND SILT CLAY DIAMETER

Ti() 0.1596 0.4020 0.4375 0.1625 -0.0765 -0.0520 0.1615 0.0166 -0.1005
MnQ, -0.2275 -0,1282 0.3294 0.6771 -0.042% -0.4073 0.5214 0.3879 -0.0938
Ba 0.1238 -0.2228 0.2883 0.6674 -0.2541 -0.6962 0.7624 0.6379 -0.4541
Cr 0.1391 -0.3349 0.0410 0.4930 -0.5494  -0.9024 0.85334 0.B928 -0.6615
Cu 0.1480 -0.2148 0,1746 0.7327 -0.6437  .0.9704 0.9451 0.9552 -0.7603
Pbh 0.1690 -0,1914 0.1406 0.7516 -0.6786 09765 0.9353  0.9693 -0.8216
Hg 0.0491 -0.040% 0.1674 0.5893 -0.5430 -0.7626 0.778% 0.7421 -0.6984
Ni 0.1691 -0.1989 0.2445 0.5144 -0.5327  -0.7639 0.7728 0.7442 -0.5158
Sr 0.7528 0.6502 0.6228 -0.1020 -0.02870 -0.1618 0.2597 0.1399% -0.4477
v 0.1620 -0.1213 6.2089 0.7021 -0.7316  -0.9420 0.9439 0.9275 -0.8056
Zn 0.2537 -0,2246 0.1213 0.5448 -0.6765  -0.9310 0.8788 0.9312

-0.7508

form of an oxide mineral and, in combination with
barium, may be present as an amorphous equivalent
of the mineral psilomelane, (Ba, H, O)Mn_ 0O, . Its
strong, positive correfation with tzhe organic con-
tent of the sediments, however, suggests that it is
likely occurring in the form of organically-bound,
metallic chelate compounds. The very low correla-
tion of strontium with the clay-sized fraction un-
doubtedly reflects the fact that strontium, when
present, has a strong tendency to substitute for
calcium in the lattice of carbonate minerals. Be-
cause no caleite, aragonite, or other carbonate
phases were observed on the X-ray diffractograms,
and because the strontium shown on Table 4 repre-
sents a partial extraction from the entire sample,
rather than from the clay-sized fraction alone, it is
probable that the strontium reported 1s locked up
in silt and sand-sized shell fragments.

Finally, the strength of interrelationships of
the trace metals versus the texture, clay mineralogy,
and percentage of organics present in the sediments
was tested by multiple regression analysis. Each of
the trace metals was chosen as the dependent vari-
able (Y) and the remaining variables were considered
as independent variables (X,, X, X,, etc.) that
control the magnitude of the dependent variable, A
mathematical analysis of the entire data matrix was
then cartied out in order to solve for the partial re-
gression coefficients (a, a,, a;, etc.) that allow
predicitve equations to be obtained in the form:
Y=aX +a X, +...+a X, Each of the metals

M 2, A
was mdmduaily inscrted as the dependent variable
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to determine if some combination of the mineral
percentages, organic content, and percentages of
gravel, sand, silt, and clay could be used to predict
its abundance in the bottom sediments. A stepwise
regression procedure was used in order to exclude
from the equation any independent variable whose
contribution did not reach a specified significance
level, Of the 11 metals tested by the regression
routine, successful equations resulted for copper,
lead, vanadium, and zinc (Table 5). Each of the
four equations possessed high F values for signifi-
cance, high R? values and a small standard error.
By way of application, the regression equation
would permit the amount of copper (in ppm) to be
determined anywhere within the study area by
simply multiplying the percent sand by its regres-
sion coefficient (-0.115), adding to that the median
diameter of the sample, multiplied by its regression
coefficient (14.349), plus the percentage of kaolin-
ite multiplied by 0.210, and so forth for the re-
maining 5 variables, and then adding the “constant™
term (5.565). The percentages of lead, vanadium,
and zine could be similarly calculated by multiply-
ing the raw data obtained for each of the variables
by their associated partial regression coefficients,
plus the addition of the constant, Because only 10
samples were used in this study and the effect of
possible inter-relationships among the independent
variables was not tested, no functional significance
should be placed on the equations given in Table 5.
The regression analysis does suggest that various
combinations of more easily measured sediment



i i i ici d Variables [ncluded by Stepwise Multipte

i ions Sh Partial Regression Cocfficients an . .

foble®: ::g::i?:: f’:l:::iﬁ Vmowfu are: Percent Organics (Orgs.), Median Diameter (Med. Dia.), Percent
Montmorillonite (Montm.}, Percent Gravet (Pct. Grav.}, Etc.

Y COPPER LEAD

VANADIUM

——

ZINC

—

a -0.115 (Pct, Sand) -0.006 (Pct. Sand) 0.111 (Pet. Silt} -0.297 (Pct. Clay)
a, 14.249 (Med. Dia.} 0.056 (Pct, Orgs.} -1,926 (Pct. Grav.) -2.954 (Pet, Qua.)
a, 0.210 (Pct. Kaol.) -0.111 (Pct. Grav.} -2.274 (Pct. Nlite) -6.785 {Pct. Grav,)
a, -0.182 (Pct. Grav,) -0.728 [Pct. Hlite) 0.345 (Pct. Sand) -179.793 (Med, Bia
a, 0.020 (Pet. Orgs.} 0.693 {Pct. Q1z.) 3.905 (Pct. Ohz.) -1.331 (Pet. Sily

a, -0.140 (Pce. Miite} 9.703 (Med. Dia.) -0.210 (Pct. Orgs.} -0.859 (Pct, Orgs)
a, 0.237 (Pct. Qtz.) 0.534 (Pct. Kzol.) 0.284 (Pct. Montm.) -0.85% {Pc1. Orgs,)
ag 0,286 (Pct. Clay) 0.282 (Pet. Clay) -2.028 (Med. Dia.) 3.530 (Pct. Montm.)
constant 5.565 -5.413 47.288 176.271

St;‘::;rd 0.004 0.116 0.380 0.457

R? 0,999 0.999 0.998 0.998

Tabulated

F Statistic  258-88 238.88 238.88 238.88

{F os,8,1)

Computed

F Btatistic 366,251 1,576 671 1,340

properties may exist that would allow those con-
cerned with the distribution of trace metals in bot-
tom sediments to predict such values without re-
sorting to more expensive chemical analyses,

CONCLUSIONS

Analyses carried out on bottom sediments
from Mobile Bay indicated that the chief clay
mincrals present were mentmorillonite, kaolinite,
and illite. These clays have acted as “traps™ for a
number of trace elements and have incorporated
the metals in inter-layer sites, as organo-metallic
chelated compounds and, by substitution for
magnesium, silicon, and aluminum, in the octahed-
ral and tetrahedral sites in the clay mineral lattices.

Correlation analyses were used to identify
strong apparent relationships between some of the
metals and high clay and organic content of the
sediments {Cr, Cu, Pb, Hg, Ni, Va, and Zn) and 1o
show that others (Ti, Mn, and Sr) appear to have
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greater affinities for the sand fraction. Though a
complete sampling program for the entire Bay
would be necessary to support the conclusion, the
data does strongly suggest that potential sites of
heavy metal contamination and locations where re-
mobilization of heavy metals might occur during
dredging operations can be identified in estuaries
such as Mobile Bay by simple reference to a bot-
tom sediment texture map,

Regression analyses were also carried out on
the data matrix to determine if combinations of
the organic content, percentages of gravel, sand,
silt, and clay and percentages of various clay min-
eral species could be used to estimate concentra-
tions of trace metals in Bay sediments. Though too
few samples were available for rigorous statistical
testing, the analyses did suggest that the hYPOthf"
sis was viable, at least for certain trace metals in
the study area (Cu, Pb, Va, and Zn)
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THE DISSOLVED OXYGEN PUZZLE OF THE MOBILE ESTUARY

William W. Schroader
Marina Science Program
Tha University of Alabama
Dauphin Island Sea Lab
Dauphin Island, Alabama 36528

ABSTRACT

The dissolved oxygen sysiem in the Mohile
Estuary rcmains essentially unknown. Some in-
formation is available on the guantitative annual
cycle and macro-scale distribution patterns during
oxygen depletion periods. Recent unpublished
research has provided the first look at oxygen-
consuming processes. Virtually nothing is known
about oxygen-producing processcs, environmental
factors responsible for the on-set, maintenance and
termination of oxygen depletion periods or meso-
to micro-scale distribution patterns during oxygen
depletion periods,

BACKGROUND

Little specific information is available concern-
ing the dissolved oxygen (DO) system in the Mobile
Estuary (Fig, 1). The small amount of historical
data {pre-1970) that can be found in the literature
{Loesch, 1960 and Bault 1972) were collected so
randomly, either spatially or temporally, that they
are of minimal value. Results presented by May
{1973) consisted of one figure generalizing the dis-
tribution pattern of the lowest DO observations
made over the period June through September,
1971. Unfortunately, no ficld data were presented
in May's paper nor was there any reference made
to where the data may be archived.

There are three sources of contemporary data
that can serve as a first step in understanding parts
of the dissolved oxygen system. They are: (1) the
reports associated with the 208 wastewater man-
agement plan study carried out by the South Ala-
bama Regional Planning Commission (1977); (2)
the Physical Environmental Atlas of Coastal
Alabama (Schroeder 1976 and 1977); and (3} the
final report of the U,S, Army Corps of Engineers
sponsored “Theodore Ship Channel Project - Base-
line Data Collection’ (U.S. Army Corps of Engi-
neers 1979). Drawing primarily from the latter
two sources an attempt 35 made herein to define
what is known about the DO system in the Mobile

Estuary,
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Figure 1.  The Mobile Estuary

WHAT WE KNOW SOMETHING ABOUT

Quantitative Annual Cycle

Dissolved oxygen data from East Main Pass and
the upper Bay are presented in Figures 2 and 3,
respectively. In part {a} of each figure measured
concentrations of dissolved oxygen, in mg/l, are
plotied versus months of the year while in part (b)
of each figure calculated percent saturation values
are also plotted versus months of the year. The
measured concentrations of DO at both East Main
Pass (Fig. 2a) and the upper Bay (Fig. 3a) showed a
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Figure 2a. Measured Concentrations of Dissolved Oxygen

at East Main Pass.

similar annual cycle. Values were generally highest
during the period October through March (late fall,
winter and early spring) and generally lowest dur-
ing the period April through September (late spring,
summer and early fall).

The surface values at both locations were nearly
always a higher measured concentration than the
corresponding bottom values. Surface and bottom
values tended to be similar during the periods of
highest measured concentrations while during the
periods of lowest measured concentrations they be-
came widely separated, This latter consideration
was particularly true during the months of June,
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Figure 2b. Calculated Values of Percent Saturation for

East Main Pass.
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Figure 3a. Measured Concentrations of Dissolved Oxygen

at the Upper Bay.

July and August. No apparent east-west differences
were observed in the upper Bay data (Fig. 3a).

Calculated values of percent saturation for the
two locations (Figs. 2b and 3b) presented a slightly
different annual cycle. Seasonal trends for the bot-
tom percent saturation values approximated the
measured values depicted in Figures 2a and 3a.
However, the surface percent saturation values did
not decrease during the late spring, summer and
early fall as did the surface measured values (Figs.
2a and 3a) but rather they increased (Figs. Zb and
3b). In fact, in nearly all cases they were the highest
valugs of the year.
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The difference between measured concentra-
tions of DO and calculated percent saturation values
was partially a function of the temperature cycle
and differences in salinity concentrations over the
annual period. For example, the lower measured
values during the summer occurred in waters with
high temperatures and likely high salinities and
therefore had low selubility capacities for dissolved
gases. This means that a low measured concentra-
tion of DO during the summer could in fact have
had a high percent saturation value. This is very im-
portant because low measured concentrations of
DO do not automatically suggest stress on the en-
vironment.

Macro-Scale Distribution Patterns During Oxygen
Depletion

Because of the impact to the local fisheries and
the link to the “‘Jubilee’” phenomenon much more
interest has been generated towards the structure
and behavior of the DO system during periods of
oxygen depletion than during any other time. This

has resulted in some field data and therefore a little
insight into the distribution patterns during these
periods.

Bottom DO and bottom salinity fields during
and immediately after a very depressed DO period
are presented in Figures 4, 5 and 6. The conditions
that existed during the depressed period are illus-
trated in Figures 4 and 5. Both of thesc figures are
presented because Figure 4 has stations which de-
pict the upper two thirds of the Bay including the
delta interface while Figure 5 covers the entire Bay
except the southwest portion and the delta-upper
Bay interface.

Figures 4a and 5a show a large area of depressed
DO (< 1.0 mg/l) over most of the middle and upper
Bay bottom. This area did not extend into the delta
(Fig. 4a) or into the far western side of the Bay
(Fig. 4a and 5a), but it did appear to extend very
close to or even up to the eastern shore. Two
smaller areas of > 1.0 but < 2.0 mgfl concentra-
tions were observed, one extending southeast from
the < 1.0 mg/l area into Bon Secour Bay and the
other in the very southwest cormner of Bon Secour
Bay (Fig. 5a).

Figure 4a. Siations Showing Dissolved Oxygen Over the
Upper Two-Thirds of the Bay.

Figurc 5a. Stations Showing Dissolved Oxygen Over the
Euntire Bay,
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Figure 4b. Stations Showing an Intruding Tongue of High
Salinity Water Over the Upper Two-Thirds of

the Bay,

Both figures 4b and 5b depict an intruding
tongue of high salinity water sityated slightly east
of the contral axis of the Bay. The isohalines of
these 1wo botiom salinity fields did not seem to
have any relationship to their corresponding bot-
1om 14} lields.

Surlace salinity data (not illustrated) compared
to the hottom salinity data showed that there was
weik (0 moderate positive vertical stratification in
the upper Bay and East Bon Secour Bay and strong
positive vertical stratification in the middle and
lower Bay and west Bon Secour Bay. Temperature
data for all stations ranged between 28,0 and
32.0°C and had a moderate positive stratification.
Surveys taken during the low tides of these two
days (July 17 and 18, 1978} revealed no significant
change in the gverall structure and only a 3 to 5
km north-south shift,

Ten days later a follow up survey revealed that
the bottom DO field had significantly recovered
from the depressed conditions of < L0 mg/l to
levels around 4.0 mg/t (Fig. 6a). The corresponding
bottom salinity field (Fig. 6b) again did not seem
10 have any relationship to the DO field (Fig. 6a).
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Figure 5b. Stations Showing an Intruding Tonguc of High
Salinity Water Over the Entire Bay,

WHAT WE KNOW A LITTLE ABOUT

Oxygen-Consuming Processes

Results of research performed by Dr. Mano
Pomatmat of Aubum University as part of the
“Theodore Ship Channel-Baseline Data Collection”
(U.S. Army Corps of Engineers 1979} are used in
this section. Dr. Pamatmat investigated the rates
of OXYgen-consuming processes in the bottom sedi-
ment of the Bay. His position was that compared
to the water column and the total biological activ-
ity of plankton and nekton, the bottom and the
benthos become rclatively more important as water
depth decreases. Therefore, because Mobile Bay
a very shallow estuary (average depth at mean Jow
water - 2.6 m) bottom related OXygen-consuming
processes were the logical place to start,

Because of the limited number of samples he
had to work with, Dr. Pamatmat cautioned that
the results provided at best only an initial assess
ment. Sediment cores from the Bay bottom showed
total oxygen uptake ranged between 12.9 to 417
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Figure 6a. Conditions in the Upper Two-Thirds of the Bay
Afer Ten Days.

ml O,m™ h™' and chemical oxygen uptake ranged
between 4.8 to 18.1 ml O, m™ h'', Interfering
chemical reactions prc:w:mt:d2 reliable measurements
of ATP concentrations to determine living biomass,
which in turn should be related to total metabolic
activity, and measurements of heat flux to deter-
mine the anaerobic component of the total meta-
bolic activity.

Municipal and Industrial Wasta Information

The reader is referred to the 208 wastewater
management plan reports prepared for Mobile and
Baldwin Counties by the South Alabama Regionai
Planning Commission (1977),

History of Low Concentration Pariods

By using the occurrence of the “Jubilee”
phenomenon a5 a signature for oxygen depletion
periods it is then possible to go back through news-
paper records for historical documentation pur-

Figure 6b. Conditions in the Entire Bay After Ten Days.

poses. The earliest report of a “Jubilee” and there-
fore an implied low dissolved oxygen period was in
1821, accoerding to newspapers in files of the Fair-
hope Single Tax Corporation. From that date for-
ward numerous accounts of “‘Jubilee” have been
published in various newspapers throughout the
area, Historical reviews were presented by Loesch,
1960 and May, 1973.

The important implication here is that low dis-
solved oxygen periods have occurred in the Bay for
over 150 years and, therefore, prior to major man-
made alterations to the Bay bottom or municipal -
industrial waste stresses. With this in mind a con-
certed effort must be made, during the designing of
future studies, to consider both natural as well as
man-made consequences with respect to the dis-
solved oxygen system.

WHAT WE KNOW NOTHING ABOUT
1. Oxygen-Pr;)ducing Processes,

2. Environmental Factors Responsible for the



On-Set, Maintenance and Termination of
Oxygen Depletion Periods.

3. Meso-to Micro-Scale Distribution Patterns Dur-
ing Oxygen Depletion Periods.

DATA GAPS AND RECOMMENDATIONS

No aspect of the DO system of the Mobile
estuary is understood well enough that it can be
removed from a data gap list. Therefore, all of the
elements mentioned in this paper and undoubtedly
others, must be considered, to some degree, data
gaps. A definitive study of the DO system is years
overdue and each additional year that goes by
further complicates the task of properly and
adequately piccing the puzzle together. What is
needed is an extensive and intensive study, cover-
ing no less than a 3-year period, to commence as
soon as possible, because to do otherwise may
ultimately result in irreparable harm to the Mobile

estuary.
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WATER RESOURCE MANAGEMENT THROUGH CONTROL OF
POINT AND NONPQOINT POLLUTION SOURCES
IN MOBILE BAY

Donald W. Brady
South Alabama Regional Planning Commission
P. O. Box 1665
Mohile, Alabama 36601

ABSTRACT

Traditional development in the Mobile Bay
area has, In some instances, resulted in undesira-
ble degradation of water quality caused directly
by point source discharges and indircetly by non-
point source runoff. The study partially described
in this paper was undertaken to provide recom-
mended guidelines and management schemes {or
control of point and nounpoint sources of pollu-
ton affecting Mobile Bay and 1ts tributary streams,
The study arca consists of approximately 7,500
km? (2,900 sq. miles} of land area and an estuarine
bay and delta of approximately 1,070 km? {413 sq.
miles).

A sampling program was used to determine
existing water quality and to identify where viola-
tions of quality criteria were occurring. Data from
the sampling program were also used as input to
the water quality model which was used to pro-
ject future receiving water quality and to assess
nonpoint source impacts on water quality. Major
study recommendations relate to total maximum
daily loads, stream standards, treatment levels,
discharge locations, and non-structural controls
for surface runoff. Authoritics are recommended
for designation to fulfill specific management
responsibilities to assure proper use of local water
rescurces.

(NTRODUCTION

The Federal Water Pollution Control Act
Amendments of 1972 (Public Law 92.500) sct
iwo major national water quality goals: 1} to ob-
tain, wherever possible, fishable and swimmable
waters by 1983; and 2) to climinate the discharge
of pollutants into navigable waters by 1985. Three
basic approaches to achieve thesc goals are also
outlined in the Act: 1) the issuance of permits to
discharge under the National Pollutant Discharge
Elimination Systeta (NPDES) as required in Sec-
tion 402; 2) planning for water quality manage-
ment as described in Sections 201, 208, and 303¢;
and 3) the awarding of construction grants for

K}

publicly owned waste treatment systems as stipu-
lated in Sections 201, 202, and 204. The signifi-
cance of this legislation and the 1977 Amend-
ments to itshould not be underestimated, especially
as it regards Section 208 planning.

The South Alabama Regional Planning Com.
mission (SARPC) was charged by the Governor in
1975 to plan for water resource management
through the control of point and nonpoint pollu-
tion sources in Mobile Bay and its major tributary
streams. This paper presents a summary of the
Commission’s  approach, methodology, findings,
and recommendations concerning water quality
management in the Mobile Bay area.

There are two primary objectives in the practice
of water resource management: 1) the satis-
factory disposal of waste products and the pro-
tection of health; and 2) the maintenance of water
quality for the intended or desired uses. The Section
208 planning for the Mobile Bay area was designed
to investigate existing water quality, to compare it
with existing State use classifications and the cri-
teria for each, to identify where violations ocour,
to project future waste loads, and to recommend
a water resource management program  with
necessary controls for point and nonpoeint sources
that will assure attainment of water quality goals.
Time and money were the limiting factors in the
final study design. Due to these limitations, desired
levels of detail were eliminated from the water
quality sampling and modeling elements, resulting
in a minimally acceptable study design.

STUDY DESIGN

The two major components of the Mobile 208
study design from a water quality perspective are
the water quality assessment and the water quality
modeling. The water quality assessment is made
by comparing the results of a sampling program
with accepted water quality criteria. This de-
termines where violations are in fact occurring,
and what improvements in water quality must be
achieved to meet the criteria. The sampling data is
also used as input to the water quality model




which is a set of equations representing the rela
tionships among the various pollutant parameters,
Through the usc of thesc cquations, the effects
of changing the quantity or the guality of both
point and nonpoint discharges upon  various
paramcters can be estimated and examined, Such
simujations make it possible to evaluate various
discharge altcrnatives in terms of their impacts on
the water quality of a given stream. These evalua-
tions are used to determine the maximum daily
waste loads for a particular receiving water body.
The maximum daily waste loads are those quanti-
ties of waste materials that can be discharged into
the receiving water and assimilated therein with-
out violating applicable water quality criteria.
The simulations to determine maximum  daily
waste loads are usually made under the maost
critical environmental conditions, the assumption
here being that if water quality standards are met
under the most eritical conditions, they will be met
under any conditions, Waste load allocations for
point source dischargers are defined on the basis
of the maximum daily loads, These, in wurn, arce
used by the appropriate State and Federal permit-
ting authoritics to determine required treatment
levels and waste permit conditions,

METHODOLOGY

tream P m

Initially, a monthly sampling program was pro-
posed over a 12-month period; however, the US.
Lnvironmental Protection Agency (EPA) officials
felt this required too large a percentage of the total
budget so the cffort was reduced in scope to five
routine and one comprehensive sampling periods,
Thirty-three sites were located and samples were
collected during three seasons of the year (spring,
sumimer, and fall}. These three scusons also repre-
sented the three hydrological periods of the year
(high stream low, high local rainfall, and low
stream {low), Figure 1 identifies the monitoring
stations used for (he water quality asscssment
and maodeling, including those in Perdido Bay
which were a part of the Pensacola 208 study, the
Atabama Water Improvement Commission {AWIC)
trend monitoring stations, and the U8, Geological
Survey (USGS) water quality monitoring stations.
Table 1 further defines the locations of the sites.
Numbers in Table 1 are keyed to the corresponding
numbers on Figure 1. Table 2 lists the stations used
in the comprehersive sampling for the hydrody-
namic calibration of the water quality model.
Station numbers in Table 2 are also keyed to the
corresponding numbers on Figure 1.
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Table 1. Routine Sampling Program Station Locations.
{Reference Figure 1)

Boundary Sites

Mobile River oppositc David Lake {RM 42)

Mouth of Mobile River @ Choctaw Point

Mouth of Spanish River and Delvan Bay

Mouth of Tensaw River

Mouth of Apalachec River @ Causeway

Mouth of Blakely River (West of D’Olive Bay}

Dauphin Island Bridge {Grant’s Pass)

Mouth of Mobile Bay, between Tt. Gaines and Ft.
Morgan

el S Rl ool

Bay Sites

9. Mobile Bay @ approximately 1.5 miles east of Dog

River

10. Mobile Bay & approximately 2 miles northwest of
Maontrose

I1. Mobile Bay @& approximately 1.5 miles east of Fowl
River,

12. Mobile Bay @ approximately 5 miles east of Fowld
River,

13. Mobile Bay @ approximately 3 miles southwest of

Point Clear
Stream Sites

14,
15,
16.
17.
18,
19,
20.
21,
22
23,
24,
25,
26.
27.
28,
29,
30.
31

Mouth of Three Mile Creck

Three Mile Creek @ 5t. Stephens Rd.

Mgbile River @ Pinto Pass (RM 5)

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

Eight Mile Creek @ Highway 45

Mouth of Dog River

Mouth of Theodore Ship Channel (Decr River)
Mouth of Fowl River

Mouth of Intracoastal Waterway

Mouth of Bon Secaur River

Mouth of Weeks Bay (Fish River Point)
Magnolia River @ Highway 49

Mouth of Polecar Creek

Com Branch near Camp Loxley

Mouth of S1yx River

Styx River (@ Hollinger's Creek

Tensaw River @ Big Lizard Creek (North of Gravine
Island)

Tensaw River @ Middle Creek

Baycu Sara @ Norton Creck

32.
33.

AWIC Trend Stations

42,
45,
44.
45,
46,
47,
48,

Dog River @ Luscher Park

Mobile River @ 1-65

Mobile River @ L&N Railroad Bridge

Mobile River @ Alabama State Docks

Bayou La Batre @ Alabama Highway 188

Three Mile Creek between U.8S. 43 and Southemn RR
Chickasaw Creek @ Highway 43
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Table 1. - Continued

49. Chickasaw Creek @ L&N RR Bridge

50, Escatawpa River @ Highway 98

51. Hollinger Creek southcast of Bay Minctte

52, Wolf Creck @ County Road 12

53, Wolf Creek 0.25 mile upstream of County Road

12 Bridge

54, Bon Secour River near Bon Secour, Alabama

55, Intracoastal Canal east of Gulf Shores

56. Tensaw River @ L&N RR Bridge

57. Tensaw River just below Gravine Island

USGS Stations

58. Chickasaw Creck
59. Perdido River

Tablc 2, Comprchensive Sampling Program Station Loeca-
tions, {Reference Figure 1}

Boundary Sites

34. Mobile River near Grog Hill Crk {(RM35.3)+
35. Mobile River below Shell Chemical (RM 24)
2. Mobile River @ Choctaw Point
4. Mouth of Tensaw and Spanish Rivers @ Delvan Bay
5. Mouth of Apalachec River (@ Causeway)
6. Mouih of Blakeley River (West of D'Olive Bay)
7. Dauphin Island Bridge {Grant’s Pass)
8. Mouth of Mobile Bay between Fr. Gaincs and Fi.
Morgan
41. Gulf of Mexico approx. 1 mile south of Sand Island

Bay Sites

9. Mobile Bay @ approx. 1.5 miles east of Daog River
39. Mobile Bay @ approx. 3 miles cast of Dog River
@ Mobile Ship Channel

4. Mobile Bay @ Approx. 8 miles east of Dog River

Stream Sites

17. Intersection of Mobile and Spanish Rivers (RM 6.0)
36. Mobile River above Chickasaw Creck {RM 3.5}

37. Mouth of Chickasaw Creek

14. Mouth of Three Mife Creek

38. Mobile River below Three Mile Creek (RM 0.5)

Sampling Frequency and Parameter Coverage

For the routine sampling program, one sample
was collected from each of the 33 sites on April 8
April 20, and May 183, representing high strean";
flow period of 1976. The Mobile and Tensaw Rivers
were at flood stage during the April 8, 1976

sampling, Another sample was collecied g cach
site on August 15, 1974, representing the peri;d
of local thunderstorm activity  which produg
high surtace runoli into area streams. The IaZ:
sumple was collected on Octoher 22,1974, Tepre.
senting the low stream Tow period of the vear
In the Mobile River, the Towest Mlow of the yeq
occurred on October 17, 1976, and was aboy
255 m* /s {9,000 cubic feet per second). Sampliy
was coordinated so that (our of the sampling dmf
corresponded 1o sampling  dates {or lhl-‘lAW[C
trend  stations. Samples were collected at mid-
depth or at 4 maximum of tive feet helow the syp.
face. All stauons were samipled within an cight.
hour time frame. Parameter coverage tor the Toy-
tine sampling is shown in Tuble 3, Samples from
the comprehensive  stations  were  collected at
17 sites (Table 2y a1 spectlicd intervals aver one
tudal evele o provide data four water quality and
for hydrodynamic verification of the water qﬁa]jtv
model. Sampling beaan at 6:00 p.m. local time o
October 12, 1976, and ended with the 6:00 p.m.
sampling on October 13, 1976, Conditions were
tdeal-winds were calm, there was no rainfall, and
stream  flow  was [ow, Parameter coverage and
sampling trequency [or the comprehensive samp-
ling are indicated in Table 4.

Nonpoint ling Program

A second part of the sampling program was
designed to assess the contributions of storm water
runoff and other nonpoint sources {rom various
land use categories. The sclection of an appropriate
level of detail in the definition of sworm Joads is
best dictated in assessment studics by recerving
water impacts. Pollutants discharged to recewing
waters have characteristic time and space scales
associated with the impacts they cause. These
scales are illustrated in Figures 2 and 3, and can be
used to provide guidance in determining the time
scale of the averaging which is appropriate, Thus,
while suspended solids loads may, in most cas¢s,
be characterized on an annual basis, more reactive
contaminants such as coliform orgamsms af‘-d
OXygen consuming matcrials, will usually requir
definition on a scale in the range of hours. Waste
load definition on a scale finer in detail thas
one to several hours (approximately the scale of
storm events) is not necessary for the cvaluation
of transient water quality impacts. ol

A sampling program was outlined for select y
catchment basins representing the identified lan
use categones that were included in the nonpoidt



Table 3. Routine Sampling Program Paramctcr Coverage.

WEATHER DATA

Wind Specd
Wind Direction
Air Temperature
Cloud Cover

Water Depth
Sample Depth

ph
Water Temperature
Dissolved Oxygen

Specific Conductance

UNITS

Miles Per Hour (MPH)
From North (N)
Degrees Celcius (°C)
General Descriplors
Cloudy (Cldy)
Parily Cloudy {Pu
Cldy)
Clear
Fog
Feet
Feet
Unitless
Degrees Celcius {°C)
Milligrams Per Liter
{mg/1)
Micromhos/Centimeter
(mmhofcm)

CHEMICAL DATA

Biochemical Oxygen Demand-

five day (BOD,)
Nitrite (NO, - N)
Nitrate (NO, - N)
Ammonia {NH, - N)

Organic Nitrogen (ORgN - N}
Total Phosphorus (PO, - P)
Total Dissolved

Salids (TDS)
Qil and Grease {0 & G}
Total Mercury  (Hg)
Total Zinc {Zn)
Total Lead {Pb)
Fecal Coliform  (Fec Col.)

Chlorophyll “a” {chl “a")
Pesticides: Organochlorine
Organophosphorus

Milligrams per liter
(mg/1)

counts/ 100 milliliters as
determined by the mem-
brane filter technique
micrograms per liter
namograms per liter
namograms per liter

Table 4. Comprehensive Sampling Program Parameter Coverage and Sampling Frequency.

Paramcter Coverage

Physical Data

Water Depth
Temperature

Specific Conductance
Dissolved Oxvygen

Chemical Data

5 day BOD
Ultimate BOD
Ammonia Nitrogen
Organic Nitrogen
Nitrate Nitrogen
TKN

Total Phosphorus
Fecal Coliform
Chlorophyli “a”

Every 3 hours at

3 depths (1 fr.
below sarface, 5 f1.
or mid-depth, 1 fr.
above hottom)

X

X
X
X

Sampling Freguency

Every 6 hours
at b ft. or
mid-depth

I

Twice Only Once
once a.m, only at
OnCe p.m. Peak
Flood
X
X
X
X
X
X
X
X
X
X
X
X
X X

source assessment. Figure 4 shows the selected
catchment basins and Table 5 briefly describes
each. The sampling frequency and parameter
coverage proposed for the nonpoint assessment are
presented in Table 6, However, problems en-

countered in the nonpoint sampling program re-
lated either to no rainfall at all over some catch-
ments or to insufficient rainfall or insufficient
unoff from some catchments, resulted in no
samples being obtained at three of the original
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Residential - Samples were taken from Paved djte "
(5R} south end of culvert under GO"fmmem
{183 acres)  Boulevard on the east side of Skyline Country
Ciub; 100% single family residentiaf,
Commercial - Samples were taken from Paved ditch 5 the
(5C) east end of culvert under Natiopal Jeweley
{272 acres)  building on Bel Air Blvd.: 70% Commerciy)
5% single family resideatial, 259 apen,
Industrial - Samples were 1o have been taken from storm.
{6) water drainage sysiem of Alcoa Aluminyp,
(42 acres) Plant at the rorth end of Alabama S,

Docks; 100% industrial. No samples gh
tained,

Septic Tank - Samples were to have been taken from we

Installations drainage ditch at north end of culvert unde,

(3) first street south of Bear Point Marina; 100%,

{35 acres) single familv residential. No samples ob
tained.

Agricultural - Samples were taken from south end of cor

(1A) rugated metal culvert under Highway 64

(R2 zcres) approximately 1 mile west of Wilcox Road
and 110 intersection in Baldwin County;
100% agricultural pastureland.

Agricultural - Samples were taken from south end of

(1B} corrugated metal culvert under Baldwin

{196 acres)  County Road 24 approximately 0.75 mile
west of intersection of County Road 55:
100% agricultural fand under cultivation.

Silvicultural - Samples were taken from south end of

{2) cubvert under road approximately one mile

(1664 acres}  west of Wilcox Road and five miles north of
1-10; 100% managed forest land.

g

FAURCE

AAEAWIDE &5 SE5NMaNT FROC P D)

L T VOLUME | ERYINCNMENTAL
1]

*ROTECTion AMMNCY, U ln-lnB!.-MQdJllV wrs. .

Figure 3. Space Scales
Storm Runoff Water Quality Proble,s,

FLOMTMY EY
T I Theodore - Samples were taken from middle Deer River
T anerma o Industrial at the west end of culvert under road on the
T Ty Park {41) south side of Kerr McGee plant site; 60%
i e : (1569 acres) develaped/developing industriai, 40% wn-
T T g developed,
i oasOvEn orraen ] Theadore - Samples were taken at twin culvert located
1 ! i | Industrial at west end of drainage ditch under new spur
mTmENTS o ! Park, Back-  track to DeGussa; 100% totally undeveloped
) | | | ground Area land.
o Fame brerery o : (48) {356 acres}
.. [oitreeery
_[ o | . Fairhope - Samples were taken at the end of a Five foor
| sasawessaos Landfill metal culvert located under Section Street
I H | -__—-_|-___ T {7} (14 acres) in Faithope; 100% sanitary landfill.
. ”. e L W o
e L T NOTE: Numeric andjor alpha numeric designations refer
T e e to identifiers shown on Figure 4,
L L m—

sites. These were the original agricultural site,
Figure 4 (1), the resort site, Figure 4 (3), and the
industrial site, Figure 4 (6). Two alternate agricul
tural sites were identified, Figure 4 (1A) and (1B),
from which samples were finally collected. Sixty-
six field trips were made to the nonpoint sampling
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Table 6. Nonpoint Sampling Frequency and Parameter Coverage.

NUMBER OF SAMPLES —
e
y nE
4 =] - R . L
z| z|2*% e = B I F £ 3
-] y) | & <=3 =| B¢ =| % .| %
alalz| E| E|E| 8| (2| 5|32 2 {5 s 5|5e|d
ol e| sl £ -=Ehw9,a.¥5545553;,u=
LANDUSE |PROGRAM | 2| O| E| Z| Z2{<€{ &{ ~ = = |= : g__?-
i 16|16} 16 | 16 8 16 16 8 16
Agriculture | Scheduled 16 8 i6 ‘
{1A & 1B} Completed 32119 32| 32182132 32| 19| 32 32 19 39
Silviculture | Scheduled 16| 8 16 | 16]16|16| 16 8] 16§ 16 :‘i 16
{2) Completed | 19| 12 191 19]i9119| 19| 121 19| 19 12 19
Construction | Scheduled 2710127 27 | 27 27 1_? 291 27 51 5
(41} Completed | 28 |10)281 28 | 28 28 [ 15f 28 | 28 19|10
Landfill Scheduled 8] 4 8 8 8] 8 8 4 8 8
{7) Completed 8| 4 8 8l 8] 8 8 4 8 8
Septic Tank | Scheduled 1] 1 1 1 1] 1 1 1 1 Ly 11111 L) L ]
'“5“(1]33“0"3 Completed | o o ol olefol of ol o o of o] of o] ol of o o
Residential | Scheduled | 24| 81 8| 27| 241616 | 24| 12 23| 24} af 4 4] 4] ol 4] 4| 4 2%
{3R} Completed 24 |12 9| 28| 28j19| 19| 28| 21 28 28 3 31 5 51 315 511119
Commercial | Scheduled 1811071 9| 271 2718[ 18 27| 11 27 22010010010 010010 10 10 re
{5C) Completed 241111104 28| 28|1s|18) 28 o1 28 2B (10 [0t favfaafeafnngae 28
Industrial Scheduled 24| 8| 8 24 2416116 | 24 121 24 29 40 4 4| 4| 4| 4] 4| 8 i
(6) Completed ol O O \] 0ol o 0 0 0 ¢l o] of 6p o} ofol| ol o] o
Undeveloped | Scheduled 27 P10 |27 27| 27 27 15 27| 23 5 5
{4B) Completed 18110)18] 18 18 18 10 18 18 4 4
Totals Scheduled {161 |67 [79 {170 | t 70l51 911170 886|170 170119355 19 §24 | 24J28 11985517
Completed [153 178 {73 [ 161 | 161 96 [ 96 | 161 {103 [ 161 161 )16 |47 16 130 | 16|30 16| 74|43

sites, Only 18 of these resulted in representative
samples {from the sites.

EXISTING CONDITONS

The results of the water quality sampling

program indicate that overall the streams in the
drea. cxperience a great range of parameter values.
Based upon the AWIC water guality criteria and
strecam use classifications, the most frequently
occurring vialations are dissolved oxygen, pH, and
fecal eoliform. These violations are scattered
througheut the Mobile River Basin, but more
specifically affect Mobile Bay, Three Mile Creck,
Chickasaw Creek, Fowl River, Magnolia River,
Bayou Sara, Bayou La Batre, Hollinger Creek,
and Wnlf Creek. Table 7 presents a summary
of the streams sampled, their use classifications,
and the existing criteria that were violated, if any,
The storage-trzatment-overflow-runoff model
(STORM) was used to estimate the frequency and
magnitude  of pollutant loads from nonpoint
sources. STORM is a continuous storm water

mode} that simulates both quality and quantity of
runoff. 1t accepts lund use classification by area
disaggregated according to soil properties and a
measured rainfall record as a direct input, The
model also takes into account the capucity of the
watershed to intercept and retain water (depres
sion storage) as welt as infiltration and percolation
of pervious surfaces, STORM produced mass
emissions for the nonpoint catchment basins as
indicated in Table 8. Table 9 describes the range
of constituent concentrations observed at several
of the catchments. Maximum concentrations were
exclusively observed in a first flush immediately
following the start of runoff. Minimum concentra
tions occurred near the end of the storm.

In order to gencrate storm water loadings to
receiving waters, the STORM model was individually
applied using both current (1977) and pmject_ﬁd
{2000) land uses 10 cach of 38 drainage subbasins
in the area, and the 254 cm (1 inch) storm falling
in 1 hour as the critical storm, Based on these con-
siderations, simulated current and projected
storm water loads were compared with current
{1977—Best Practicable Treatment) and pl’OJ‘CdCd
(2000-Best Available Treatment) municipal and



Table 7. Water Quality Criteria Assessment at 208 and AWIC Sampling Station Locations.

Water Water
Quality Quality
Criteria Criteria
Sampling Stream Use \r"iol:u.tior;s.3 Sampling Stream Use \(inlat.ions,3
Station Stream Classification’ 1977 Station Stream Classification! 1977
a1 Mobile River F&wW - 29 Styx River Fiw pH
02 Mobile River Akl - 30 Holligner -
03 Spanish River F&W — Creek F&w pH
04 Tensaw River F&wW - 31 Tensaw River SWM, F&W -
05 Appalaches 32 Tensaw River SWM, FL&W -
River F&W - 35 Bayou Sara F&W Do, FC
06 Blakeley 34*  Mobile River PWS, F&W -
River F&w 354 Mobile River F&W -
07 Mobile Bay SWM, F&W, SHLL DO, FC 369 Mobile River Akl -
(8 Mohbile Bay SWM, F&W, SHLL FC 574 Chickasaw
09 Mobile Bay F&W - Creek NAV DO
10 Mobile Bay SWM, FiW — 3g? Muobite River Akl —
11 Mobile Bay SWM, F&W, SHLL FC 3g° Mobile Bay F&W —
12 Mobile Bay SWM, FEW, SHLL EC a0* Mobile Bay F&W -
13 Mobile Bay SWM, FEW, SHLL FC 414 Gulf of
14 Three Mile Mexico SWM, F&W, SHLL —
Creeck Akl — 42 Dog River F&wW —
15 Three Mile 43 Maohile River F&W —
Creek Akl DO 44 Mobile River F&W pH
16 Mobile River Akl - 45 Mobile River Akl -
17 Mobile River F&W - 16 Bayou La Batre F&W bO, FC
18 Eight Mile 47 Three Mile Creek Akl DO
Creek F&W - 48 Chickasaw
19 Eight Mile Creek F&W DO, pH, FC
Creek F&W — 49 Chickasaw
20 Dog River SWM, F&W — Creek NAV DO, pH, T
21 Deer River 50 Escatawpa
{Middie Fork) F&W - River SwM, F&w pH, FC
22 Fowl Eiver SWM, F&W DO 51 Hollinger
28 Intracoastal Creek Akl DO
Waterway SWM, FEW - 52 Wolf Creek FEW DO, pH
24 Bon Secour 53 Wolf Creek FEW -~
River SWM, Fi&WwW -_ 54 Bon Secour
25 Weeks Bay SWM, F&EW — River SWM, F&W —
26 Magnolia 55 Intraceastal
River S5WM, F&W pH, DO Watcrway F&W —
27 Polecat Creek SWM, F&W pH, FC 56 Tensaw River SWM, FLW FC
28 Com Branch F&W pH 57 Tensaw River SWM, FEW FC

! Presented in Chapter 11

2 AWIC Criteria, Table 8-1 4Station not sampled for pH

industrial point source loads. Table 10 presents a
summary comparison of these simulated loads. In
interpreting this table, it should be kept in mind
that the point source loads and the average summer
storm water loads are continuous as opposed to the
critical storm runoff loads, which are introduced
over a matter of hours. Hence, the units for the
critical storm runoff loads are more appropriately
pounds per critical storm rather than pounds per
day.

3FC = Fecal Coliform; DO = Dissolved Oxygen; T = Temperature

The relative magnitudes of point source and
critical storm loads vary with location. Chickasaw
Creck, with its present concentration of industries,
is dominated by point source discharges although
storm water loads are substantial. Point source and
storm water loads to the lower Mobile River are ap-
proximately the same magnitude. Loads from the
critical storm are much larger than current peoint
source loads to Three Mile Creck and Dog River
and will be even larger in the future as Best Avail-



Table B. Maobile 208 Mcasured Storm Event Mass Emissions Summary.

Measured Stormwater Pollutant Mass Emissions’

Event BOD, Total N Total P TSS Fecal Caliform
Catchment Name*  Date Tos  Ibsfacre Tbs Ibsjacre Ths bsfacre  Ibs  Ibsfacre Ibs Ibsjacre
Residential® (3R] 06/18/76 60.2 0.334 16.3 0.091 255 0.014 7570 42,1 230 1.28
Residential (5R) 12/06/76 21.8 0.121 2.3 00128 031 0.0017 i35 0.75 12.6 0.07
Residentiat (5R) 01/13/77 3.0 00167 0.7 00039 0.06 0.00033 10 0.055 0.0276 0.00015
Commercial (5C) 06/18/76 226 0.830 408 0.15 5.32 0,020 11500 42.3 168 0.61
Commercial® (5C) 12/06/76 134 0.493 15,1 0.056 1.83 0.0067 643 2.56 40.7 0,15
Commercial® {(6C) 01/13477 87.9 0.323 7.4 0027  0.80 0.0029 186 0.68 3.31 0.012
Agricutural (1A)  10/30/76 11.2 0.137 24 0029 0,81 0.0074 303 3.70 326 0.40
Agricultural {1A) 12/11/76 0.2 04002 0.1 0001 0.02 0,00024 8 0.697 0.767 0.0093
Silvicultural (2) 1048076 4.0 0.002 0.5 0.0003 0.12 0.000072 182 0.11 138 0.008
Silvicultural? {2 12/11/76 - - - - - ne - - 0.0518 0.000631
Theodore
Backg‘rnundz (4B) 08/02/76 1.0 0.0028 0.7 0.0020 0.02 0.000056 17 0.0478 0.0987 0.00027
Theodort
Bat:ka;mund3 (4B} 12/19/76 - - 0.1 0.0002 0.01 0.0030 17 0.0478 0.202 0.00057
Theodore
Construction® {41) 08/02/76 11.3 00072 3.4 0.0021 0.25 0.00016 378 0.241 3.36 0.00214
Theodore
Construction” (41) 09/02/76 37.3 0.024 11.4 ¢.007% 0.80 0.00051 3950 2.52 20.5 0.0131
Theodore
Construction’ {41} E2/19/76 8.3 0.0053 1.7 0.0011 .27 0.00017 2h8 0.165 6.69 000426
Fairhope
Landfill (7) 09/07/76 16.0 1.14 1.2 0.80 1.58 0.113 12170 870.0 993  0.709

' Applies only to the period over which measurements were taken.

after the last measurement.
*Runoff had started priot to initial sampling. Mass emissions not corrected for base flow, if any.
*Mass emissions corrected for base flow loads
*Numicric and/or alpha numeric designators refer to identificrs shown on Figure 4 and in Table 5.

In almost all cases, storm water discharge continued

NOTE: This 1able does not list the measured mass emissions for Agricultural Site 1B. Although many *“dry runs” were
made, samples were not collected at this site until 6 to 9 months after sampling at all the other sites except the
industrial and resort (septic tank) sites had been completed. Samples at the latter two sites were never obtained.
It was not known when sufficient rainfall at these sites would result in representative samples heing taken, and the
computer modeling tasks could not be delayed indefinitely without seriously affecting the entire project schedule;
therefore, the model runs were made withaut the sample results that were eventually taken from Site 1B.

Table 9. Range of Pollutant Concentrations Observed During the Storm Water Sampling Program.
TSS COD BOD Oil and Grease
mgjl mgfl mgl mg/l

Land Use Max Min Min Max Min Max Min

Kesidential 1,270 10 199 30 19 3.4 5.7 <1

Commercial 1,350 16 466 19 49 2.8 6.3 <1

Sanitary Landfill 5360 46 121 57 46 3.6 - -

A.E'l'?cuiwra] 2,200 11 178 27 9.4 0.7 . .

Sitvicultural 1,000 3 39 8 2.4 0.1 . .

Open, Marshy 1351 13 84 20 24 0.1 . -
Table 9. continued om next page.
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Table 9. Range of Pollutant Concentrations Observed During the Storm Water Sampling Program {Concluded).

TKN NO4-N TOTALP F. Coli

mg/l mgfl mg/l MPN/100ML
Land Use Max Min Max Min Max Min Max Min
Residential 34 0.55 0,80 a.11 0.28 0.09 93,600 78
Commercial 4.3 0.42 0.94 0.09 0.44 0.06 35,400 38
Landfill 3.0 1.0 0.65 041 0.65 0.21 3,000 325
Agricultural 7.4 0.13 3.0 0.04 2.4 0.03 3,500 810
Silvicultural 0.75 0.07 0.27 0.04 0.14 0.02 2,200 38
Open, Marshy 0.95 0.20 0.65 0.10 0.05 0.02 163 26

Table 10, Comparison of Loadings from Urban Storm
Water and Point Source Discharges.

{tbs/day)
Chickasaw Dog Mobile Three Mile
Source Creck River  River Creek
BODy;
Point Sources
BPT (1977) 59,200 640 3,730 2,210
BAT (2000) 20,700 380 1,590 750
Critical Storm
1977 10,000 28300 3,020 16,000
20:00 11,500 37,700 3,030 17,100
Average Summer
Storm Water 640 1,200 110 600
{1977)
Total Nitrogen
Point Sources
BPT (1977} 6,300 470 3,330 2,140
Critical Storm
Runoff
1977 1,230 2,700 440 1,600
2000 1,420 3,700 440 1,680
Average Summer
Storm Water 120 160 20 80
(1977)
Total Phosphorus
Point Sources
BPT (1977) 660 150 1,1t0 710
Critical Storm
Runoff
1977 150 290 50 160
2000 150 %60 50 160
Average Summer
Storm Water 19 22 3 10

(1977)

able Technology (BAT) is applied to point sources
and as storm water loads increase with urban de-

velopment.
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Samples coliected for the nonpoint source
modeling were analyzed for parameters other than
those addressed by STORM. Pesticides were
present above the limits of detection in runoff
from the residential, commercial, and agricultural
catchments. Mercury was detected in a runoff{
sample from the commercial catchment, and small
amounts of iron, lead, manganese, and zinc were
found in both the commercial and residential
catchment samples.

In summary:

The upper reaches of the Mobile River ex-
hibit good water quality with two signifi-
cant cxceptions. Thermal violations occur
as a result of the large volumes of cooling
water discharged from the Barry Steam Gen-
crating Plant, and the fccal coliform concen-
trations contributed from nonpeint source
runoff in this area heavily impact the shell-
fish harvesting during low temperature, high
stream flow pertods.

Chickasaw Creek is heavily impacted by point
source dischargers of both industrial and
mumnicipal origins. The water quality of this
stream is worsened by heated discharge from
the Chickasaw Steam Plant. Water quality is
poor and made worse by heavy benthic 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 to the poor
reacration of the stream resulting from strong
tidal influence. Nonpoint sources also severely
impact the stream.

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



Table 11, Existing Municipal S2wage Plants.
(December 31, 1977)

Plant

-Maobile County-

McDuffie [sland/Mobile’
Halls Mill Creek/Mobile?
Three Mile Creek/Mobile
Hog Bayou/Mobile

Bill Zjebach/Maohile
Grover Street/Prichard
Eight Mile/Prichard
Chickasaw Lagoon
Saraland

Dauphin Island

Bayou La Batre
Citronelle

-Baldwin County-

Gulf Shores
Robertsdale
Bay Minette

Wesiside Lagoon/Bay Minetie

Loxley Lagoon
Foley Lagoon
Fairhope

T
Design Flow Receiving

Treatment Description (mgd) Water
High rate Activated Sludge 16.00 Mobile Bay
tigh rate Trickling Filter 1.50 Ha!}s Mill Creek
High rate Trickling Filter 10.00 Spring Branch
Package plant 0.35 Hog 'BﬂYO'-l
High rawe Trickiing Filter 2.00 Mobile I:'Tay
2 Stage Trickling Filter 4.00 T?lr:c M}]t Creek
High rate Trickling Filter 1.50 Elshl Mile Creek
2 Single stage lagoons 1.50 Chickasaw Creek
Conventional Activated Sludge 0.59 Norton Creek
Standard rate Trickling 0.25 Aloe Bay
Conventional Activated Sludge 1.00 Portersville Bay
Single stage Lagoon 0.22 Puppy Creek
3 Stage lagoon 0.33 Intracoastal Waterway
Extended aeration Activated Sludge 0.25 Rock Creek
Primary clarification 1.00 Hollingers Creek
2 Stage lagoon 0.225 Martin Branch
3 Stage lagoon 0.16 Corn Branch
Single Stage lagoon 0,27 Wolf Creek
Step aeration Activated Sludge 2.00 Mobile Bay

iCurrr.-ru:ly being converted to a 28 MGD pure oxygen A.S. process

*Will be closed in 1978

Deer River has poor hydraulic flushing and is
impacted by storm water runoff. This limits
its assimilative capacity for direct discharges,

Mobile Bay has relatively good water quality.
It expericnces occasional water quality prob.
lems on its western shores due 1o puor circu-

lation and to heavy bacterial contamination
from high fresh water inflows.

Bayou Coden and Bayou La Batre experience
poor water quality due to waste disposal from

ing septic drainfields deteriorate water quality
in low lying areas and coastal waters of resort
areas such as Gulf Shores and Dauphin Island,
and in streams discharging directly into Mobile
Bay, such as Fish River, Fowl River, and
Magnolia River,

SOURCES OF POLLUTANTS

scafood industries operating in the area.

® Noarton Creek and Ba

you Sara have poor water

quality resulting from the overloaded Saraland

Stwage treatment

flows.

plant and fow dry weather

Hollinger Creek has poor water quality result-

ing from the discharge of primary effluent
from the Bay Minette Sewage treatment plant.

® Dog River is impacted by high sediment
Ivads in urban storm water runoff,

® Improperly installed and/or improperly operat-
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Pgint Sou rces

Major point sources of pollution in the area
include 19 municipal wastewater dischargers with
an aggregate flow of 250,000 m?/day (55 MGD)
and 38 industrial process wastewater dischargers
with NPDES permits having an aggregate flow of

approximately 609,000 m

?/day (134 MGD). In

addition there are 49 semi-public and privat¢
dischargers and other miscellaneous dischargers of
sanitary waste, cooling water, boiler blowdown,
rain water runoff, and other nonpermitted ef

fluents,



Municipal sewagc treatment plants generally
accept only domestic wastewater. Because of this
the plant capacities and the gross pollutant loads
which they receive are in direct proportion to the
populations they scrve. Table i1 lists the munici-
pal sewage treatment plants in the area, their treat-
ment processes, design flows, and receiving waters
for the treated effluent, Table 12 summarizes the
typical concentrations of constituents found in
domestic wastewater. Pollutant concentrations and
average flows may both vary il industrial waste
watcr is also treated andfor if extrancous water is
received via flow from surlace water or infiltration
from ground water.

Table 12. Typical Composition of Domestic Sewage,

Concentration- mg/fliter

Constituent Strong  Medium  Weak
Solids, total 1,200 700 350
Dissolved, total 850 500 250
Fixed 525 300 145
Volatile 25 200 105
Suspended, total 350 200 100
Fixed 75 50 30
Volatile 275 150 0
Settleable solids, {ml/liter) 20 1D 5
Biochemical oxygen demand,
5-day 300 200 100
Total organic carbon (TOC) 300 200 100
Chemical oxygen demand
{COD) 1,000 500 250
Nitrogen, (total as N} 85 40 20
Organic 35 15 8
Free ammonia 50 25 12
Nitrites 0 0 0
Nitrates 0 0 0
Phosphorus (total as P} 20 10 6
Organic & 3 2
Inorganic 15 4
Chlorides 100 50 30
Alkalinity {as CaCQ,) 200 100 50
Grease 150 100 50

Source: Wastewaler Engineering: Collection, Treatment,
Disposal by Metcalf & Eddy, Inc. Copyright (<)
1972 by McGraw-Hill, Inc. Used with permission
of McGraw-Hill Book Company.

Industrial point sources in the area are princi-
pally located in the Mobile metropolitan arca with
discharges to the Mobile River and Chickasaw
Creck. Table 13 lists the major industrial point
sources and categorizes them by their 1977 dis-

charge volumes. The largest volume dischargers
are paper mills and electricity gencrating plants
with most of the latter's flow being cooling water
and stcam condensate. The bulk of the pollution
load is contributed by the paper mills and the
chemical plants which discharge into Chickasaw
Creek and the Mobile River. These loads are
strictly controlled by NPDES permit conditions
which limit the concentrations of pollutant
paramcters to assure compliance with applicable
stream standards. At the time of the 208 assess-
ment of industrial dischargers in 1977, only four
industries in the area had not met the 1977 BPT
requirements of law. These were all under com-
pliance schedules for 1978 satisfaction of the
requirements.

Nonpoint Sourges

Major nonpoint sources of pollution in the area
are urban storm water carrying sediment loads
from construction and new development sitcs,
hydrologic modification which affects movement
of the salt water wedge up the delta causing some
salt water intrusion into ground water, and surface
runoff upstream coming into the area and carrying
bacterial contamination. Another source is im-
properly operating septic drainfields in low lying
coastal areas,

Most pollutant parameters from nonpuint
sources have their greatest impacts during the high
temperature, low flow periods of the year, How-
ever, the converse is true for {ecal coliform bacteria.
Since their impacts force annual closure of the
oyster beds in the lower Mobile Bay, the 208
modeling assessment was expanded to include the
higher flows and colder water temperatures,
Using observed fecal coliform concentrations of
50 MPN/100 mi, projected year 2000 flows for
point source discharges, generated fecal coliform
lvadings for urban storm water runoff, and fresh-
water inflows identical to summer simulations
except temperature which was set at 10°C (50°F),
the model was operated with the Mobile River flow
at 4,250 m? /5 (150,000 cfs) to assess the effects of
fecal coliform concentrations in the winter storm
water runoff from the 2.54 ¢cm (1 inch), 1 hour
storm. The results of the simulations showed that
a marked increase occurred in the fecal coliform
concentrations reaching the Bay in the winter as
comparcd to the summer. The winter simulations
were rerun for the same storm with the fecal coli-
form loadings from urban storm water runoff in-
creased by 10 times. There was no detectable in-
crease in fecal coliform concentrations in the lower



Table 13. Flow Summary of Industrial Process Wasic Water Dischargers.

Average Discharge (MGD) T
SIC Company MGD <0.01 0.01-0.1 0.1.1.0 LO10 g5
. e
2026 Barber Pure Milk 05 N
2077 SARS .02 . X
2091  Agquila Seafood 001 X
2092 Plashes Seafood .003 X
Grass Seatood 003 N )
Gulf Shrimp 410 X
Mallon Seafood 0003 X
Ovster Bay Seafuod .001 X ‘
Star Fish & Oyster 288 X
Patronas Seafood .001 X
Causeway Sealpod .00t X
Gulf Coast Knight Seafood .013 hY
Bon Secour Fisherjes RI3E? X
2491 Crown Zelterbach 010 b
2621 International Paper 33.2 X
Scout Paper +2.4% X
2631 Sione Container 0.02 X
2812 Stauffer Chemical-LaMoyne 1.10 X
Diamond Shamrock .06 X
2819 Unjon Carbide-Chickasaw 3634 X
Halby 0025 X
American Cyanamid .0600 X
ALCOA 8000 X
Virginia Chemical 2000 X
Eagle Chemical 2259 X
2823 Cowrtaulds of N.A. .80 X
2861 Reichhold Chemical .1800 X
2869 Degussa 3710 X
2879  Shell Chemical 1.044 X
Stauffer Chemical Cold Creek 400 X
2911 Marion Refinery 0453 X
Louisiana Land & Exploration 110 X
2951 Chevron Asphalt 350 X
3313 Airco Alioys 354 x
4011 Frisco Railroad 000325 X
L.C.G. Railroad 0115 by
4911 Alabama Power-Barry 40.0 X
5161 Thempson-Hayward L0041 X
Totals _l 0 11 10 4 3

Bay with the higher urban runoff loadings. Thus, it
appears that the urban storm water loadings from
the Mobile area are not a significant contributing
factor to the concentrations in the lower Bay. It
does appear that high river flows and low water
temperatures will allow the transport of bacteri-
olugic d contaminants from the upper limits of the

delta to the oyster reefs in sufficient concentr
tions to cause closure of the reefs. )

Table 14 presents a summary of the nonpoint
source assessment including the streams affected,
the types and seriousness of the problems, and the
contributing nonpoint sources.



Table 14. Nonpoint Source Problem Assessment Summary.

Type D{a Scriousnem!;) Contributing Type of  Seriousness  Contributing
Waters Affected Problem of Problem Source® Waters Affected Problem® of l‘ml:ll:mh Source®
Chickasaw Creek DO M us Bavou Sara Do H Us
N L us N H Us
P L us P M Us
CL M HM/5] SED H CON/ND
CB M uUs CB M us
Three Mile Creek DO H Us Eight Mile Creck Do M us
N L us N L uUs
P L us P L Us
SED H CON/ND CL L HM/S1
CL M HM/SI CB H us
CB M Us
Mobile Bay DO L us
Mobile River DO L us N L us
N L us F L us
P L us SED L/uf US/HM
SED H SE/CON{ND CL M HM{S]I1
CL M HM/SI CB L/H& UR
CB L/md URS ‘
Wolf Creck N L AGf
Dog River DO H USs P L AG!
N H us CB M LSD!
P M Us
SED H CON/ND Magnolia River N L AG!
ch M us P L AG
y LSDI
Hall's Mill Creck DO H us ce M
N H us i
P M us Fish River CB M LSIY
SED H CON/ND ;
CB M Us Fowl River CB M Lsp
Deer River DO H us Coastal Waters
N L uUs around CB M LSDi
P L us Dauphin ksland
SED M CON/ND and Gulf Shores
CL M HM/SI
CB L US
UR: Upstream Runoff
N
otes AG: Agriculture/Pasturcland
2 DO: Dissolved Oxygen b, Low LSD: Land and Subsurface Disposal
N: Nitrogen M: Medium . .
P: Fhosphorus H: High 4Not serious most o.f the year; Powevcr, n.iunng the.‘“"ﬁ‘“
CL: Coliform Bacteria low temperaturc, high flow period bacterial contamination
SED:  Sediment in the River and Bay becomes scrious enough to cause clo-
c sure of the oyster reefs.
us: Urban St?mwu.tf ; €Upstream runoff is probably a combination of urban
b Hydrologic MOd:Iﬁ“mn stormwater from developed arcas and runoff from agri-
SI: Saltwater In on culture/pastureland uses in areas draincd by the River.
S]))N ﬁomtnu:uon fNot serious most of the year with normal deposition of
SE ) ew Development sediment occumring from stream flow; however, during

Stream Erosion

peak flow periods and during dredging and spoil disposal

Notes continued on next page.



Notes continued from Table 14,

activities, deposition of sediment becomes a serious non-
point source problem.

BNot serious most of the year; however, during the winter
low temperature, high flow period, bacterial contamina-
tion in the River and Bay becomes serious enough to cause
closure of the oyster reefs.

hUpstrcam runoff is probably a combination of urban
stormwater from developed areas and runoff from agni-
culture/pastureland uses in arcas drained by the Mobile
River Delta and its tributary streams. Model simulations
showed conclusively that elevated bacterial counts cavsing
closure of the oyster recks did not come from municipal
point sources.

i'l'hcsc nutrients were detected above background levels
during the coursc of the sampling program; however,
they were not in amounts sufficient to cause any viola-
tion of siream standards. Since they could not be traced
Lo any point spurces, it was assumed that they were non-
puint source contrihutions from the agriculoure fpasture-
land activities carried on in the area.

Y Problems associated with bacterial contamination of
coastal waters and resort areas were documented in
recent EPA siudies to cmanate from overloaded and/or
improperly functioning septic tank systems inm these
low-lying areas. It is also believed that such problems
may contribule to the fecal coliform loadings that annually
close the ayster reefs.

POLLUTION LIMITS

The water quality pollution limits are defined
as the quantitics of waste materials that can be
discharged to arecening water body and assimilated
therein without violation of applicable water quality
standurds, Tota] maximum daily loads for an es-
lanine receiving water body are influenced by a
number of factors including: 1) ambient tempera-
tures; 2) hydrawlics; 3) discharge locations; 4) pol-
Lutant concentrations; and 5) water quality stan-
durds. O these, none is probably of more critical
importance 1o the determination of total maxi-
mum daily loads in the Mobile Bay area than dis-
chirge Jocations, Because of the interconnected
muaze ol channels, small crecks, and backwater
ircas in the system, there is an almost unlimited
number of paint source discharge combinations
that could have been investigated for purposes of
establishing optimum  allowable waste loadings.
To cope with this problem, a number of simpli-
fying assumptions were made pertaining to the
purpuse of and the procedures used in assessing the
el maximum daily loads.

_ First of all, it was decided that the total max-
imum daily loads would be determined to provide

only a gencral indication of the level of pollutant
loadings that could be discharged without violating
existing standards, The resulting loads were not
intended to be absolute values with regard to the
allocation of the total loadings to individual point
sources; rathcer, the purpose of the total maximum
daily loads was to serve as a general guideline for
identifying the most practical and fcasible dis-
charge location alternatives for lurther considera-
tion in the waste load allocation process, This
later would result in a refinement of the total
maximum daily loads considering specific and
alternative discharge configuratons and treatment
levels, In this regard, only the presently existing
point source discharge lociations were used in the
total maximum daily [eads determination,

The purpose of this secton is 1o describe the
procedure used 1o develop the total maximum
daily loads, to define the critical hydrologie, tidal,
and metenrologic conditions for which the otal
maximum daily loads were obtained, and to sum-
marize the maximum daily waste loads obtained
for specific streams in the arca.

Procedur

Maximum daily waste {oads lor specific point
source and urban storm water discharges were
developed through application and calibration of
the EFA Dynamic Estuary Model (IDEM) to simu-
late the tidal hydraulics and water quality of
Mobile Bay and us tidal tributaries. Following
application and calibration of the maodel, a series
of trial and crror simulations was completed  to
determine maximum daily waste loads for waste
sources discharging 1o those scgments that the
model indicated were water quality limited using
1977 Best Practicable Treatment (BPT) waste
loads. Maximum daily waste loads were determined
only for those constituents directly related to
violation of a specific numerical water quality
standard, Maximum allowable carbonaceous and
nitrogenous  oxygen demanding loads were de-
termined for those segments with dissolved oxygen
concentrations below applicable standards, Max-
imum allowablc discharge temperatures were
developed for thosc discharges causing thermal
water quality standard violations. Maximum
allowable fecal coliform loads were not developed
because neither point sources, assuming proper
disinfection, nor urban storm water runoff were
responsible for violations of ambient water quality
standards. Such violations, as indicated earlier,
are caused by high fresh water inflows into the
area, Neither were maximum allowable nutrient

loads developed because water quality standards
for nutrients do not exist.



Dynamic Estuary Mode!

Application of the DEM to simulate the hydro-
dynamic and water quality response of a particu-
lar estuary requires development of a segmentation
network to which the equations comprising the
DEM can be applied and solved by a computer.
The network together with the DEM computer
code constitute the model of the estuary.

Two segmentation nctworks were required to
represent receiving waters in the vicinity of urban
Mobile with the degree of spatial resolution desired.
A coarse grid network as depicted in Figures 5 and
6 rtepresented the entire Mobile Bay and Mobile
River Deltu, respectively, with a sysitem of 149
nodes (junctions) interconnected by 267 channels
(links). Because it was not feasible to obtain the
desired spatial resolution for the lower Mobile
River, Three Mile Creek, and Chickasaw Creek with
the coarse grid network, a fine grid network for
these areas was also developed as shown in Figure 7,
with 47 nodes and 49 channels as opposed to the
8 nodes and 7 channels used to represent the same
area on the coarse grid network. Additionally, a
fine grid network was developed for that part of
the Bay in the vicinity of the Theodore Industrial
Park in order to more effectively evaluate alierna-
tive discharge locations {or ¢ffluent from the
Theodore arca. This fine grid network, as illus-
trated in Figure 8, was superimposed over a portion
of Mobile Bay as dcfined by several of the link-node
boundaries of the coarse grid network.

Since storm water runoff loadings were also to
be evaluated, the DEM was modificd to accept
temporally variable storm water loadings. Using
wet weather conditions, a prestorm steady-state
water quality simulation was first obtained. Using
these wet weather prestorm cquilibrium conditions
as a starting point, storm water runoff from an
intensc, short duration storm "was introduced into
the model. The simulation continued until the
transicnt water quality effects caused by the
storm water loads had dissipated,

Critical Conditions for Simulations

Receiving water quality effects of pollutant
discharges are greatly influenced by environmental
conditions—tidal range, fresh water discharges, and
meteorology—prevailing at the time of discharge.
The mean annual tide at the Main Pass witha 0.39 m
(1.3 foot) range was used to drive both the dry and
wet weather hydraulic simulations. Ambient
temperature simulations for both the dry and wet
weather cases were based on average meteorologi-
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cal conditions observed during July 1976 at the
Mobile airport. Since the Alabama State water
quality criteria require use of the minimum 7-day
low flow that occurs once in ten years as the basis
for design criteria, inflows from fresh water tribu-
tarics to Mobile Bay were set at their 7-day 10-year
low flow (Q,, o) values for the dry weather
simulations, Use of Q., , flows for the wet
weather  simulations were considered inappro-
priately severe; therefore, these inflows were
doubled for the wet weather simulations.

Baseline Simulati

A series of baseline or no-action simulations
was completed to project water quality assuming
that Best Practicable Trcatment (BPT) for in-
dustrial discharges and secondary treatment for
municipal discharges would be attained, but that
no additional water quality regulatory action
would be taken. The baseline wet weather simula-
tions also assumed no action would be taken to
control urban storm water ranoff loadings. Two
sets of dry and wet weather baseline simulations
were completed, one for 1977 and the other for
projected year 2000 conditions. From the results
of the 2000 baseline simulations, estuarine seg-
ments with simulated water quality in violation
of applicable water quality standards were identi-
fied and used for further analysis.

Dy Weather Conditions

The dry weathcr bascline simulations indicated
that violations of water quality standards due to
point source discharges werc limited with one ex-
ception to the vicinity of the urban Mobile area
covered by the lower Mobile River fine grid model
segmentation. Figure 9 illustrates that simulated
BOD, concentrations exceeding 0.2 mgfl are found
only in the vicinity of urban Mobile and near the
ocean boundaries, while BOD; concentrations
over most of the Bay are quitc fow. This is inter-
preted as meaning that direct impacts of point
sources on Mobile Bay water quality and, in par-
ticular, on dissolved oxygen concentrations, arc
negligible except in the northwest comer of the
Bay where poorer water quality from the Mobile
River entered the Bay. The area of direct influence
of point source discharges simply does not extend
much beyond the mouth of the Mobile River.

Violations of applicable dissolved oxygen
standards due to point sources were simulated
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Figure 9. Simulated Distribution of BOD, Originating from
Point Sources and Boundaries..mg/l,

in Three Mile Creck, Chickasaw Creek, and in the
northwest corner of Mobile Bay just below the
mouth of the Mobile River. Figure 10 illustrates
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Figure 18.  Simulateq Current and No-action Future

Dissolved Oxygen, Profiles in Chickasaw Creek-Dry
Weather,

simulated dissolved oxygen concentrations in
Chickasaw Creek at low and high tide in Tesponse
to current {1977) and future (2000} baseline load-
ings. The 2.0 mg/l dissolved oxygen standard apphi-
cable downstream from Shell Bayou (River Mile
2.8) is violated as is the 5.0 mg/l standard applica-
ble upstream from Shell Bayou. Clearly vEIy poor
water quality in Chickasaw Creek currently occurs
and will continue to occur if point sources receive
only BPT,

In Three Mile Creck, simulated dissolved
OXygen concentrations with the bascline loadings
were also in violation of water quality standards.
Complete depletion of dissolved UXygen was simu-
lated over most of the creek. The maximum dis-
solved oxygen concentration simulated was less
than 2.0 mg/l, considerably below the 3.0 mgfi
standard.

The 3.0 mg/l dissolved oxygen standard in the
lower Mobile River was not violated using BPT
loadings as indicated in Figure 11, However, results
from the coarse grid model did indicate that the
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Figure 11. Simulated Current and No-action Future
Dissolved Oxygen. Profiles in the Mobile River—Duy
Weather,

5.0 mg/l standard applicable in Mobile Bay was
violated over a short reach immediatcly below the
mouth of the Mobile River,

In all other locations, no dissolved OXygen
standards violations due to point source discharges
were simulated. However, the simulations did
indicate that in some areas natural processes will,
under critical conditions, lower ambient dissolved
OXygen concentrations below 5.0 mg/l. :

Violations of thermal water quality standards
using the baseline loadings were simulated due to
cooling water discharges from two electrical gen-
erating facilitics, the Chickasaw Steam Plant

‘»



located on Chickasaw Creek, and the Barry Steam
Plant located on the upper Mobile River. Stmulated
temperatures in cach case violated both aspects
of the temperature standard allowing maximum
temperatures of 32,2°C (90°F) and maximum tem-
perature increases of 2.8°C (5.0°F) above natural
background.

Wat Weather Conditions

The wet weather baseline simulations were
intended to demonstrate the effects of urban
storm water runoffl from the critical 1-inch, l-hour
storm on cstuarine water gquality. Water quality ef-
fects of the urban storm water loadings gencrated
with the STORM model previously discussed were
analyzed using the DEM for current (1977) and
projected {2000) land use conditions. Results of
simulatiens indicate that urban storm water loads
are not responsible for violations of water quality
standards in arcas where watcr quality standards
were attained during dry weather. However, the
wet weather loadings increased water quality prob-
lems caused by dry weather bascline waste loads.
Dissolved oxygen concentrations are depressed in
Chickasaw Creck duc to the storm water loads. Dis-
solved oxygen concentrations in the Mobile River
are almost unaffected by the storm water loads.

Figure 12 illustrates dissolved oxygen responses in
Three Mile Creek to the critical storm loads. At
8
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Figute 12. Three-Mile Creek Simulated Cuwrent and No-
action Future Dissolved Oxygen Responscs to Onc Inch,
Oune Hour Storm.

node 15, located at the mouth of Three Mile Creek,
the storm causes anaerobic conditions to develop
within hours after the storm. Upstream at node 22,
dissolved oxygen concentrations temporarily in-
crease to almost 7.0 mg/fl due to the oxygenated
runoff entering the Estuary. Development of anaer-
obic conditions rapidly follows.

The winter wet weather bascline simulations
indicated that urban storm water discharges
would elevate fecal coliform concentrations to
170 MPN/100 ml in Chickasaw Creek, 810 MPN/
100 ml in Three Mile Creek, and 220 MPN/100 mi
in Dog River. Only the Dog River concentration is
in violation of present standards. It should be
noted again that the simulations indicate that
neither urban storm water nor adequately disin-
fected point source discharges arc responsible for
the relatively high levels of fecal coliform bacteria.
Both of these sources are relatively small compared
to the loadings from upstream runoff.

Maximyum Allowable Waste Loads

Following identification of those areas where
secondary and BPT point source discharges or
urban stormwater runoff loadings were responsible
for violations of water quality standards, a series
of simulations was performed to determine the
fcvels of point source and urban stormwater
toadings that would provide for the attainment of
ambicnt water quality standards under critical
conditions. It should be emphasized that these
pollution limits were derived for the existing
outfall configuration. Alternative outfall configura-
tions and treatment levels were evaluated later
in the modeling process.

Three Mile Creek

During dry weather, the water quality in Three
Mile Creek is principally affected by discharges
from the Grover Street and Three Mile Creek
sewage treatment plants, The simulations indicated
that the 3.0 mg/fl dissolved oxygen standard for the
Creek could be met if the combined total oxygen
demand from these two plants was limited to
526 kg/{day (1180 lbs/day) at their projected year
2000 flow rates. This total includes both ultimate
carbonacecus and nitrogenous biochemical oxygen
demand,

Even if point source loads arc constrained to
these limits, urban storm water nunoff would still
create anaerobic conditions in Three Mile Creek
annually or more frequently. Reduction of storm
water oxygen demanding loads from the critical
storm to approximately 65 percent of uncontrolled
loads would be required to maintain the 3.0 mg/l
dissolved oxvgen standard at all locations in the
Creck, This corresponds to a total ultimate car-
bonaceous and mnitrogenous oxygen demand of
3000 kg (6600 bs) per critical storm event.



Chickasaw Creek

Water guality in Chickasaw Creek 18 pnmanly
affected by waste water discharges from the P',xght
Mile Creek sewage treatment plant and the Chicka-
saw Lagoon, and from International Paper) C(}r'n.-
pany which discharges into Hog Bayou. The maxi-
mum daily load simulations indicated that the two
municipal treatment plants must be constrained
to a maximum carbonaceous and nitrogenous oxy-
gen demanding load of 159 kg/day (350 lbs{dfay) at
their projected flow rates to meet the applicable
5.0 mg/l dissolved oxygen standard for the reaches
of the Creek where these discharges are located.

The total maximum daily oxygen demanding
load required to attain the 2.0 mg/l dissolved
oxygen standard in Hog Bayou is approximately
249 kgfday (550 Ibsfday). With point sources con-
strained to these limits, no allocanon for urban
storm water loads is nccessary, since projected
storm water loads do not cause violations of water
quality standards in Chickasaw Creck.

Mobile River

Maximum allowable daily loads to the Mobge
River are not constrained by the dissolved oxygen
standards designated for the various reaches of the
River. The only simulated water quality violation
along the upper River resulted from the Barry
Steam Plant cooling water discharge. The maxi-
mum daily load simulations indicated that the
temperature increase in the cooling water must
be limited to 7.5°C (45.5°F) under critical con-
ditions if the thermal water quality standards for
the River arc to be attained.

Mobile Bay

Twao arcas in Mobile Bay were of direct concern
in the analysis of the total maximum daily loads:
1) the area immediately south of the Mobile River
mouth; and 2) the area adjacent to the proposed
outfall from the Theodore Industrial Park, Viola-
tions of the 5.0 mgfl dissolved oxygen standard
were indicated at the point where the Mobile River,
with a DO standard of 5.0 mgfl, enters Mobile
Bay. The violations did not exceed 0.5 mg/l and
were attributed to the abrupt change in standard at
the point of definition of the mouth of Mobile
River—the foot of Government Street. The viola-
tion occurred only along this reach from the foot
of Government Street to Choctaw Point, which is
really a part of the River rather than a part of the

Bay, No wuste load wts dL“-'t‘lUped for this
affected arey. R';uh(':'. It Wds recommended that d,
mouth uf the River be defined as Choctaw Poing

Analysis of the propused Theodore Iﬂduml-ja]
Park outfall was cnndulc::cd 0 two phases, fiy
aternative outiall Tocations were evaluated y
the mathematicad model, and then further evalualeg
using the (:‘,”-P\ t{t E ng_inuvr.c’ physical maodel,

Evaluation of the 11\.'(‘ a[[urnalme discharge Sites
selected  was accomplished  with the Dyvnam:
Estuany Model {DEAD using the se o

L - X gmentation net.
works previously deseribed in Figures 5 and 8. The
coarse ynd neiwork was altered slightly to refle
the addition of a spoil istand and the dredge]
Theodore Ship Channel.

The water gquality (mass transport) module of
the DEM was applicd to simulate the dispersion of
conservaus e {racer) constituents discharged fron
the five sites. Initial concentrations of the congr
valive tracers in all Junctions were set at zeto,
Two mass transport simulation runs were ma,
ore showing the effects of inital release of the
tracer constituents at low stack water and the other
showing the effects of initial tracer release at high
slack water. The simulated tracer discharge to eah
site was 142 m¥ fsee (5.0 cfs) with a concentration
of 30,000 my/i, comesponding o a mass emission
fate of approximately 366,000 kg/day (807,000
Ibsfday). The sites were also evaluated on the
Physical model of Mobile Bay maintained by the
Corps of Engincers a1 the Waterways Experiment
Station in Vicksburya, Mississippi. Dye relcases wer
made atr cach outtall location and resulting dis
PETSinn patterns were observed under the same
ambicnt conditions as those used in the mathe
matical maodcling. Based on the results of thex
IWo modeling efforts and considering the ultimate
fate of the plumes with regard to known existing
oyster reefs, the A-3 outfall was recommended
s the optimum discharge location. Simulations of
the water quality cffects of this recommended
outfall did not reveal any significant effects, ad
changes in constituent concentrations as a resit
of the proposed discharge were negligible. Calew
lations were performed for both conservative
reactive parameters in order to determine the rangt
of concentrations that would result from the ?ﬂ'“‘]
anticipated users of the pipeline. This analysis %3
further extended in the mathematical and physicdl
modeling to determine the maximum allows!
daily loads that would achieve water quality
Standards for protection of shellfishing waters. '
Simulations indicated that the maximum &
Onacegus and nitrogenous oxygen deman
load at the point of discharge to attain the 5.07
dissolved oxygen standard would be approximat



4535 kg/day (10,000 Ibs/day). In addition, a total
coliform count of 1000 MPN/100 ml and a fecal
coliform count of 200 MPN/100 m] would be the
constraining loads necessary to mect the shellfish
harvesting standard,

Daer River

The baseline simulations previously deseribed
did not include water quality projections for Deer
River after construction of the Theodore Industrial
Park and Ship Channel. However, a series of simu-
lations was conducted to project water quality in
the ship channel following project construction
and to develop maximum allowable waste loads.
The waste load allocation was structured n four
parts: 1} development of a segmentation network
for the DEM to represent the land cut portion of
the Theodore Ship Channel and barge canal exten-
sion; 2) development of average annual and critical
event storm water runoff loadings to the channel;
3) selection of values for key dissolved oxygen
budget parameters; and 4)simulation of storm
water runcfi cffects,

The segmentation network used to represent
the ship channel is schematically shown in Figure
13. Average annual and critical storm water runo{f
loadings were developed using the storm water load
generation model (STORM). The hydraulic and
water gquality modules of the DEM were operated
to simulate ambient dissolved oxygen levels in the
ship channel under three conditions: 1) without
either point source or storm water runoff loadings;
2) with average annual storm water loadings
treated as a continuous point source; and 3} with
time variant Joadings generated for the critical
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Figure 13, Segmentation Network for the Theodore Land-
cut Ship Channel.

storm. Table 15 presents the results of the waste
load allocation for the inland portien of the ship
channel. In summary, the simulations indicated
that even if point and neonpoint source loads are
cxcluded from the land cut portion of the ship
channe!, dissolved oxygen concentrations below
the 5.0 mg/l standard are expected due to benthic
uptake of dissolved oxygen and the extremely
low mixing, flushing and reaeration that can be
expected.

DATA GAPS AND LIMITATIONS

Several significant data gaps and limitations
should be recognized in connection with the water
quality assessment and mathematical modeling
performed in this study.

1) The analyses, evaluations and recommenda-
tions of the study are based strictly on sampling
in the water column. No account was taken of
waste deposits in bottom samples, especially the

Table 15. Theodore Ship Channel Waste Load Allocation Summary

Node Reaeration Dissolved Oxygen Reaeration Equivalent Excess Demandst
Coeflicient Reaeration Rate Benthic Uptake Deficit* BOD; NH,
dag«"l mg/l-day lbsfday g,."m2 -day Ihsfday Ibs/day Ibajday Ibs/day
3 0.06 0.15% 407 1.6 659 252 169 55
4 0.06 0.1% 463 1.6 752 289 194 63
5 0.06 0.15 585 1.6 851 36 245 80
6 0.05 0.13 374 1.6 610 236 158 52
7 0.06 0.15 232 1.6 377 145 97 32
g 0.17 (.48 100 1.6 159 59 39 i3
9 0.17 0.48 114 1.6 175 65 44 14
10 0.17 0.48 97 1.6 154 57 38 13

*Benthic uptake less reacration rate, External dissolved axygen demands not considered.

¥ Reacration defici* cxpressed as an equivalent amount of 5-day BOD excrtion or ammonia nitrification.
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poiential deposition of heavyj nllctals. L ond

2) Water quality stress limits are assessed Only
in terms of meeting the State water quality
standards. ]

3) The methodology emplo}_'f-‘d in_the non-
point source assessment resulted in the a}::!JllCﬁ_lllUR
of nonpoint source loadings from the typical
catchments actually sampled to simlln land use
types throughout the Mobile/Baldwm area. A more
accurate assessment of the nonpoint source m-
pacts from a particular area would require site
specific sampling, _

4) There is a paucity of data available on the
benthic oxygen uptake rates in the Mobile Bay
and Mobile Delta area. Further study should be
done in this regard. _

5} No biological sampling and analysis was
done in this study, and, to our knowledge, very
little biotogical data exists on a wide-scale basis for
the Bay area.

6) There are definite limitations that shouid be
tuken into account in the interpretation and appli-
cation of the mathematical model simulation
results. It should be noted that the model repre-
sents the prototype as a scries of well-mixed
rcactors between which both water and constituent
mass arc transferred as a function of concentration
gradients and relative heads. However, the well-
mixed assumption does not hold along the lower
Mobile River and dredged portions of Chickasaw
Creck and Three Mile Creek due to strong strati-
fication associated with the salt water wedge up
the Mobile Ship Channel. The water quality simu-
lation results in these areas are at best an average
of the sharply different levels of water quality
above and below the halocline. It should be recog-
nized that poor water quality in the salt water
wedge will persist regardless of the point source
pallution control strategy applied.

7) A more spatially detailed segmentation net-
work for the model, especially in the vicinity of
potentially serious point source impacts, could
reveal water quality effects that are impossible to
simulate with the coarse grid segmentation used as
the basis for the modeling work done in this study,

8) Pollutant accumulation rates and, therefore,
storm  water runoff loads used to accurately
calibrate the STORM model for commetcial and
residcn_tial land uses were smaller than reported
values in the literature {or other urban areas,

’ 9) The behavior of effluent plumes under vary-
ing hydrographic conditions in the Bay and Delta
has not been studied in great detail. Because the
hydrography of the area waters is dynamic and
complex, and effluent plumes could behave in a
number of different ways, the specific impacts
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of wastes discharged at any given poing canng;
stated with certainty, Our study was limiteq 3
its analysis to an cvaluation of only gpe hydre.
dynamic regime buscd O a4 non-stratified Waier
condition and 4 surtacmg plume. Acuy fieg
studies should be performed under g possibje
hydrodynamic regimes 1n order 1o MOre cop,
pletchy assess the impacts of effluent wastes g
the receiving walters,

10) Application  of  dispersion formulati
requires the determination  of many  equatjp
parameters. At present, for Mobile Bay, there
no determined values for these paramerers and
estimates bascd on assumptions and literagy
values must be utilized in calculating dispersigg
effects of wastes in receiving waters,

MANAGEMENT RECOMMENDATIONS

The following quantitative and qualitative sjte
specific management recommendations are baged
on the findings of this study.

1} The muansgement of sanitary point source
discharges should continue to be the responsibility
of the local municipal authorities presently per
mitted for such discharges. All sanitary waste treat
ment plants in the area should meet seconday
or better levels of treatment, and future pemit
conditions for each facility should be based on the
waste load allocation required to meet water
quality standards for discharge 1o receiving streams
as determined in this study or in the AWIC Basin
Plans and summurized in Table 16.

2) The management of industrial point soure
discharges should continue to be the responsibility
of the industries presently permitted for such
discharges. All industrial waste treatment plants
should meet BPT levels of treatment immediately.
Permit conditions for each industrial discharg
after 1983 should be based on the waste load
allocation required tv mect water quality standards
for discharge to receiving streams as determined
in this study or in the¢ AWIC Basin Plans ad
summarized in Table 16.

* 3) Intemational Paper Company should rele
cate its discharge to the Mobile River by 1983, ané
discharge should be permitted at present treanr!.lt:'l'll
levels since water quality in the River is insensit®
to higher levels of treatment. Other industna
point sources discharging to Chickasaw Creek
Three Mile Creek must cither connect to santtay
sewer systems or meet BPT treatment by 1983.

4) No point sources containing process waste
water should be permitted to discharge to Bayou



Table 16. Waste Load Allocations for Area Dischargers, Year 20040,

Discharger

2000(®)
Flow
(mgd)

2000
Population

Effluent

BOD; CBOD, NBOD, UOD Ammonia DO

Remarks

Causeway Seafood

McDuffie Island $TP

International Paper
Bag Pk.
{Discharge 001}

Fairhope STP

Grand Hote!l

Bill Ziebach STP

Bayou La Batre 5TP
{Discharge is to
Portersville Bay)

Patronnas Seafood
{Discharge is to
Aloe Bay)

Dauphin Island STP
{Discharge is to
Aloc Bay)

STREAM SEGMENT: MOBILE BAY (MS-] 25)

N/A 0001 (d)? (a)? @ @ (a) (@?

141,653 280k} 30 4 90 1350 g 3

N/A 0001  (d)? @? (@)?

12,285 2.00% 30 a3 90 1530) 2 2

N/A 30 45 o0 138 o 2

g,270 2.00%) 30 a5 90 138(®) 29 3

7,606 1.00'K) 30 a5 a0 138(P) ¢ 2

N/A 0.001 (e} {€) (c) (¢) (<) (e)

1,280(1) 0487 30 45 o0 1380 20 5

57

Based on sewer secrvice
being provided to the
causeway by 1983, Must
connect to McDuffie
Isiand STP.

NPDES Permit is basis of
aliocation shown—upon
completion of expansion
in Feh, 1978 facility
adequate *‘as is."

NPDES Permit is basis
of allocation shown—

discharge to McDuffie
Island STP,

Mechanical system —treat-
ment level 1 required -
facility satisfactory *‘as
is.” (p)

Private mechanical sys-
tem—treatment level 1
required. (p)

NPDES Permit is basis
of allocation shown.
Mechanical system—
treatment level 1 re-
quired—facility satis-
factory “as is.” (p)

NPDES Permit is basis
of allocation shown-
design capacity adcquate
to 1983 when upgrade
to level 4-a should be
accomplished.

NPDES Perm:t is basis
of allacation shown.
BAT treatment required
in 1983 or connection
to Dauphin Istand STP.

NPDES Permit effluent
lirnits not established
yet—treatment fevel 1
required. Any future
treatment would re-
quire npgrade (o treat-
ment level 4-a. (p)




Table 16. Waste Load Allocations for Arca Dischargers, Yeat 2000, {Continucd)

2000{3)
2060 Flow Effluent
Discharger Population  {mpgd) BOD; CBOD, NBOD, UOD Ammonia 314 Remarks
Mallon Scafood NiA 0.001 () (e) (e} (e} (e} (e} NFPDES Permit is basis
{Discharge is 10 of allocation lhownT
Aloe Bay) BAT treatment required
in 1983 or connectian
1o Dauphin Island STP.
Water Front Seafood  NJA 0.110 - Nene -Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown {o}
LaForce Seafeod NjA 0.01 - None —Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown- {o)
Scafood Haven N{A 1.005 - None-Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown. (o}
Ramos Shrimp Co. N/A 0.03 - Nonc—Must connect to New Bayou La Batre STP, NPDES Permit is basis
for allacation shown. {o}
Blue Gulf Seafoad NJA 0.004 - Nonc—Must connect to New Bayou La Batre STP., NPDES Permit is basis
for allocation shown, (o)
Henry Johnson
Seafood NjA 0.008 - None—Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown. {o)
Mexican Gulf
Fishericy NiA 0.01 - None—Must connect to New Bayou Lz Batre STP. NPDES Permit is basis
far allocation shown. (o)
Waters Scafood NjA {f) - None—Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown. {o)
Sieiner Shrimp N/A 0046 - None—Must connect to New Bayou La Batre STP. NPDES Permit is basis
far allocation shown. {a}
Lyon Seafood Ca, N/A 0.01 - None—Must connect to New Bayou La Batre STP, NPDES Permit is basis for
allocation shown. {0}
Gulf's Best Seafood N{A 0.01 - None—Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown. {o)
Stark Scafvod NiA 0.001 - None—Must connect to New Bayou La Batre STP, NPDES Permit is basis for
allocation shown, (o}
Quaiity Foods, Inc. N/A 0.432 - None—Must connect to New Bayou La Batre STP. NPDES Permit is baxis
for allocation shown. (o}
Joes Seafood Co. N/A 0.007 - Nonc—Must connect to New Bayou La Batre STP, NPDES Permit is bases
for allocation shown., {o)
[
ndependent Seafood  N/A 0.01 « None—Must connect to New Bayou La Batre STP, NPDES Permit is basis

for allocation shown. {0}



Table 16, Waste Load Allocations for Area Dischargers, Year 2000. {Continued)

2000
2000 Flow Effluent
Discharger Pepulation  (mgd) BOD,; CBOD, NBOD, UOD Ammonia Do Remarks

Sieeles Seafood N/A 0.001 - Nonc—Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown. (o)

Seaman Fisheries NIA 0.025 - Nonc Must connect ta New Bayow La Batre STP, NFPDES Permit is basis
for allocation shown. (o)

Sea Pearl Seafood NiA 0.01 - None - Must connect to New Bavou La Ba‘re STP. NFDES Permit is basis
for allocation shown. {o]

Bryant Seafood N{A 0.01 - None--Must connect 1o New Bayou La Baire STP. NPDES Permii is basis

for allocation shown. {o)

STREAM SEGMENT: MOBILE RIVER {MS-1)
Scott Paper, Sawmill

Sawmill “D" NIA 0787 () {e) (€) () (e] te}  NPDES Permit is basis of
allocation shown- -cooling
water, {o)
Searcy Hospital N/A 0360 30 45 18 g3tc) 4 2 NPDES Permit effluent

limits nat established
vet treatment level |
required - private lagoon
system discharge 10
Cedar Creek. (p)

Barry Steam Plant -

Alabama Power Co, N/A 1,156.0 {e) {e) e} {e} {e) {¢) NPDES Permit 15 basis

{Disch. 1) of allecation shown -
cooling water.

Barry Steam Plant—

Alabama Power Co, NiA 27.8 {e) {e) {e) {ed el {e) NEDLS Peomit ts basis

[Disch. 002) af allocation shown—
ash pond discharge.

Georgia Pacific NJA {f} (e) {e) (e) {e) {el (e} NPDES Permit is basiy
of allocation shown -
cooling water discharge
to Cedar Creek,

STREAM SEGMENT: MOBILE RIVER (MS5-2)

Virginia Chemicals NYA 0.13 (€] {c) (e) 3 {e) {c) NPDES Permit is basts
{Disch, 001} of allocation shown
cooling water o}
Virginia Chemicals NfA 0.278  200%#; (e} {e} (e) F70#/ 3] NPDES Permit is basis
{Disch. 0G2) day day of aliocation shown

with relocation of dis-
charge to Mobile River
by August 24, 1978, {a)



BOD, CBOD, NBOD,

Effluent

LoD Ammonia DO

Remarks

2000(2)
2000 Flow
Discharger Population (mgd)
Stauffer Chemical
Co. —Bucks NIA 0.196 {c}
(Disch. 001)
Stauffer Chemical
Co.—Axis NiA 1.40 300/
{Disch, 001) day
Halby Chemical NiA 0.02 (¢}
tDisch. 001}
Courtaulds North
America NiA B.20 24754/
day
Shell Chemical
Company N/A 0113 438w/

Aluminum Com-
pany of America
{Disch. 001)

Miller Transporters

Chevrop Asphalt

Sheill Oil Company
{Disch. 001 & 002)

Texaco (Disch, 001 }

NiA

N/A

Nja

NfA

N{A

day

c} (e} {e)

(¢} {e) (e}

(c) (e) {e)

(e) @) (e)

Fi

e} (e} (e)

{e) e}
(e) (e}
0.33#; {e)
day
(e) (e}

{e) (e)

STREAM SEGMENT; THREE MILE CREEK (MS5-3)

0.826  (m)

{f {e)
0.325 {m}
0.017 (o)
0.002 ()

(m}) (m} (m)

{e} (e) {e}

@} (m) m

(e) {C) [c)

{e) (e} 3]
60

im} {m)
(e) {c}
(m) {(m)
(e) (e)
{e) (e)

e ———

NPDES Permjy is bagy
of allocation shown-
B.—\Ttrcalmcm e
quired in 1983,

NPDES Permi; 15 basi;
of allocatjon shown—
BAT treaimeny Fequing
in 1983%,

NPDES Permir i basis
of allocation shown-

BAT treatmen required
i 1983, {o)

NPDES Permit is hagis
of allocation shown—
BAT treatment required
in 1983,

NPDES Permit is basis
of allocation shown-
BAT treatmem requing
in 1983,

Allocation for this dis
charger based on elim
nation of process waste
water discharge after
Juty 1, 1977 cooling
water anly.

NPDLES Permit is basis
of allocation shown-
BAT treatment required
in 1983 or connection
to STP.

Allocation for this dis
charger based on BFT
Guidelines.

Based on NPDES Fermit-
BAT treatment requited
in 1983. Disch. 001 i
stormwater discharge.

NPDES Permit is basis
of allocation shown.
Starmwater discharge-



Table 16. Waste Load Allocations for Area Dischargers, Year 2000, {Continued}

2000(2)
2000 Flow Efflucnt
Discharger Population  (mgd} BOD; CBOD, NBOD, UOD Ammonia DO Remarks
Union Chemical
Div. Union Oil N/A (f) (€} (o) (¢) {e) c) {¢)  NPDES Permit is basis
{Disch. 001) of allocation shown,
Stormwaicr discharge.
Kaiser Aluminum &
Chemical A 2.254 (e} (e) {c} 3] (e} (c) NPDES Permit is basis
(Disch. 001} of allocation shown -
discharge is from tank
fabrication and occurs
once per monh,
Gulf Oil Company N{A (f) () (e} {(e) (e) () (3] NPDES Permit is basis
of aliocation shown.
Stormwater discharge,
Amerada Hess N{A £3) {e) (&) (e) {e} {c) 3] NPDES Permit is basis
{Dsch, 001 & 002) of allocation shown.
Discharge 001 s starm
waler,
Ideal Cement Company N/A 0.980 (e} (e} {e} {e) {e) {3] NPDES Permin is basis
{Disch. 001 & 002) of allocation shown—
Cooling water and storm-
water discharge.
Triangle Refinery—
Choctaw Pt. N/A {f} {e) {c} {e) {e} {e) {e) NPDES Permit is basis
{Disch. 001) ol allocation shown--
Stormwater discharge,
Triangle Refinery—
Blakely Is. N/A 0.001 {e) (e} (e) {e) (e} (e} NPDES Permir is basis
{Disch. 001) of allocation shown—
Stormwater discharge.
American 04l N/A 0.0002 (¢} (e} (e) {e) {c} {e) NPDES Permit is basis
{Disch. 001) of allocation shown -
Stormwater discharge.
Alabama Dry
Docks N/A 0,42 {e) ] {e} {e) (e} {e) NPDES Permit is basis
of allocation shown—
cooling waler discharge.
Southern Railway
System N/A () 30 (e) (e) {e) (e} (¢) NPDES Permit is basis
of allocation shown—
BAT treatment required
in 1983 or connection
to STP,
Alabama Wood
Treating Corp. N/A 0.12 () (e) {e) {e) (e} (e} NPDES Permit is basis
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of allscation shown—
BAT treatment required
in 1983,



lablc b, Waste Load Allocations tor Area Dischargers, Year 2000, (Continued)

T

2000(2)
2000 Flow Effluent
Discharger Population  (mgd) BOD; CBOD, NBOD, LUOD Ammonia o Remarks
———
Scott Paper Company N/A 7640 22,177%/ () (&)  fe) te) ¥} Based on Nppgs
day for discharge 14 the
Mabhile River, BAT tray.
ment required iy 1983,
North Mobile
Industrial WWTP  N/A 34.630 15,8620/ (o) e e} te} t) NPDES Permit iy
day of ailocation shown.
BAT treaimen: requing
tn 1983 for relocaeq
discharge.
North Mobile
Regional STP Na o 83 50 4 %0 133th) o 3 Allocation based on g
(combines Prichard Eight Mile STP, Saraland STP and Satsuma Sewer Service Arcas} charge 1o Mobile Rivy
=§ Segment classified A 4]
5 {MS-3) ().
i Prichard Grover
. Strect STP 27,443 a0®) g9 45 90 133t} o 3 Allocation based on

meeting A & [ stapdard
im Maobile River {j).

Three Mile Creek
STP 82,530 100K) 35 45 90 133'8) o 3 Allocation based o1

meeting A & [ standird
in Mabile River (i).

STREAM SEGMENT: THREE MILE CREEK {MS-4)

Star Fish & Oyster N/A 0.288 {e) ie) {e) ie} te) tey NPDES Permit is basi
of allocation shown-
BAT treatment required
in 1983 or connection
to STP.

tinois Gulf

Central RR N/A 0.007 30 (e} (e} ic) te) (e) NPDES Permit is bass
of allocation shown-—
BAT treatment required
in 1983 or connection
to STP.

Frisco RR NfA 0.002 30 (e} (e) (e) (e} (e} NPDES Permit is bass
of allocation shown-
BAT treatment reguired
in 1983 or connectios
to STP.

Crown Zellerbach N/a 0.001 {e) {c) {c) (e} (e} (e} NPDES Permit is bass

of allocation shown—
BAT trearment reqé
in 1983,



Table 16. Waste Load Allocations for Area Dischargers, Year 2000. (Continued)

2000(2)
2000 Flow Effluent
Discharger  Population  {mgd) BOD; CBOD, NBOD, UOD Ammonia DO Remarks
Stone Container
Forp_ NfA 0.02 50mf (e) (e) (e) (e} {e) NPDES Permit is basis
{Disch. ¢01) day of allocation shown—
BAT treatment required
in 1983,
Stone Container )
Corp. N/A 0.15 {e) {e) {e} (e} {e) (e} NFDES Permit is basis
{Disch. 002) of allocation shown—

coaling water discharge.

Prichard Grover
Street STP 27,443 408 ;5 75 45 7B 1 3 Based on meeting A & 1
standard in Threemile
Creek see allocation
for relocation to Mobile
River.

Three Mile Creck
STP 82,530 100K 5 7.5 45 7 1 3 Based on meeting A & I
standard in Threemile
Creek - see atlpcation for
relocation to Mobile

River.
Maobile Rosin
0il Co. Na o 0ot® @ @ @ @) {d)? (d  Allocation based on
{Disch. 001) AWIC approval for dis-
charge to Threemile
Creek STP,

Alabama Dept.
of Conscrvation NfA {(f) €] (e} {e) {c} {e} {e} NPDLS Permit is basis
of allocation shown -~
discharge is from experi-
mental fish ponds.

Gulf Lumber
Company N/A 0.00% {c) {e) (e} {e) {e) {e} NPDES Permit is basis
of allocation shown—
cooling water discharge,

STREAM SEGMENT: CHICKASAW CREEK (MS-5)

Alabama Power—

Chickasaw Plant Nia  213.0 (c) (c) {e) (e) (<) {e) NPDES Pf.-rmit is basis
{Disch. 001) of allocation shown—

this plant is used only
for emergency power
generation.



Table 16, Waste Load Allocations for Area Dischargers, Year 2000, (Continued)

2000
2600 Flow Effluent
Discharger Population (mgd} BOD; CBOD, NEBOD, UOD Ammonia DO Remarks
Alabama Fawer—
Chickasaw Plant N/A 0.33 {e) {e) {e) {e} (e} (e) NPDES Permit is basis
(Disch. 002) of allucation shown -—this
plant is used only for
EMENgENcy PoOwer gencra-
tion.
Union Carbige NfA 1.817 (3] (e} ] (e} (e} {e} NPDES Permit is basis
{Disch. 003) of allocation shown—
BAT treatment required
in 1983 or connection
ta No. Mobile Industrial
WWTP,
Diamond Shamrock NiA 0,135 (e} {e} {e} (e} () {e) NPDES Permit is basis
(Disch. 0411) of allocation shown—
BAT treatment required
in 1983 or connection
to No. Mobile Industrial
WWTP.
Diamond Shamrock N/A 1.00% (e} (e) {e) {e) (e} 13 NFPDES Permit is basis
(Disch. 002) of allocation shown—
cooling water,
Kagle Chemical
Company NiA 0.21 (<) (¢) {e) {e) (e) i€ NPDES Permit is basis
of allocation shown-—
BAT treatment required
in 1983 or connection
to No. Mobile Industrial
WWTP,
[Inernational Paper
D.(“_’;““‘"f‘*’ NIA 332 @ @ @ @ {d' (d)'  NPDES Permit is basis
(Disch. 012) of allocation shawn.
International Paper
Company N/A - 250 {e) (e} {e) (&) (e) (e} NPDES Permit is basis
{Disch. 018) )
of allpcation shown—
cooling water.
North Mobile
Industri; : : k
ndustrial WWTP Nia o 34.68K) 9504, (o) (€) (e) () (¢} Based on mecting
day Navigation Standard in
Hog Bayou—see allo-
cation for relocation ta
Mobile River,
menean Cyanamid — N/A - 0.63 e} (o) (e) {e) (c) (€) NPDES Permit is basis
{Disch. 001) .
of allocation shown—
cooling water,
64




Table 16. Waste Load Allocations for Arca Dischargers, Year 2000. (Continued)

Discharger

2000

Population

2000(2)
Flow
{mgd)

BOD; CBOD, NBOD,

UOD Ammonia

Effluent
Do

Remarks

American Cyanamid
{Disch. 002)

Thompson Hayward
Chemical
(Disch. 001)

Thempson Hayward
Chemical
{Disch. 002)

Thompson Hayward
Chemical
(Disch. 003)

Hog Bayou STP

Chickasaw Lagoon

Prichard Eight-
mile Creek STP

NiA

N/A

N/A

N/A

3,500

9,600

22,188

0.30 (!

0.006  (e)

0.001  (e)

0.001  {c)

0.35(k) 30

1.50kb 39

STREAM SEGMENT: EIGHTMILE CREEK (MS-39).

2,22 3

(@'

()

(e)

45

45

4.5

(!

(e)

{e)

(e)

90

18

4.5

(@"

{e)

(e)

(e)

133(0)

61 ()

4(b)

(d)’

{e)

{e)

(e}

4 .

()’

{c)

{e)

(e

Based on AWIC approval
for discharge into No.
Mobile Industrial WWTP.

NPDES Permit is basis
of allocation shown—
BAT treatment required
in 1983 or connection
10 No. Mobile Industrial
WWTP.

NPDES Permit is basis
of allocation shown -
BAT weatment required
in 1983 or connection
10 No. Mobile Industrial
WWTP,

NPDES Permit is basis
of allocation shown—
BAT treatrnent required
in 1983 or connection
te No. Mobile Industrial
WWTP.

Based on Nav, Standard
with discharge 10 Hog
Bayou at treatment
bevgl 1oy

Based on meeting Nav.
standard with discharge
relocated below Shell
Bayou in Chickasaw
Creek or with discharge
at present location and
Nav. standard extended
to HWY. 43 Bridge as
recommended.

Allocation far this dis-
charger based on meeting
F & WL standard in
Eightmile Creek (i},



Table 16, Waste Load Allocations for Area Dischargers, Year 2000, {Continued)

2000(*)
2000 Flaw Effluent
Dischatger  Pupulation  (mgd) BOD; CBOD, NEOD, UOD Ammonia Do Remarks
Barber Pure
Milk Ca. Nia 005 (@ @ @)? (@) (d)? ()2 NPDES Permit is basis
(Disch. 001) of allocation shown—

discharge is to Prichard-
Eightmile STP. (o)

STREAM SEGMENT: DOG RIVER {MS8.47)

Mobile Pajnt

Mig. Co.--

Theodore N/A n @@ @y (d)? {d)>  Allocation for this dis-
(Disch, 001} charger based on AWIC

approval for discharge
Halls Mill Creek to Halls Mill STP.

STP BA 150 m) m) mp ) qm (m)  Allocation for this dis-
charger based on this
facility being abandoned
by April, 1979 with flow
going ta McDuffie Is.

STP.

CE‘: F oo NIA 167 () (o) €@ (e (e) () NPDES Permit is basis
{Disch. 001) of allocation shown—
cooling water discharge.

Union Carbide -

(l)ils;::ug;;c& NIA {f (e} () (e) (e) (e} {e) NPDES Permit is basis

102) ' of allocation shown—
discharge is to Alligator
Bayou—001 is hydro-
static test water, 002
is drum and starage
tank wash water.

STREAM SEGMENT: BAYOU SARA {MS$-87)

Burdiand ST 12,500 1.22 3 4.5 4.5 4[b) 1 5 Allocation for this dis-
charger based on mecting
F & WL standard in
Norton Creek (i).

Jacimoport Laguon NiA  0.007 19.3# /day(e) (e} 3] {e) {€) NPDES Permit is basis
of aliocation shown—
discharge is to Black

Creck.

STREAM SEGMENT: DEER RIVER {MS-116 & 1 19)
Aircu Alloys &

Carbide NAL e @ @ @ 2y {d)?  Allocation for this dis-
charger based on con-
necting sanitary waste
to Halls Mill STP by
July, 1979 and reuse

of cooling water.




Table 16. Waste Load AHocations for Area Dischargers, Year 2000, {Continued)

2000(2)
2000 Flow Effluent
Discharger Population (mgd) BOD; CBOD, NBOD, UOD Ammonia Do Remarks
Marion Refining
Co, N/ 0.072 44.9%/ (] (¢ (e) () () NPDES Permit is basis
{Disch. 001 & {001 only} day of allocation shown —
002) BAT wreatment required
in 1983, Discharge 002
is stormwater.
Kerr-McGee NiA 0.026 (e) {e) [13] {e) {2) {e) NPDES Permit is basis
of allocation shown—
cooling water and storm-
water discharge.
Degussa NiA 2.7973 6 9 13 20 2.9 2 Allncation for this dis-

charge based on discharge
1o A-3 site in Mobile Bay.
{a)

STREAM SEGMENT: TENSAW RIVER (M5-54)

Alpine Laboratories N/A 0.018 {c) {e} e} {e) {e) {c) NPDES Permit is basis
of allocation shown, {o)

Bay Minette
Westside Lagoon 1,233 0.225(K) 30 45 18 63lc) 4 2 Lagoon system treat-
ment level 1 required -
facility satisfactory “as
is.” (o) (p)

Tensaw Fertilizer N/iA i (e} {e) {e) {e) {e) {e) NPDES Permit effluent
lirnits not cstablished yet,

STREAM SEGMENT: BLAKELY RIVER (MS-54)

Spanish Fort
Estates 3,400 0.54(k) 30 45 18 61 (b) 4 2 Private lagoon system,
NPDES Permit effluent
limits not established
yet. Treatment level |
required. {p)

Lake Forest
Development 3,00 125K 80 45 90 133(®) g 9 Private mechanical sys-
tem. NPDES Permit
effluent limits not
established yet. Treat-
ment level | required.'P

STREAM SEGMENT: BON SECOUR RIVER {M5-114)

Aquila Seafood NiA 0.001 (n) (o} (n) {n) (m) (n) Allocation will be made
after further study.
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Table 1 6. Waste Load Allocations for Area Dischargers, Year 2000. (Continued)

20002}
2000 Flow . Fifluent
Discharger Population  {mgd) BOD; CBOD, NBOD, UOD Ammonia DO Remarks

Grass Seafood NiA 0.001 {n) {n) {n} {n) {n) {n) Allocation will be made
afrer further study.

Plash's Seafood NiA 0.003 (n) n) (n) fo) in} {n} Allocation will be made
after further study.

Qyster Bay Scafood NiA 1.001 {n) {n} (n) {n} (n) {n) Allocation will be made

after further study.

Bon Secour ) i
Fisheries N/A 0.0%4 {n) (n) {n) {n) {n} {n) Allocation will be made
after further study.

Gull Shrimp . )
Company N/A 0.01 fn} (n) {n} {n} in) {n) Allocation will be made
after further study.

STREAM SEGMENT: FISH RIVER (MS-103)

%ars, [nc, NIA 0.21 13.26%/ (e) {c) {e} {e) {e) NPDES Permit is basis
day of allucation shown—
BAT treaument required
in 1983. (0] (p)

j.axley Lagoun 1,114 0.16 30 45 18 63t 4 2 Lagoon system treatment
level 1 required —facility
satisfactory “as is.”” (o) (p)

STREAM SEGMENT: TRIBUTARY TO McCURTIN CREEK {P5-20)

Haldwin Pole
Fiting Company NiA 0005 cceemenamseme e No discharge allowed----———--—even NPDLS Permit is basis
of allocation shown. (g}

STREAM SEGMENT: HOLLINGER CREEK {P8-33)

Bay Minenie STP 7,767 1.000 20 30 36 ﬁﬁ{b) & 3 Mechanical system —
treatment level based on
meeting A & T standard
in Hollinger Creek.

Reicheld Chemical,
Inc. N/A 0.250 250%#/ (e} (el (e} {e) {e) NPDES Permit is basis

{1nsch. 001) day of allocation shown-——
BAT treatment required
in 1983 for discharge
to Hollinger Creek —
Present treatment is
adequate for discharge (o
Bay Minette STP.



Table 16. Waste Load Allocations for Arca Dischargers, Year 2000, {Continued)

2000(2}
2000 Flow Effluent
Discharger Population (mgd) BOD. CBOD, NBOD, UOD Ammonia Do Remarks

STREAM SEGMENT: TRIBUTARY TO STYX RIVER (P5-3)

Kaiser Aluminum NiA 0,003 {e) {c) ie) {e) 03] (e} NPDES Permit is basis
af allocation shown. (g}

STREAM SEGMENT: ROCK CREEK (P5-26}

Robertsdale $ TP 3,800 0550 30 45 8) 1210} 20 5 NPDES Permit is basis
[pruposed of aliocation shown.
design flow] ig)

STREAM SEGMENT: WOLF CREEK (PS-37)

511

Foley STP 4,800 1.000 20 30 36 ﬁl(b) ) NPDES Permit is basis
{proposed of allccation shown. (g)
design flow

STREAM SEGMENT: INTRACOASTAL WATERWAY (MS-11 5}

Gulf Shores STP 5,500( 1.6 20 30 36 s1Pt 8 5 NPDES Permit is basis
(proposed) of allocation shown for
design capacity) discharge 1o Intra-

coastal Waterway.

Gulf Coast White
Knight Seafood NiA 0.013 {n) {n} {n) {n) {n} {n) NPDES Permit eftluent
(Gulf Shores} limits not established
yel—BAT treatment re-
quired in 1983 or con-
nection to Gulf Shores

STP.
Ala. Dept. of Con-
servalion N/A if) {n} {n) {n} {n) {n} (n) NPDES Permit effluent
{Gulf Shores) limits not established

yet—discharge is from
experimental fish ponds.

STREAM SEGMENT: PUPPY CREEK (ES-3)

Citronelle Lagoan 2,761 0268 30 45 18 63t} 4 2 Lagoon system—treat-
ment jevel 1 required -

facility will nced to be
expanded and upgraded
in 1983. {p}

{a) 2000 flows shown for municipal dischargers arc cither the listed design flow of the cxisting treatment facility or the
flow anticipated from 95 percent of the 2000 projecied population of the plant's service area (@100 gpcd), whichever
is greater, unless otherwisc noted, 2000 flows shown for industrial and semi-public dischargers arc the listed design flow
of the treatment facility unless otherwise noted.
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{b} UOD=15BOD, {or CBON,) + 4.50 Ammonia {or NBOI, ) - Eftluent DO.

{c) LOD=15BOL, (or CBOD,) + 4.57 Ammonia {or NEOD,)--rounded ofl 16 nearest whole number,

(d) Discharge to North Mobile Industrial Facility (d)* or STP ().

{¢} NPDES Permit dues not indicate allocations for these parameters.

(i) No tlow dala available.

(zg) o population data available,

{h) Aliocation shown reflects NPRES interim limits which expire 6/30/77.

(it Sev North Mobile Municipal Allocation,

() Projected population data for plant service area deferred - will be developed by the South Alabama Regional Planning
Commission,

{k} Listed design flow ol Tacility.

(1} Boh 2000 population and flow vary considerably throughouwt year due to tourist influx and departures {sce completed
Facilitics Plan {or details).

{m} Liminavon ot diseharge.

(n) Adlocation [or ihese paramerers (o be muade al 1 bater date.

fo} Alocation developed by Alabama Water Imprevement Commission in Basin Plan.

(p) The level of reatment may be defined by the expected effluent quality discharged from a well operated lagoon system
o mechabival sewage trewtment plant, The effluent characteristics for each are somewhat dilferent. The primary ele-
ment of 4 Yagoon wstem is o stabilization pond at Level 1. It would be expecied o discharge an cffluent with the
following vharecieristics: BOD, = 45 mg/l, BOL, © 30 mgf, NH; - N =4 mg/l, and DO =2 mg/l. The primary ele-
ments ol 4 mechsnival system are pretreatment, sedimentation, acration, and chlorination. At Level 1 such an activated
sludee plani would he expected wo discharge an effluent with the following characierisiios: BOD,, = 45 mgfl, BODg =
30 mgil, NHy - N hmgdl and DO 7 2 mgil. As the level of treatment increases, the quality of the ¢ffluent improves.
(Source: Water Quality Mupagement Plan-Mobile River Basin, Alabama Water Improvement Commission, August,
1976, IN-9 through 1X-12).

tq) Tenuanive allocstion pending completion uf the Theodore ELS,

Sary, Norton Creek, Eight Mile Creck, Halls Mill &) Sanitary landfill sites and other necessary
Creck, Listava Creck or Dog River. waste disposal sites should be ideatified for evalua-
#5) The discharge of contaminants into the tion by appropriate local and state authorities as
Theodore Ship Channel and Barge Canal Exiension potential {ocations for disposal of municipal and
shonld nor be permitted. The collection, proper industrtal  residual  wustes, including toxic and
treatmwnt and disposal ol wastes generated in the hazardous matertals.
arca should he the responsibility of a single aw- %) Fach county and locul government in the
thority, Bisposil ol wustes should be by outtfull Mobile Bay arca should adopt and enforee a sedi-
Lo the A3 site in Mohbile Bay with permit con- ment and erosion control ordinance, and reguire
dittons fon cach  imdwidual user of the outlall that drainage plans be submitted [or construction
based on the waste load allocation required o sites and new developmentactivitics, These drainage
meel water gquabiey standards Tor discharge to the plans should identily the magnitude of the storm
Bay and the waste contrel concept lustrated water runelt befare development beging, and
in Figure 14, should specify the management praciices that will
6} All semi-public and private point source  be utilized during and alter construction to main-
discharges alony Battleship Parkway should be  tain the same storm water rate of low as existed
climinated. To sccomplish this, it is recommended before development began,
that an interceptor be constructed to connect 10} A monitering program should be developed
the Parkway, including Pinto Island and Blakely for Three Mile Creek o assess the effectiveness
[shand 10 the McDuftie Island STP. of cxisting and preposed drainage projects and the
# 7)The Grover Strect and Three Mile Creek implementation of management practices for the
sewage treatment planis should discharge their control of urban storm water runoff,
wastes through o single outfall to the Mobile 11} No [urther development should be approved
River by 1983, in the 100 year flood plain or in areas with severe

septic tank limitations unless propeily operating
*These recommendations are under further  sewer collection and treatment sysiems are avail-
study at the request of EPA and AWIC. Any imple-  able.

menting actions will depend upeon the results of the The following recommendations arc based on
study which may conlirm these recommendations  data gaps and limitations identified during the
or mayv recommend other alternatives. course of this study.
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Figure 14. Theodore Waste Contrel Concept,

1} A closely coordinated *“total™ study design
of Mobile Bay and Delta should be organized and
implemented. This study should involve technical
and financial input at the federal, state and local
levels, and cover the full range of physical, chemi-
cal, biological, and climatological data necessary to
provide the basis for informed decisions that can
be made with a high degree of certainty.

2) In order to assist in the decision-making
process, an adequate predictive tool in the form
of a stratified computer model should be de-
vcloped. The model should be calibrated and veri-
fied on the basis of data collected and made
available for use at the local, state, and federal
levels tu all who would benefit from it.

3) All existing data and all data collected
during the proposed “total” study should be com-
puterized and made available for use to all who
would benefit from it. The data base should be
periodically updated so that fairly current informa-

n

tion is always available to researchers, decision-
makers, industrialists, environmentalists, devel-
opers, and others,

4) As technology becomes available, all treat-
ment systems should he required to upgrade to
eventually achieve zero discharge from point
sources so that Bay and Delta water quality may
also be upgraded.
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HYDROGRAPHY AND CIRCULATION OF MOBILE BAY

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

ABSTRACT

Mobile Bayv’s salinity regime ranges from Bay
wide influence of high salinity Gulf of Mexico
waters during extended pertods of low river dis-
chuarge 1o dominance by freshwater under floeoding
river conditions. However, no set scasonal satiniy
pattern exists because of the river svstem’s high
degree of variability on day <to<lav, month-to-month
and vear-lo-year time scales, On the other hand the
Bays thermal regime has w well delined scasonal
structure directly linked (o atmospheric tempera-
tures, Circulation is poorly understood. 1t appeuars
1o be a two taver system even though the Bay s
very shallow. Surlace drogue studies suggest a
highly variable system in the lower Bay.

BACKGROUND

The environmenial components that produce
the hydrograpiny! and circulation of Mobile Bay
arc presented in Table 1. The components are
grouped into five catcgories: (1) Mobile Bay Basing
(2} Oceunic; {3} Continental; {4) Atmospheric; and
{5} other. Fach component is divideed in the Table
mto its: {1} Function; (2) Time Rate ol Change;
(3) Relative Importance to Salinity, Temperature
and Circulation; and (4} Sensitivity to Impact from
Man. The description of the hvdrography and cir-
culation of Mobile Bay generaliy will follow the
structure of Fable 1.

In a simple form the fundamental requirements
of an estuary may be cxpressed as:

Semi-enclosed Coastal Basin + (“Salt waters”
mcasurably diluted by “Freshwater™) = Estuary.

Table 1 lists the above components as **Basic Con-
stituents,”

lFur the purpase of the Mobile Estuary Symposium the term "1y~
drography” is defined 1o include unly the parameters salinity and
tenmperakure.

The Mobile Bay basin has been described in the
mtraduction 16 these proceedings and is illustrated
here i Figure 1. Important features to keep in
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Mobile Bay, Alabama, Constructed of data ab-
tained from National Ocean Survey Chart No.
11376 (31st Ed. November 5, 1977) and un-
published U.S. Army COE sources.

mind arc (1) triangular shape with the long axis
running north-south; (2) relatively shallow overall
but with significant exceptions (i.e. East Main Pass
and the castern side of the middle and upper Bay);

Figure 1.
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Table 1. The Components of the Hydrographic and Circulation Regimes of Mobile Bay.

FUNCTION

COMPONENTS

SENSITIVITY
TO IMPACT
FROM MAN

RELATIVE
IMPORTANCE® TO:

NATURAL TIME
RATE OF CHANGE

‘e
(,l"
2

I
&
b

oy

1 Mobile Bay Busin
A) Areal Shape

B} Bathymoctry

~

ENIR

) Occean (exchanges
through Main Pass)
A)  Northeast Galf
of Mexico Warer
salinitivs 2> 28.0 ppt)

B)  Astronomical Tides

Continental

) Fresh Water™”
(salinities </ 1.0 ppt)
Mobile River System
Dyischarge

i

13y

() Flows from small A/
rivers & streams
Unchanncled Land

Runaotf

D)

6

]

IV Other
A)
B}

©)

cal

:\.h/

Winds

Air Lemperature
Precipiiation (di-
recilv on the Bay)

M} Evaporation

s A A

Other
A)

V)
lixchanges X
Water with Fast
Mississippi Sound
Exchanges of Water
with intracoastal

B}

channel on Rildwin
Counny

re
~1

at . - . .
Tyectory quantiny: baving both dircetion amd magnitude.
(I8} . . .

"Scalar quantity - having magnicude only.

’ . . .
“"Blank to 10 scale is cquivaient 1 no imporance 1o very imporiant,

(3) major openings to the Gulf of Mexico and Fast
Mississippi Sound in the southwest corner; (4) a
major river system delta at the northem end; (5)
a large, rclatively isolated area in the southeast
corner, Bon Secour Bay; and (6) numerous man-
made channels, the principal one being the Main
Shipping Channel (120 m x 12 m) running from
Main Pass to the Port of Mobile,

Occanic conditions for the Mobile Bay Estuary
arc defined as waters with salinities > 28.0 ppt,
which occurred 94% of the time during 35 26-hour
sampling periods at East Main Pass (Schroeder
1976 and 1977c) and have been given the name
“Northeast Gulf of Mexico Coastal Waters”’ (Shroe-
der 1979). The exchange of these waters between
the Gulf of Mexico and Mobile Bay occurs almost
exclusively through Main Pass. There is some evi-
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dence (Schrocder 1976 and 1977c) that suggests
that occasionally waters with salinities > 28.0 ppt
are exchanged through Pass aux Herons but the
route these waters are traveling is not clear because
their immediate past history is unknown.

The driving force for the “Oceanic” constituent
arc the astronomical tides, For coastal Alabama
these tides are principally daily with an average
range of < 0.5 m. During the period of greatest
tides, known as “tropic tides,” the range can reach
0.8 m, while during the smallest tides, known as
“equatorial tides,” the range can be < 0.1 m. Pe-
riods of semi-daily tides usually occur twice a
month for one to three days at a time. Additional
information on tides can be found in Marmer
(1954) and McPhearson (1970).




‘The Mobile River System provides approxi-
mately 95% of the freshwater received by Mobile
Bay {Schroeder 1978). Pertinent statistics of the
Mobie River System relative to it discharging into
Mohile Bay are presented in Table 2, Average dis-
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Figure 2, Mobile River Sysiem Average Discharge into
Mobile Bay for Each Water Yecar Over the
Period 1929-1978,

charges into Mobile Bay for cach water vear over
the period 1929 10 1978 are compared to the 50
year average discharge in Figure 2. Monthly average
discharges for water years 1973 and 1978 arce pre-
sented in Figures 3 and 4 while daily average dis-
charges for water years 1974 and 1977 appcar as
Figures 5 and 6. Table 2 and Figures 2 through 6
clearly show that the river system in highly vari-
able on day-to-day, month-to-month and year-to-
year time scales.

Specifically, Figure 2 shows that over the past
six water years (1973 to 1978) the average dis-
charge of the system has been above the 50 year
average and therefore the Bay has been under
heavy riverine influence. Conversely, during 1950
to 1957 the average discharges were helow the 50
year average and, therefore, the Bay was influenced
more by the Gulf of Mexico. For the remainder of
the record period the average discharges fluctuated
up and down across the 50 year average every one
to four years.

Winds arc an important driving and modifying
force for Bay processes. The dominant wind ficlds
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Figure 3. Mobilc River System Monthly Average Dis-

charge into Mobile Bay for Water Year 1973
Compared 1o the 47-Year Average Monthly Dis-
charge {1929-1978),

are a northwest to northeast system during the fall
and winter and a scutheast 1o southwest system in
the spring and summer. A land-sca breeze sysiem
often prevails during the summer, and multiple
day periods of light variable winds to calm may
accur during any scason. Detaled meteorological
observations, made at the Dauphin Island Sea Lab,
are presented in Schroeder (1976 and 1977¢).
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HYDROGRAPHY

Salinity

Mobile Bay’s salinity regime encompasscs di-
rect, Bay wide influence of high salinity Gulf of
Mexico waters during extended periods of low
river discharge at one extreme to near dominance
by freshwater under flooding conditions at the
other extreme. Salinity? values ranging from Oto -
36.0 ppt have bcen observed in the lower Bay
(Schroeder 1976 and 1977c) while in the upper
Bay the range is 0 to -24.0 ppt (Schroeder 1978).

Because the salinity regime varies principally as
4 function of the discharge rate of the Mobile River
System (McPhearson 1970 and Schroeder 1978
and 1979), which has been shown to be highly
variable {Table 2 and Figurcs 2 thru 6), no set sea-
sonal salinity pattern exists. What can be said is
that the lowest salinities arc present normally
sometime between February and May when high
river discharge and flooding ordinarily occur and

2Salinity values in any of the dredged channels, because of their
depths (up to 12 m), are artificially higher than adjacent undredged
Bay bottom. Therefore, the bottom salinity fields considered in
this paper, unless specifically stated, will not utilize dredged chan-
nel data but rather will consider, for channel stations, the one-to
four-meter water column values depending on the depth of the
adjacent bottom plane. This procedure is not meant to suggest that
these channels do not play a role in the hydrography of Mobile

Figure 6. Mobile River System Daily Average Discharge Bay, for they certainly provide avenues for high salinity waters to
into Mobile Bay for Water Year 1977, mave around in the Bay.
Table 2. Mobile River System Statistics (Modified From Schroeder 1978). N
1)  Average discharge ® into Mobile Bay - 1929 to 1978: 1,815 m? sec”!
2} 10 and 90 percentile discharges® into Mobile Bay - 4,250 m? sec’! and
1929 to 1978: 370 m? sec’!
3} Maximum time rate of change:
8-10 Day Period +4,000 to 6,000 m> sec”!
15-20 Day Period + 8,000 to 10,000 m? sec’
4) River Discharge categories:
Low <500 m? sec’’
Moderate 500 to 3,000 m? sec’!
High 3,000 to 7,000 m> sec”!
Flooding > 7,000 m3 sec’?

aciculated from data collected at the USCG gauging stations at Coffeeville (Tombigbee R.) and Claiborne (Alabama R.),

Alabama.
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the highest salinitics arc present normally some-
time hetween August and November when Jow
river discharges ordinarily oceur.

Selected [lield surveys and sets of time scrics
data will be utilized to illustrate the wide degree of
varizbility found in the salinity regime. Bathymetric
features can play a controlling role in salinity dis-
tribution patterns. For example, the bathymetry of
the castern and western sides of the upper-middle
Bay arc significantly different {Figure 1). The
vastern side has an average depth of -4 m at mean
low water (MLW) and snumcrous depressions (dia-
meters < 1 km) with maximum depths of -7 mat
\MIW while the western side has an average depth
of -% m at MLW and is gencrally uniformly flat
with maximum depihs of -4 m at MLW (Schroeder
1979). The bottom salinity ficld depicted in Figure
7, when compared to Figure 1, shows the higher

Bottom Salinity (ppt) Field in Mobile Bay
During November 1, 1978, Low river discharge,
high tropic tide and winds calm,

Figure 7.

salinity waters (i.c. higher densily waters) outlining
the deeper areas of the eastern bay and the lower
salinity waters (i.e. lower density waters) outlining
the shallow arcas of the western bay.

The only major barrier to cast-west movement
ol water is the north-south running spoil bank
located on the western side of the main shipping
channel east and south of the Dog River area (Fig-
urc 1). The spoil bank system rises 8.5 to 1.5 m
above the 2.3 to 2.9 m bottom plane, thus, inter-
fering with the bottom water movements but not
surface water movements, The impact of this man-
macde bathymetric feature is dlustrated in Figure 8.
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Bottom Salinity {ppt) Ficld in Mobilc Bay
During September 5, 1978, Low river discharge,
cquatorial tide and winds variable < 10 k.

Figure 8.

The 14 and 10 ppt isohalines on the westem side
of the Bay outline the shallow depths depicted in
Figure 1 and show that east-west exchange of bot-
1om waters is restricted in this region, The surface
salinities during the same survey (not illustratcd)
ranged from 7.0 to 10.7 ppt and had an areal dis-
tribution pattern totally independent of bouttom
features. In the southern half of the Bay the vld
spoil bank system associated with the main ship-
ping channel is essentially non-existent today
(Schroeder and Lysinger, unpublished data). There
are no major barriers to north-south water move-
ments, however, the east-west running spoil banks



associated with the 1ollingers Island Channel con-
tribute 1o some degree Lo the isolation of bottum
waters In the area cast of Dog River (Figure 8). The
spoil bank associated with the Gull Intracoastal
Waterway in south Bon Sceour Bay partially isolate
the bottom waters in that area.

The interaction of the local winds is best sum-
marized by Schroeder (1978):

Because of the Bay's lurge surtace area and
shallow depth the wind can be both an impor-
tant driving {orce and a modilying lorce. Winds
with a nertherly component compliment river
flow and move river influence toward the lower
Buy. The opposite condition oceurs with
southerly winds that move offshore waters into
the Bav and, therelore, move river influence up
the Bav, Winds with cust or west components
tend to push the surface waters to the opposite
siche of the Bay ind consequently there is often
a complimentary shift of the bovtom waters 1o
the windward side ol the Bay, Westerly winds
are certain (o pley o role during some ol the

Figure . Surface (dashed} and Bottom (solid) Salimity
(ppt) Fields in Mobile Bay During January 16,
1978. Moderate river discharge, low tropic tide

and winds cast southeast << 10 k.

periods when river waters are moving south

alony the castern shore, Mulu.day periods of

strong sustained winds can mix the entire Bay

vertically, except {or the decper areas,
Astronomical tidal action from the Gulf of Mexico
can result in north-south shifting of salinity fields
on a daily time scale. During maximum amplitude
tropic tides northsouth changes of 6 to 10 km
have been ubserved (Schroeder 1979). On the
other hand, during minimum amplitude equatorial
tides, little or no movement is observed.

Figures 9, 10 and 11 are presented to illustrate
the wide variabilitv that has been observed in the
structure of the salinity regime in Mobile Bay. In
all three examples signilicant longitudinal, lateral
and vertical variations predominate. The salinity
regime across Main Pass during periods of oceanic
dominance and river system dominance are de-
picted in Figures 12 and 13, respectively,

Time scries data can be used to delineate the
changes that take place at a fixed location over
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Figure 10. Surface (dashed) and Bottom (solid} Salinity
{ppt) Fields in Mobile Bay During December 2,
1978, Moderate to high river discharge, low
tropic tide and winds northwest to northeast at
10 k.
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time, During portions of 1978 a network of con-
tinuously reeording  refractometer-hermograph
instruments (ENDECO 101 units) were deployed
in Mobile Bay (Figure 14). Results from this
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project are utilized here to illustrate the dynamic
nature of the salinity regime over time periods of
days to wecks. Figures 15 and 16 present selected
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Figure 15. Time-Series Salinity {ppt} Data for Mobile Bay,

February and March, 1978. Sce Figure 14 for
slation locations,
ime series data sets of salinity during a flooding
and high river discharge period and a high to low
river discharge period, respectively,
In Figure 15 all but one of the data sets begin
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Figure 16. Time-Series Salinity (pp1} Data for Mobile Bay,
June and July, 1978, See Figure 14 for station
locations.

during the post flooding period. All stations show

an increasing salinity trend as river discharge de-

creases, As the Bay recovered from the flooding
cvent a 5 to 8-day pattern of higher salinities on
the ecast side of the Bay (points marked A} al-
ternating with higher salinitics on the west side
of the Bay {points marked B} occurred. At White-
house Reef the data indicate that 10 days after the
peak of the flood the surface waters were stili
under the influence of river water while the bot-
tom waters showed no river water impact whatso.
ever (point C). Vertical salinity gradients were >
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20.0 ppt. Also the Whitehouse Reel record shows
the effect of strong wind mixing (points marked
D). Low-salinity surlace waters were mixed with
high salinity bottom waters to form intermediate
salinitics. In one case near homogenous conditions
were rcached in the water column. All of the sta-
tions were impacted by the high river discharge
period in late March as indicated by the very low
salinities {points marked E) and all showed some
degree of recovery [rom the low salinity period
with the increased salinities at the end of March.

In Figure 16 those stations with data for the
first two weeks of June all show a dominance of
river water influence. River discharge during the
month of May (not illustrated) was highlighted by
20 days of high {flow (> 2,000 m? SL‘(‘") with the
maximum discharges approaching looding levels,
This, plus 1the previous flooding and high flows in
February and March (Figure 15%) resulted in the
Bay hecoming a near limnctic svstem. However,
by mid-June salinities began to increase. T'he first
two stations to show any rtecovery were Greal
Point Clear and Ddog River (peints marked A).
The increased salinity at Great Point Clear is un-
derstandable hecause high salinity waters entering
Maim Pass can readily move up the eastern side of
the Bay (Figures 10 and 11). But the increased
salinity at Dog River is not casily explained in that
there wasn’t any corresponding increase at either
Whitehouse Reel or Fairhope (points marked B).

An increase in the bottom salinities at Fairhope
finully occurred between June 15-18, The intial
increases at both Great Point Clear and Fairhope
l[asted only a few days belore the increase in river
discharge around June 15 to 18 brought about a
decreasing salinity trend (points marked ). Note
that no corresponding salimity decrcase was mea-
sured at Pog River (Pomt C). During the latter
part of June as river discharge decreased there was
a rapid increase in salinities st Whitehouse Reel,
Cireat Point Clear and Fairhope {points marked 1),
Periods when wind and tidal action mix surface
and bottom waters together are clearly evident at
Whitchouse Reef and Fairhope {points marked L).

The salinity inversion at Fairhope in carly
July {point F} is a very unusual occurrence. Except
for the first and last day of this phenomenon the
water column was unstable even though the less
saline bottom waters were cooler than the more
salinc surface waters. An cxplanation for this situa-
tion is not apparent, therefore, the data should be
viewed with some suspicion.

Temperature

Water temperatures in Mobile Bay range from

highs of 30.0 to 33.0° C to alow of 0° C {ice}. The
thermal regime [or the Bay is summarized in Tables
3 and 4 and Figures 17 and 18, Water temperatures
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figure 17. Thermal Regime of Upper Mobile Bay. Values
are three-month running averages.
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Figure 1B. Thermal Regime of Main Pass, Mobile Bay.
Values are three-month runsing averages.

arc directly linked to air temperatures (Table 3).
Scasonal periods are well defined except for the
bottom waters at Main Pass which have a four
month spring warming season, a summer that lags
one month behind the remainder of the Bay and
only a two month fall cooling season (Table 4}. On
the average the upper Bay tends to be colder in the
winter and hotter in the summer than the Main
Pass arca. This is particularly truc if the upper Bay
is compared to the botiom waters at Main Pass
(Table 4).



Table 3. Temperature (“C) data for Mobile Bay. Water temperatures are three-month running
averages and air temperature are monthly averages,

UPPER BAY
Surface Bottom Surface
0.5m -2,0m 0.5-1.0 m

i} 1406 10.3 12.0
¥ 10,7 IL5 135
M 149 15,9 16.4
A 19.1 20.6 2006
hY | 23.9 24.7 23.4
1 26.5 27.4 26,6

) 259 289 27.4
\ 29,2 28.8 23.7
5 26.9 26.1 25.6
0 227 21.9 227
N 17.G 16.6 180
13 150 123 14.1

EAST MAIN PASS

WEST MAIN PASS AIR TEMP.

Rottom Water Column Mohile (Bates

8.0-9.0 m 0-3.0m Field NWS)
14.2 124 107
15. 1 13.¢ 122
169 17.0 15,2
20.3 .2 19.9
211 25.9 23.7
23.3 26.6 26.8
24.4 27.4 276
20.8 281 275
26,2 26.1 252
P N 225 245
19.5 175 147
i6. 1 13,8 IL6

Table 4. Scasonal Temperature {°C) Data Tor Mobile Bay, Derived from Table 3,

WATER TEMPERATURE RANGE

ATR TEMPERATURE RANGE
Mobile {Bates

Season Months Upper Bay Main Pass” Field NWS)
Surface Bottom
Winter D}F <13%.0 <14.0 <16.0 <13.0
Spring MAM 13.0-27.0 14.0-26.0 16.0-24.0 13.0-26.0
(M A M)

Summer JIa >21.0 > 26,0 >24.0 >>26.0
() A S}

Fall SUN 27.0-1%.0 26.0-14.0 24.0-16.0 26.0-13.0
{ON)

a .
Because of the bathymerric differences hetween East and West Main Pass (Fig. 1) the surface observations at East Main
Pass are combined with the water calumn observations ai West Main Pass and are treated as the surface zone of Main Pass.
The Bottom zone of Main Pass is characterized by bortum East Main Pass data ex clusively.

Surfuce and bottom (cmperature data for the
upper Bay presented in Table 3 are depicted in
Vigure 17, The average difference between surface
and sollom waters was < 1.0° C except during
April when the bottom was 1.5° C warmer than

the surface. Fhe thermal vertical structure under-
goes a reversal during the year. From February
through June bottom waters are warmer than sur
face waters while from August through January
surface walers are warmer than bottom waters,
During July the water column is homogeneous.



Surface and bottom temperature data for Main
Pass presented in Table 8 are depicied in Figure 18,
The thermal vertical structure is much more com-
plex at Main Puass than in the upper bay., First, the
differences between the surlace values of Fast Main
Pass and the water column values of West Main
Pass were << (0,6° C and therefore these two arcas
were treated as representing the surface zone of
Main Pass, The thermal vertical structure under-
goes a reversal just as in the upper bay but the
chronology is very ditferent. From (Gctober through
February bottom waters are warmer than surface
waters while from April through August surface
walers are warmer than bottom waters, During the
months ol March and September the water column
is ncarly homogencous. This annual vertical struc-
ture is accounted for by the lact that the boitom
waters are linked with the Gulf of AMexico which,
because of the greater volumn, do not warm up as
fast nor get as hot as bay waters or cool down as
{ast nor get as cold as bay waters, Therefore, the
surface waters become warmer than bottom waters
during the spring warming scason and remain
hotter through the carly fall and then become
cocler than bottom waters during the late fall cool-
ing scason and remain colder through the winter,

Maximum stable vertical temperature gradients
observed in Main Pass were 8.0 o 10.0° C during
the summer scason when surfuce waters were
hotter than boettom witers while the maximuom ob-
served temperature inversions were 3.0 to 6.0° C
during the winter scason when surface waters were
colder than botiesm waters. In the upper bay the
maximum stable vertical gradicnts obsernved were
3.0 to 7.0° C during the summer and carly fall
while the maximum temperature inversions were
3.0 1o 4.(° C during the late winter and spring,

CIRCULATION

No definitive studies on the circulation of
Mobile Bay have been undertaken. Numerous small
and medium scalc investigations have approached
the circulation question both directly and indi-
rectly. The following is a summary of what has
heen learmed through these various projects.

Current Measurements

Over the period July, 1973 10 December 1975,
seventecn 26 hour anchor stations were carried out
in Muin Pass during which hourly current profiiles
of the water column were taken (Schroeder 1976).
Ten of these anchor stations were made in Fast
Main Pass and seven were made In West Main Pass.
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The station positions were located just inside the
Bay. Composite current roses of surface (€15 to 1.0
m) observations at West Main Pass and surface (0.5
to 1.0 mj and bottom (7.0 to 9.0 m} cbservations
at East Main Puass are presented in Figure 19. Only
the surface cbservations are presented for West
Muin Pass bccause they are representative of the
current structure throughout the 2.5 to 3.0 m
waler column.

‘The current rose for West Main Pass shows that
on the west side of Main Pass more water flowed
out of the Bay than into the Bay. It is estimated
here that the ratio is between 2:1 and 3:1. Cur-
rents out of the Bay moved southwest to southeast
with adominant flow duc south £ 22.5° The great-
est current speeds occurred during flow out of the
Bay (falling tides) and rcached absolute values of
1.6 to 2.1 knots.

The current rose for the surface at East Main
Pass shows that on this side of Main Pass nearly
equal amounts of witer moved into and vut of the
Bay at the surface. Surface currents into the Bay
moved mostly north (0 northeast with a dominant
flow to the northeast + 22.5° and they attained
speeds of 2.1 10 2.5 k. Surface currents out of the
Bay moved south 1o southeast with a dominant
flow duc south * 22.5° and attained speeds of 1.6
to 2.0 k. The current rose for the bottom of Fast
Main Pass also shows that ncarly equal amounts of
water moved mto and out of the Bay, Bottom cur-
rents into the Bay moved north o northeast at
speeds up to 1.6 to 2.0 k. Bottem currents out of
the Bay moved south to southeast at speeds up o
1.6t020k.

Two 26 hour stations were carried oul on the
Dauphin Island Bridge in Grant's Pass during
1975 (Schrocder 1976). Current measurements
made on July 1 and 2, 1975 indicate that the
flow was from Mobile Bay into Mississipps Sound
throughout the 26 hours. An explanation for
this is that the cireulation of this porton of the
Bay was dominated, at the time, by a sustained
southeast to east wind at 6 k gusting 15 k, Tidal
height differences were only 0.2 m and river dis-
charge was modcrate.

During the sccond survey, August 5 and 6,
1975, current directions changed with the tidal
cycle. During the falling tide water moved out of
Mobile Bay m a south to southwest dircction at
speeds up to 0.7 k. During the nsing tude water
moved into Mobile Bay in a northeast direction
at speeds up to 19 k. Tidal height differences
were 0.5 m, river discharge was moderate to high
and the winds were south-southwest to west at 6 k
gusting to 20 k.
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Figure 19,

Drogue Studies

Twenty drogue tracking exercises, consisting
of single and multiple drogue relcases in the
southern half of the Bay, were made between
August, 1975 and November, 1977 (Schroeder
1976 and 1977c). The drogues were constructed
tr respond o water movements associated with
the upper 1.2 m of the water column. Pertinent
information on cleven of the exercises is sum-
marized in Table 5. Exercises 1 thru 8 were carried
out during periods of low to high river discharge
and a composite of their tracks is presented in Fig-
ure 20 Fxercises 9 thru 11 were carried out during
penods of very high to flooding river discharges

Main Pass Composite Current Roses. (From Schroeder 1976.)

and a composite of their tracks is presented in Fig-
ure 21,

From the tracks depicted in Figure 20 the fol-
fowing observations were made: (1) the surface cir-
culation pattem of lower Mobile Bay was highly
variable; (2) the maximum displacement of drogues
releascd tn or near Main Pass over one half of a
daily tidal cycle (12 hours) ranged between 10 and
12 km (6 to 6.5 nm); (3) many individual drogue
tracks (i.e., 1, 3a, 4a, 4b, 6 and 7) reflected a ten.-
dency for an “excursion type pattem” within the
Bay (e.g. a trip with the same departure and return
point); and (4) sustained winds could override
astronomical tidal forces preventing direction
reversals during the daily tides (i.e., track 8).




Table 5. Summary of Sclected Drogue Tracking Exerciscs in Mobile Bay (Modificd from Schroeder 1976 and 1977¢c).

Predicted
Tracking Predicted Tidal Tidal Height Mobile River
Date Drogues Time State at Release Differences  System Discharge Winds
{Hours} (m) (m® sec’")
1. 4/20776 1 14 Low + 2 hrs. .5 2,000 - 4,000 Variable < 10 k
2. 5/1/16 1 9 Low + 2 hrs, 3 2,000 - 4,000 8W to NW <10k
3. 9/15 & 16/76 2¢ a. 16 Low + 2 hirs, 2 700 - 1,000 Variable < 10 k
b. 13.5 Low + 4.5 hrs.
4. 17/21 & 22/76 b a 11 Low + § hrs, i 700 - 1,000 N to NW <10 k
b. 10 & gusts > 20 k
5, 3/5{77 1 14 Low + 2 hrs. 6 1,300 - 2,000 SwSE<10k
6. 6/1 & 2/77 1 15 Low + 0.5 hrs. 7 400 - 1,000 Variable < 10 k 1o
N <10k & gusts
>10k
7. TITT 1 7 High - 1.0 hr. i <800 StoSW<10k
8. 11/8 & 9/77 2b a. 23.5 Low + 6 hrs. 3 2,000 - 4,000 SE 1o SW <10 k &
gusts = 20 k
9, 3/80/76 3¢ a. 1 Low + 2 hrs, B | > 8,000 SE <10k
b. % Low + 4 hrs {semi-daily
c. 1 High + 1 hr. tides)
10. 3/1%/77 1 8 Low + 7 hrs, 5 5,000 - 6,500 §8w <10 k
11. 4/8/77 1 13 Low + 1 hr .5 5,000 - 8,000 Variable <10 k

a . . ;
Drogue release points ar different locations.

b . .
Drogue release poines a1 the same location.

€A singie drogue was released three different times at three different locations.

The tracks on Figure 21 illustrate the degree of
influence the river system can exert on the surface
waters of the lower Bay during very high te floed-
ing discharges. This was particularly evident during
exercise 9 when flooding river water continuously
flowed out of the Bay at West Main Pass.

inferred From Salinity Distribution Patterns

The use of salinity distribution paltems to
infer circulation is a common practice. Macro- to
meso- scale trends and in some cases meso- to
micro- scale structure can be defined by the use
of this technique. However, care should be taken
not to allow these results to be treated as detailed

87

circulation data in the absence of supporting cur-
rent meter or drogue track data for quantification
and verification purposes.

From Figures 9, 10 and 11 two surface circula-
tion trends were identificd. In Figure 9 the lower
salinity water from the upper bay appeared to be
moving down the castern side of the Bay while
slightly higher salinities from the lower bay oc-
cupied the western side of the Bay. In Figures 10
and 11 just the opposite situation existed where
the low salinity upper bay waters appeared to be
moving down the western side of the Bay. Schroe-
der (1979) concluded that: (1) during low niver dis-
charges river water (salinities < 1.0 ppt) and transi-
tional water (salinities of 1,0 to 7.9 ppt} in the
upper and middle Bay form a surface lens over the
more saline bottom waters and move to the south



SCALE: T STALE:

Kilomeiery Kilomelery
— " — | C e A7 =, _FE3
¢ o 4 + e a I3 R

O RELEARSE POINTS RF1I EASE POINTS

o
O RECOVERY FDINTS i i T RECOVERY PGINTS

88" 00 - 8800

. JR—

Figure 21. Drogue Track Composite for Relcases Made in
Mobile Bay During Very High to Floodimg
River Discharges. (For supportive data see
Table 5.)

under no particular east to west pattern; (2) as distribution  parterns  of suspended particulate

river discharge increascs into the moderate range.  material (SPM) observed on imagery produced hy

river and transitional waters at the surface and the LANDSAT satellites  (Schroeder 1977a). Fowr

hottem of the water column favor the western side LANDSAT images (Figures 22 10 25) were chosen

Figure 20. Drogue Track Composite for Relcases Made in
Mobile Bay During Low to High River Dis-
charge. (For supportive data see Table 5.}

of the Bay as they move w the south; and (3) at o illustrate the complex nature of the surface cir-
higher river discharges the down-bay pattems of  culation of Mobile Bay.
river and transitional water become less obvious at Moderate river discharges and winds from the
the surface because they tend to dominate theen-  north at < 10 k were occurring at the time the
tire surfuce ficld, while at the bottom they still images in Figures 22, 23 and 24 were taken. Note
tuvor the western side of the Bay. that the distribution patierns of SPM (light shaded
Itigh salinity water from the Gulfl of Mexico areas of the Bay) were totally different, In Figurc '
van move northward into the Bay as a broad bot- 22 a complex SPM pattern was present in the

tom intrusion, as overflow from the Main Shipping  upper and castern middle Bay. A less structured -
Channet or as a combination of the two, The bot. arca of SPM occurred in Bon Secour Bay. In Figure
tom salimty field of Figures 7 thru 11 indicate that 23 very high concentrations of river water bome
the broad bottom intrusion of higher salinity water SPM dominated the entire westem Bay while in
favors the eustern side of the Bay as it maoves Figure 24 the exact opposite condition existed. A
northwurd in the Bay but that there is no single high degree of complexity was apparent in Figure
bottom salinity pattem associated with this north- 24,
ward movement, High river discharge and calm wind conditions
were depicted in Figure 25. Over 90% of the sus-
face area of the Bay was impacted by river borme

Inferred From LANDSAT tellit ol Bon o0 she very castem and southem Pompion
Infe Satellite Imagery of Bon Secour Bay were unaffected. Very complex
Surface circulation can be inferred from the patterns along the western shore and at Great Point

88

e —




Figure 22, LANDSAT MSS Band 5 Image of Mobile Bay Takcn on August 18, 1975 (1.D. 2208-15435). Moderate river dis-
charge, high tropic tide and winds northwest <10 k.




Figure 23, LANDSAT MSS Band 5 Image of Mabil

¢ Bay Taken October 11, 1975 (1.D. 2262-1543 ). Moderate river dis-
charge, falling tropic tide and winds north <10 k.

90




Figure 24. LANDSAT MSS Band 5 image of Mobile Bay Takea Marck 29, 1978 (L.D. 2116-215183). Moderale river dis-
charge, rising tropic tide and winds north <10 k.
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Vigure 25 LANDSAT MSs Band 5 tm:
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age of Mobile Bay Taken May 22 1978
high tropic tide and winds calm,

{1.D. 2121-615212). High river discharye,
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Clear and Mullct Point on the castern shore are re-
vealed by close examination of the image. Also, the
exchange of waters from Mobile Bay to coastal
waters is clearly scen in Figure 25,

ADDITIONAL INFORMATION

For additional information on the following
subjects, as they rclate to Mobile Bay, the reader is
referred to references cited below.

General hydrography: Austin 1354, McPhearsen
1970, Crance 1971, Bauit 1972, and Schroeder
1978 and 1979,

Riverine influence: Schroeder 1978 and 1979,
Flooding: Schrocder 1977b.

Circulation: Austin 1954, Ryan 1969, McPhearson
1970, Ryan and Goodell 1972, and Story et al.
1974,

Remote sensing & event monitoring: Hardin et al.
1976 and Schrocder 1977a.

Bathymetry: Bisbort 1958, Ryan 1969, Crance
1971, Ryan and Goodell 1972, Hardin et al.

1976,

Physical environment atlas: Schrocder 1976 and
1977c,

HISTORICAL REVIEW

The data presented in the hydrography section
were all collected over the period 1973 10 1979,
When these data were compared to the data col-
lected in previous years (Austin 1954, McPhearson
1970, Crance 1971, and Bault 1972) no significant
differences were detected. The data presented in
the circulation section were also collected aver the
period 1973 to 1979. The only historical measure-
ments of circulation were made by Austin 1954
and Story et al. 1974. The conclusions that Austin
presented should be viewed with caution because
they were based on an analysis in which data from
different days were combined and treated synop-
tically. No attempt was made to compare Austin’s
results to the present data. Story ct al. (1974)
carried out a short term dye study on the western
side of Mobile Bay. There have been no compar-
able studies,

DATA GAPS

The percentage values indicate the extent of
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the data gap.

HYDROGRAPHY (salinity and temperature)

1. Bon Secour Bay 100%

2. Bay areas immediately adjacent to Dog
River, Deer River, East Fowl River,
Bon Secour River, Weeks Bay and Fly
Creek 100%

3. Bay wide synoptic coverage 100%

4. Mobile River System distributaries in
the lower delta 75% to 100%

5. Pass aux Herons 50%

CIRCULATION
1. Current meter measurements
a. Bay wide (excluding Main Pass)
100%
2. Drogue Studies
a. Bay wide (excluding releases from
Main Pass) 100%
b. Main Pass relcases 50% to 75%

RECOMMENDATIONS

The greatest threat to the hydrographic and
circulation regimes of Mobile Bay is alteration of
its natural bathymetry. The following recom-
mendations fall into two catcgories: one dealing
with the evaluation of the environmental conse-
gquences associated with both existing and future
alterations and the other being « list of “DON'TS.”

1. Evaluate the environmental consequences
of the following:

A. spoil bank systems associated with the
northemn third of the Main shipping
Channel;

B. spoil bank systems associated with the
intracoasta] wWaterways;

C. the spoil island associated with the
proposed Theodore Channel (scheduled
to be carried out}; and

D. ali projects that involve any type of
alteration to the bathymetry of the
Bay.

2. Do not permit the following activities:

A. spoil deposition along the southern two
thirds of Main Ship Channel;

B. spoil deposition along the Hollingers
Island Channel;

C. alterations to the configurations of the
Mobile River System distributaries in
the Delta;



D. alterations to Main Pass;

additional alterations to Pass aux Herons

(Cedar Point to Peavy Island}; and

F. dredging operations that result in the
creation of cither nonspecific depres-
sions or shoals,

;'r:
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MATHEMATICAL MODELING OF MOBILE BAY: AN ALTERNATE SOURCE OF DATA
FOR MANAGERS AND RESEARCHERS

Gary C. April
Donald C. Raney
The University of Alabama
P.0.Box G
University, Alabama 35486

ABSTRACT

This paper reviews the results derived [rom
mathematical models used in the description of
hydrodynamic and material transport behavior in
Moabile Bay. Results of parametric studies are
reported as within tide and tidal cycle average
current and salinity patterns, and monthly average
coliform bacteria patterns, for periods subject to
nomal and severe hydrologic and meterologic con-
ditions in the Bay arca, The parameters included
are wind direction and speed, river flow rates,
coliform bacteria concentrations at the river inlets,
bay water temperature, and tidal stage at the
Bay/Gulf exchange.

Of primary importance are the relationships of
the data base used to calibrate and venty the
various models and the form of the corresponding
model rcsults derived from the study. These com-
parisons provide a way of integrating mathemati-
cal modeling methods with field and remote sensed
data collection progrums. A recommendation [or
the development ol a statewide, coordinated data
collection program providing better support of
mathematical modeling efforts ts also made.

INTRODUCTICN

Formulation, development and application of
mathematical modeling in describing natural water
systems have been completed for a number of
coastal bays. These models have been applied suc-
cessfully to San Francisco, Chesapeake, Galveston,
Narragansett, and Tampa Bays, among others.

Since 1972, The University of Alabama has
been engaged in studics related to the mathemati-
cal description of behavior in Mobile Bay. These
studics include the hydrodynamic, salinity, and
coliform  bacteria  distribution  and  transport
within the Bay. This paperis intended to summarize
the results of those studies, and, to relate the
interdependence of modeling activities with the
type and kind of data collection plan used to pro-
vide basic information about the system.

The Necessity of Mathemggiggl Models

There are several reasons for using mathematical
modeling methods to describe bay behavior. The
first is the need to be able to assess the effects on
bay behavior resulting from rapid, and often un-
predictable changes in system variables. This
dynamic nature of the system produces conditions
that are scldom duplicative from day ta day or
scason lo season since the forces aciing on the
system arc truly random. These variables include
wind, rain, runoff, river flow, tidal condition and
material transport by varicus mechanisms. In erder
to assess the interactive effects resulting from these
variables, a rapid, accurate model is necessary.

A second reason for using modeling methods
for description of bay behavior is the predictive
capability it can provide. Forecasting of impacts
that could result from variable changes and system
modifications (i.e., construction and{or mainte-
nance of channels, ctc.) is important to planners
and enginecrs concerncd with water resource
managenent. Such information can be used to
compare alternative plans before they arc intro-
duced into the system. In so doing, policies can be
arranged in order of decreasing adverse impact on
the environment. Model-predicted results are also
useful in directing field data collection programs
aimed at the improved assessment of physical,
biological and chemical processes existing in the
bay.

A third use of model results is in extending
field data and remotely scnsed data capabilities to
time frames when this information is unavailable or
impossible to collect. Because these data are col-
lected on a non-continuous basis, a method that
provides interpolation between data collection
periods is essential to assess changesin this dynamic
system. Unless such methods can be applied, events
that occur between data collection periods may be
misinterpreted. Properly used, it can produce
information that is otherwise too costly or impos-
sible to retrieve, It is a reasonable method te link
discrete data collection programs—either field
criented or remotely sensed—in a manner to permit
accurate assessment of the dynamic behavior of the
Bay.
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Te provide such capabilities requires that the
person formulating the maodel be thoroughly fa-
miliar (1) with the system, (2) with the data avail-
able lor calibration and verification, and (3) with
the intended end use of the model results. Of these
three, specification of the data base 1o support
mathematical modeling eiforts s the most mpor-
tunt.

The Relatjonship of Mathematical Models to
D §

0 ion Plan

All data used in the calthbrution, verilication
and implementation phases of o muthematical
maodel deseription of a bay must be statisticaliy
sound, ()h\'inusly, the aceuracy, preciston aned
SCNSIVItY ol model results are never any betrer
than 1he accuracy, precision, and sensitivity of the
distiv used ity Tormlation and application, How-
cver, there i anotlwer imporant Lictor 1o he vun-
sidered data frequency,

Obviousiy, the best daty plan would be ane
providing continuons sampling at ali points within
asvstem, simultancously, This would he the maogi
costlv: plan and, more readistically, tmpossible to
pement, Theretfore, discrete sumpling methods
areused Some plans are classilicd as Follows;

I} within tidal evele
2 tidad cyele

3) daily

1} weekiy

by monthly

G} seasonally

7} veuly (o fonper)

Phese plans may e subgrouped  cither as
random  tuking samples ar dilferent locations at
different periods of time, or synoptic—~taking
Mmples at dillerent Jocations ap the same time,
From e modeling point of view, synuptic plans are
needed for calibration ad desired Lor verification.
Randhm plans are useful iy checking the verified
mrodel resalty foy decaracy and precision,

Adwither fact is that ne data collected on 4
plan shown in the above list can be reasonably, and
cobrately used to generate mode] results in a
fassilication lisced aboye it. (There are some cases
where this is not the tasc—onc such being trend
atalyses within g hay.} Therctore, the plan having
the wrediest frequency, and he highest cost, also
provides the greatest (loxibility. Data collection
plans anist therefore be formulated  to provide
nseihle information at ccemomically feasibie levels,
Ihis requires knowledge of the kind il results de-
sired to da g Job, and more impnrlanlly, knowledge

ol the kinds of maodels a aitable to provide the end
results needed.

;

Because of the complex nature of Mobile Bay
{Fig. 1} and the environmental impacts that are
created by the industrial, muricipal, recreational
and natural communities that surround its waters,
rapid predictive methods could result in sub-
stantial savings of time and ellort in analyzing bay
behavior. The method could also provide answers
related to the abaieinent and prevention of scrious
disturhances 1o the system,
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Figure 1. Mobile Bay System with Approximate Locations
of Industrial and Municipal Waste Waters Discharges.

This study provides such a method which has
as a basis the application of conservation of mass
and species equations subject to the bay ccosystem
constraints, For this purposc, a two dimensional
(surface), non-conservative species transport model
18 developed for Mobile Bay. The model is solved
with a finite dif(erence method and implemented
by computer solution using a UNIVAC 1110
system, The hydrodynamic model for Mobile Bay
developed by P and April {19744} is used to pro-
vide basic cnrrent and dispersion coefficient data
required by the nonconservative species transport
model, The resultant package, referred to as the
Non-conservative Species Transport  Model
(NCSTM) is verified with availuble total coliform
hacteria data obtained from the State Department
of Health and with related historical data provided
in the literature {Ryan 1969). In addition, work ex-
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tending the wmodel capabilities to severe weather
cenditions (i.e., river flooding and storm surges)
is also presented. These examples illustrate the
interactive nature of the data base with model
output. Typical output will be presented for
each case illustrating the form of the results pro-
duced.

MATHEMATICAL MODELS OF THE MOBILE
BAY SYSTEM

In order to better understand the complex,
interactive effects influencing water movement in
the Bay, several mathematical models based on the
laws of conservation of mass and momentum have
been formulated. These include models describing
the hydrodynamics, conservative and non-conser-
vative species transport within the Bay (Table 1),

The mathematical model (Hill and April 1974a)
describing water movement and tidal elevation
within Mobile Bay is based on a two-dimensional
unsteady flow equation and is referred to as a
hydrodynamic model. The water mass is con-
sidered to be reasonably mixed such that integra-
tion of the general three-dimensional equation in
the depth direction is a valid, simplifying assump-
tion. Because of the specific nature of Mobile Bay,
convective acceleration and the Coriolis force make
significant contributions in the momentum equa-
tions. Results can be generated for non-steady
flow when boundary conditions are available as
a function of time, or for quasi-steady flow when
boundary conditions are stable for a time period
encompassing several tidal cycles.

The muaterial transport model for Mobile
Bay (Liu and Aprl 1875) is based on the two-
dimensional form of the species-continuity equa-

Table 1. Mathematical Representation and Operational Modes of the Mobile Bay Mathematical Models

Name Equation Form Results ! Modes
Continuity 0Qx , 0y , M _ gy Tidal Height Tidal Cyele
! dx Oy o i Daily Avg.
' ! Monthly Avg.
Seasonal
Momentum 0Qx + gDQl_—l = Kncosy - fQQ,xD'2 x-Component of Tidal Cycle
x-Component ot dx System Current Daily Avg,
+ Qx(2Wsing) Manthly Avg.
2 ! Scasonal
. D'l[a{vx } . a{vxvy_)] !
: Ox 3y
- agy_ oH 2 -2 ! o
y-Component o + gl>== = Knp“siny - fQQYD y-Compenent of Tidal Cyele
dr dy System Current Daily Avg.
| +Qy{2\r'-’simp} Monthly Avg.
i
i Av. 2 Seasonal
+D7 Vy) . a(vxv},}}
3 3%
, 2 2
' Species o, V2L« VyElc-:— = E{ a—g: + a—f) Concentration of
' Continuity ot O dy dx oy Specics
i
E aC ac
. + 2 (=2 - 22(z
: E (%6sy) - Lay)
I
f . . lﬁ{cvz(zs}-cvz(zb})
i e ]
Salinity R, =0 Salinity | Daily Avg.
! Concentration ! Seasonal
Coliform R, Ki;where K, = i(d) Coliform Bacteria i Monthly Avg.
]-I Concentration Seasonal
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tion, This model is driven by tidal average veloci-
ties and dispersion coefficients generated by the
hydrodynamic model. The results thus produced
dre average concentration distributions throughout
the Bay. Modification of (the bottom boundary in
arcas where salt wedge (stratification or unmixed
region} cffects have been observed, has been used
successfully to simulate three-dimensional charac-
teristics, Similarly, coliform dic-off rate constants
are introduced  when these clements are being
studied with the model,

The model used 1o develop the storm surge
hydrograph is adapted from Wanstraih’s (1978)
open coast maodel. A form of the Reid-Bodine
hydrodynamic model, including cell flooding/
draining capabilities, was used 1o evaluate the im-
pact of surge conditions on Bay water level and
studied with the maodel.

VERIFICATION DATA BASES FOR THE
MOBILE BAY MODELS

Hydrodynamic Model

Synoptic hydrodynamic data at locations within
the Mobile Bay system were reccived from the
U.S. Army Corps of Tngineers, Mabile, Alabama,
for May 1% and 16, 1972, That informaticn con-
sisted of tide charts and discharge rates experi-
mentally determined over a 34-hour period,

Tide heights were taken from the appropriate
charts and converted to read Trom the model
reterenee pline (mean sea level). Fourier scries
were Tt oo data by least squares, Equations used
tor the Daaphin Island-Guif boundary and the
Cedar Paint boundary are piven as: '

LD 1090+ 1,205 * cos (004188 *
+.0567114)

HOP = 1LOBY + £ 177 * o (004188 * ¢
0032453}

A miumum correlation coeflicient ol 0.99 was ob.
tained in cach case,

Manning cocllicients varied from 0.010 to
00500 A coclficient of D.050 was used in the
narsh arca o simulate the low Aow rates expected
i.“ that arca. Values within the Bay proper ranged
Nlem 0.610 10 LO1S, Initially, efforts were made
fo aceount lor variations i roughness created by
oyster beds, channels and spoil banks. However,
Lirge changes in the Manning coefficient caused
only minor changes in flow on the scale of the
mede] used.

The hydrodynamic mode] was exercised over
two tide cycles begmning with estimates from a

[ ———

previous run. The first step in the verification
process was @ check of the tidal heights at Mobile
State Docks, Great Point Clear, Fowl River, and
Bon Secour. Both tidal amplitudes and phases
checked closely with the actual data (Fig. 2).
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Figure 2. Tidal Cycles at Four Locations in Mobile Bay for
Maodel (dashed lines) and Ficld {solid lines) resulta.

That was significant in view ol the fact that the
forcing function in the Gulf of Mexico and at
Clear Point are smoothed data derived from
storage equations as previously discussed in rela-
tion to boundary conditions. Qther factors that
may have influenced somewhat the exactness of
the {it were localized winds and adjacent marsh
areas that may have flooded at high tide. Details
of the calibration and verification phases of this
study can be found in reference works by Hill and
April {1974a,b).

The sccond verification step consisted of a
comparison of discharges at Main Pass and Cedar
Point with field measurements taken by the Corps
of Engineers. Discharges were calculated by the
Corps from periodic measurements at various loca-
tions in those passes at a depth of 0.2 and 0.8
times the depth of flaw. An arithmetic average of
those values was considered to be the average value
for that location in the vertical direction. Horizon-
tally, the area covered was half the distance to the
adjacent mcasurement [ocation on either side.

The correlation between actual data and
model-predicted data at Main Pass was excellent
(Fig. 3). This was expected because flows were
well behaved and represented the major discharge
routc from the Bay; the other being at Cedar
Point. There was a deviation at Cedar Point be-
tween model-predicted and field results {Fig. 3).
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Figure 3. Discharge Rates at 2 Localions in Mobile Bay for
Model (dashed lines) and Field (solid lines) Resuits.

During the course of this study, flows through
Main Pass evidently had a direet inlluence on the
flows through Cedar Point. At one point discharge
rates for the Cedar Point boundary were used by
necessity to define precisely the tide delay beiween
the Gulf and Cedar Point. This aspect points out
the interactive effects between Mobile Bay and
Mississippi Sound and the desirability of ultimately
linking model descriptions of the Sound with the
Mobile Bay model (1Ll and April 1974b). Such a
study is currently underway.

In subsequent studies, river fTow rates in excess
of those defining lNood stage conditions were also
made. Results, as in the case of the earlier invests-
gations, are expressed in terms of water clevation
and movement at locations within the Bay,

linity Model

Some salinity data were received from the
Corps of FEngincers, Mobile, Alabama, for the
peried of May 15 and 16, 1972, The number of
locations sampled in this effort was judged to be
insufficient for verification purposes. This was
particularly true since all locations were within
the ship channel. Considerable salt concentration
data were located in the literature for the month of
Qctober, 1952, Average river flows obtained from
the U.S. Geological Survey lor that time period

-

indicated a fresh water input of 340 m* sec”

(12,000 ft® sec'). The hydrodynamic model was
exercised using the modified river flows to com-
pute the pertinent data for the salinity model,

Dispersion  coefficients and net  velocities,
calculated in the hydrodynamic model for each
grid location, were used as input data for the salinity
model, The Gulf boundary saline concentration
was set at 35 parts per thousand {ppt). The concen-
tration at Cedar Point for October, 1952, was cluci-
dated from the Jiterature (Hill and April, 1974b)
and setat 25 ppt. Dog and Mobile Rivers were set at
Zcro concentrations,

The salinity wedge was accounted for in the
Bon Secour arca. This arca was chasen rather than
the ship channel for several reasons. First of all,
data available indicated that effccts in the ship
channel were minimal. That muy be attributable
to the low comparative surface area invelved on
the scale of the maodel studied, Secondly, the
literature (Barlow ¢t al. 1955) indicated that a
large arca in Bon Secour was influenced by the
wedge. This is expected as a result of the flow
patterns in the arca. Finally, the model indicated
that the salinity wedge in Bon Secour significantly
contributed to the overall salinity patterns, This
was achieved in the model using a first order equa-
tion for the rate of mass transfer [rom the salt
wedge to upper water layers. The valuc of the
mass transfer coclficient, Ky, used in this rate
cquatien was taken as 0.00G002 *E ... Simu-
lating the three-dimensional salt wedge elfect in
this manner gave model results in closer agreement
with reported field data.

The salinity model was excrcised for 16 tidal
cycles beginning with cstimates [rom a previous
run. Data from the literature (Barlow et al. 1955)
were averaged for ebb and flood tides as well as in
the vertical direction and compared with model
trends,

Mode] results were in general agreement with
the field data. A deviation along the westem side
of the Bay may have been the result of unidenti-
ficd fresh water flows in that arca, as in the casc of
Dog River at the outset of this study. This was
surmiscd from several picces of information,
Profiles from the literature indicated a rather
strong net outflow along the extreme westem
shore even for low fresh water flows (Barlow et al.
1955). This was in contrast to Farth Resources
Technological Satellite photography and coliform
profiles, which indicated the main thrust of net
outflow was down the ship channel and minimum
flows adjacent to the western land boundary.
Even with the possibility of additional fresh water
flows, the model-predicted isohalines appeared
reasonable and led to a study of natural phe-
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nomena expected in Mobile Bay as a {unction of
various wind and river conditions.

Coliform Model

Total coliform group concentration data for
various locations in Mobile Bay were collected by
the Alabamia Stute Department of Health for the
periad from Junuary 1962 to August 1962, Coli-
furm concentrations were oblained by analysis
according 1o “The Significance of EC Positive
Organisms  in Gull Shellfish  Growing Waters™
(Nosty 1974).

The maodel was verilicd on g monthly basis,
Lo, monthly average conditions were used, and the
maodel results were tabulated and compared to the
monthly average values of actual data, The 70%
canfidence ranges of the actual data were also
tabulated to indicate the range in the monthly field
ditta wverages. Model verilication was based an how
well modeb-predicted resules Fell within the field
data range ar the several locations within the Bay
forany given monthly period.

Because of the dependence of the species-
contimuity eruation on the hydrodvnamic model
of Mobile Bay Tor current distributions and dis-
persion covflicients, the first step in the verifica-
tion procedure involved specification of data neces-
sary lor the proper description of the hydrody-
namic behavior of this bay. This included the cal-
culation of monthly average river flow rates, wind
conditions and  tidal conditions for the period
fur which total calilorm Rroup concentrations were
available.

Additionally, 1he 1ol coliform dic-off rate
constant, Ky, used in the madel was caleulated as 2
hinction of monthly averape water temperature of
the Bay. These temperatures were estimated (rom
the bimonthly  average  water temperatares  of
Maobile: Bay  compiled by Bault (1972). Water
twmperatares are not untform in the Bay and the
degrec of mixing that oeeurs benween sea water
and river water within the Bay will affect the
temperature distribation, In this study, tempera-
thres were considered  homagencous thraughow

the Bay. Temperatures can be adjusted lincarly
l)c't\\"vvn the values corresponding to Guif of
Mexiea water temperature and river water tempera-
ture to approximate real system behavior. In this
study, where monthly average values were investi-
satedd, the sea water intrusion offect was neglected,

Tetad coliform group concentration data for
locations having severe pollutant input into the
Bay were used as loading concentrations at each
relevant grid  cell, They were held constant
']1'1’Ullj.(|1:|ul cach computation. Louading at Mobile
River has been found 10 be the main source of

pollution of Mobile Bay (Lis and April 1975),

Results are presented as model-calculated total
coliform  profiles  within  Mobile Bay. Similar
results were tabulated for cach month from January
to August, 1962, during which the verification
phase was perflormed. Tod coliform concentratiofl
vs. time {maonth) curves are also presented to indi-
cate the trend of concentration changes with
seuson (Liv and April 1975).

Storm Surge Model

Adapiation of Wanstrath’s (1978) open coast
model to the Northeastern Gulf of Mexico pro-
vided storm surge hydrographs at the Mobile Bay
entrance, Suificient data for Huwrricane Camille,
1969, were used to specify the hydrographs along
coastal Alabama. Once achicved, these results are
linked to the Mobile Bay hydrodynamic model.
Results were then obtained as increases in water
clevauuns, velocitics and salt concentration as the
storm surge approached the coastline. Both within
tide and tidal cyele averaged modes were used in
this analysis,

THE INFLUENCE OF SYSTEM CHANGES ON
MOBILE BAY BEHAVIOR

In order to assess the impact that changing
river flow rates, wind econditions, coliform loading
concentration and water temperature have on the
bydrodynamic and material transport propertics
of Mobile Bay, a parametric study was conducted
using the developed and verilicd mathematical
models. The results of this study are discussed in
the following sections, subdivided lor clearer
presentation of the material.

Normal River Flows and Wind Conditipns

Three river flow rate conditions were investi-
gated (340 m? sec™, 1246 m? sec! and 6938 m?
sect ). Also wind conditions were studied at 0, 8
and 13 m sec”! speeds blowing from the pre-
vailing direction (southwest). The effect of these
system changes on cxireme (high and low) tidal
clevations at four locations in the Bay are shown
in Table 2. In cach case there was a pronounced
influence of wind speed on tidal elevation, especially
toward the northemn Bay. This was caused by the
retention of water because of wind stress conditions
and the decrease of Bay width from 39 km in the
south to 13 km in the north,
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Table ¥, Extreme Tidal Elevations (Feet) from Mcan Sea Level for Varying River Flow Conditions.

River Fiow Rate, c[s 12,000
(m3 sec’!) {340
Wi G R, . -
Speed, knots® 0 15 25
Direction SW S 5W
State Idocks
Iigh TideP 2,57 274 3.77
l.ow Tide -0.24 0.30 1.67
Point Clear
High Tide 254 266 3.21
Low Tide 087 (0,02 0.80
Fow River
High Tide 2.51 2,61 3.3
Low Tide -0.23% .01 67
Bon Secour River
High Tide 2.45 2.51 254
Low Tide -0.20 -0.12 0.29
6 obtain m sec’! multiply speed in knots by 0.5148.
Ta obtain m multiply elevations in feet by (13048,

44,000 245,000
(1246) (6938)
0 1% bids} 4] 15 25
SW SW SW SW SW SW
2.60 2.84 3.87 3.06 3.29 4.28
0.05 0.57 1.87 1.97 2.20 277
250 2.67 3.73 2.55 2.70 3.38
-0.19 01 0,83 .05 0.26 1.09
2.49 2.62 3.07 258 2.70 3.21
0.14 0.02 7 0.14 .31 1.01
2,41 2.50 2.75 2.47 2.48 2.81
-0.14 BRI N 0.31 0.07

-0.04 0.47

Similarly, significant vuriations in tidal cleva-
tion were observed at high river flows in the north
with a rapid disstpation 1o nearly normal levels at
the mid-Bay locations. The influence of these
system changes on current direction and speed was
likewise discussed in the original study document

(LIl and April 197-1).

The influence of river flow ratc on Bay salinity
is illusurated in Figure 4. Suppression of the sa-
Iinity content of intrnding Gudf waters was ob-
served during high riverine inflow conditions, The
Bay approached mver-dominant characteristics in
the upper one half of the Bay when flows cx-
ceeded 4248 m? sec?,

Wind Speed

Curwve 1
I Sec

13

)

+

L+

s m—
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|
;' 340 m? gec~l

1266 m? sec~l

Figure 4. Southwest Wind Effect on the Salinity Distribution Patterns in Mobile Bay for Three River Flow Rates.
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Wind specds above 8 m scc™! influenced salinity

distribution in the Bay. Charactcristic shifts in
freshwater flow patterns can be traced by tollow-
ing salinity profilc trends from 0 to 13 m sec”!
wind conditions (Fig. 4). Downward profiles
gradually oscillated as the wind speed approached
8 m sec’ followed by a reversal in the profile at
13 m sec’!. These shifts were directly related to
wind stress conditions imposed by the prevailing
and constant southwest wind.

Similarly, total coliform hacieria group counts
shifted south-castward when river {low rates in-
creased (Fig. 5). This was caused by lower reten-
tion times necded Tor the coliform bacieria to die
off resulting in higher residual coliform concentra-
tions in all parts of the Bay. The results in Figure 5
are for conditions of constant coliform loading
that, i most cases, did rot exist during high river
flow conditions. A more realistic way of assessing
the effeet of changing coliform loads independent
of river flow rates 15 discussed 1n the following
section,

Hiver Fiow Bate, m” s !
Marie Trtmw
[AT) (L1
ine P4
m 1%

4 rliuam Macberia i bl P/ 100 mi

Figure 5. Effect of River Flow Rate on Coliform Bacteria
Disttribution in Mobile Bay,

Effect of Varying Coliform Loadings

Cell-loading concentration of total coliform at
the mouth of a river reflects the pathogenic pollu-
tion potential of the river rclative to the Bay.
This concentration is attributed to waste loadings
from sources such as municipal, industrial, and
rutal areas. After periods of heavy rainfall and run-
off, the river flow rates stabilize. However, coli-

form loading along the river course usually peaks
and begins decreasing at rates greater than river
flow decreuses, In this discussion river flow rates,
wind conditions, and temperature are held con-
stant. The only chunges made were on the loading
concentrations ol total coliform bacteria at the
mouths of Mobilc and Tensaw Rivers. The result-
ing total coliflorm concentration profiles are shown
in Figurc 6. Comparisons were made at two
concentrations of 70 and 1000 MPN/100 ml. Each
of the shilts of the coliform concentration profile
was in the order ol 2 grid widths (4 km). Note that
the 70 MPN/L1O0 ml conteur shifted as many as
G grid widths from onc extreme to the other as 7/8
of the original total colitorm bacteria was removed
or reduced. These changes in total coliform loading
were also more representative of conditions that
might be achievable for varying degrees of treat-
ment of municipal and industrial waste sources.

it Mabile River

Colilorm in MPMI1D0 M

k-4
L

Figure 6, Coliform Bacteria Distribution in Mobilc Bay as a
Function of Loading Concentration in the River System,

Temperature

Effects of changing temperatures on total
coliform distribution are shown in Figure 7. The
shifts of the 100 and the 500 MPN/100 mi total
coliform concentration isolines were in the order
of 2 to 4 grid widths (4 to 8 km) from run to run.
Shifts of that magnitude can sericusly affect shell-
fish harvesting activities in the Bay, cspecially in
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the Bon Secour Bay arcas. This simulates what can
happen ta the coliform distribution in case of
sharp temperature variations when all the other
system variables, ic., river flow rates, wind
conditions, and waste loadings remain unchanged.
The reason for such pronounced shifts of coliform
concentration  profiles was the  temperature
induced change in dicoll rate constant, K. When
water temperature in the Bay was higher, total coli-
form bacteria dissipated at a higher rate, and the
colifurm concentration in the Bay decreased. When
water temperature was lower, K was smaller, the
total coliform bacteria died at a slower rate, and
the colifirm concentration in the Bay increased,
This cffect also partly accounts for observed sca-
sonal variation of total coliform concentration
within Mobile Bay (Gallagher 1969).
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Figure 7. Coliform Bacteria Distribution in Mobile Bay asa
Function of Water Temperature.

Abn River Fl and
Storm Surge Conditions

When severe weather conditions are encountered
by the Bay area, the normal patterns of water flow,
water clevation and salinity are greatly altered. In a
study by Hu {1979) river flow rate conditions in
excess of Mooding state (7000 m® sec”') and storm
surge conditions were investigated with results
compared with normal conditions.

River stages in excess of 7000 m? sec™! intro-

duced a Jarge amount of fresh water into the Bay
at the rivers in the north. These flood stages usually
occurred between March and May. The overall
impact on bay behavior was total dominance in
the upper 2/3 of the Bay by fresh water. This is
shown in Figure 8 in which the tidal cycle average
salinity profiles are plotted [or varying river flow
rate up to and beyond flood stage values. Note the

SCALE

(a} 340 m’ sze™! (b}
by
VAN
J
A\
b X :a_;’\\:\ e
() G938 sic” (d) 8620/ sec?!

Figurc 8. Tidal Cycle Averaged Salinity Profiles {in ppt) in
Mobile Bay for Four River Flow Conditions.

effective blocking of Gulf water at the 7000 m?
sec”t flow in which only 5 ppt salinity reached a
point 15km from Main Pass. The entire Bon
Secour Bay area was likewise at or below 5 ppt
when flows approached 8500m’ sec’’. Addi-
tionally, at a Ievel greater than 8500 m? sec™ there
appearcd 1o be little change in the overall salinity
pattern over the tidal cycle. Excellent agreement
with field data collected by Schroeder (1877) can
be seen in Figure 9 for the lower Bay at Main Pass,
Field data, depth averaged over the sampling
period, were compared with maodel isohalines for
the same periods during each tidal stage encountered
during the survey. Agreement in all cases was
within cxperimentally accepted limits, Likewise,
water elevations increased with increasing river
flow rate (Fig. 10). The greatest increase occurred
in the State Docks area where the fresh water
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noticeable increases occurred in Bon Secour Bay
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Conversely, during storm surges, the Bay water
behavior s dominated by the intrusion of sa.lm.c
Figure 9. Dohalines for the Lower Mobile Bay Under R Gull water. Conditions typical of storms in this

1gure ¥, [kohalines for T wer Mobile ay Undger River - - - - ’
are: . ¥ y t 1969) were used
Flood Stage Conditions; () 3300 m3 sec”! and (b) 8410 arca ol the (_:uii (Camille, Augus )
m? see™? in the analysis,

Table 3. Velocity Distribution of Mohile Bay Waters under River Flood Stage Conditions,

1
Tidlal Sragc?

T
Fiooding ‘ High—Ebbing Flaoding - High High —Ebbing
River Flow Rates, m” se¢”! 3060 5000 7000 8000
Velacity Components” Mag. Dir. . Mag. Dir. Mag. Dir. Mag.  Dir,
! , 1
ay Location: i
Main Pags 1.33 267.8 136 2690 141  269.0 1.46 268.0
Cedar Foing 0.24 240.9 0.20  246.0 : 0.21 242.0 0.25 2440
State Docks 0.29 270.0 0.39  270.0 | 0.51 270.0 3,60 270.0
Foint Clear 0.06 310.0 0.16 3240 | 010 324.0 0.12 3220
Bon Secour Bay 0.06 216.0 i 0.09 1995 | 007 1890 007 2200
C e . . 1. . . - -— - _}—.- —_ -
4Flood stages repeesent the periods over which field data were available for comparison purpases, The complete tidal cycle
was hroken down into fourtns; Nooding, high, ebbing and low, see Figure 9 [or illustrations,
i"I‘he velocity components inchude the magnitude (Mag.) measured in m sec”! and the direction {Dir.} measured in degrees,
where 270° represents flow 1o the south,
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The impact on Bay behavior can best be seen
by comparing the tidal cycle averaged salinity
pattern {Fig, 11) with previous patterns (Fig. 8).
The entire Bay was subject to salt water intrusion
with a level of 26 ppt at the State Docks in the
northern Bay. This can likewise be seen in Table 4
in which the extreme variation between river flood-
ing conditions and storm surge conditions werc
compared with normal conditions. The fresh water/
saline water dominance is clearly illustrated.

State
Dock

River Flow Rate!

1240 m3 sec—l

Wind Condirion:
21.4 m sec~}(SE)

Salinity in ppt

Point
Clear

Bon Secour

‘> Bay

Main Pass

R

Figure 11. Salinity Prolile in Mobile Bay Under a2 Storm
Surge Condition,

—

Likewise, water elevations increased in all areas
of the Bay. The greatest change occurred at Bon
Sccour Bay (Table 5) under storm surge conditions.
Values for different river flow rates up to flooding
stage are also shown, Such large changes, as illus-
trated during these periods of upset, resulted in al-
terations in all aspects of Bay behavior; physical,
chemical and biological. More importantly, the

manner and period required for the Bay to return
to normal state is important in water quality plan-
ning and decision making,

CONCLUSIONS

The methods and corresponding results illus-
trated in this paper are intended to be examples
of the many ways in which mathematical descrip-
tions of natural systems can be used to assist in
water quality management functions. Of equal
importance was the emphasis placed through-
out the discussions on the data base used to sup-
port the mathematical simulations.

Often models are used without a data base, or
with a data base that does not correspond to the
time frame over which medel information is being
sought. This results in gross errors, false interpre-
tations and inaccurate policy decisions about the
witer system being modeled. However, when the
analysis using modeling methods is paired with
reliable data, trend behavior and, in many cascs,
predictive behavior can be obtained and used
effectively. Therefore, the design of 4 data collee-
tion system to produce accurate model results of
the kind desired, or, the adaptation of the proper
model to fit the data already assembled is 4 neces-
sary first step in any numerical simulation cffort.
Recognition of this essential step often dictates the
fate of a modeling effurt as a benefit or curse o
the user.
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Table 4. Comparison of Salinity Values {ppt) at Five Locations in Mobile Bay
as a Function of River Flow and Storm Surge Condition,

T |! 1
River Flow Rate, m* sec”! 1250 : 11300 17000 1250
Condition Nurmal River Flooding River Floeding Storm Surge
Bay Location:
Main Pass 30 14 13 34
Cedar Poimt 18 5 3 25
State Docks 5 I 1 27
Poim Cedar 1% 1 1 26
Bon Secour Bay i6 3 2 20
L i L
Table 5. Comparison of Maximum Water Elevations (Meters) for Three Mobile Bay Locations
at Varying River Flow Rates or under Storm Surge Conditions.
T i i
! River Flow Rate, m? gec”! 340 1250 6960 1250
' Condition Law Flow Medium Flaow High Flow Storm Surge
[.ocation:
State Docks 0.78 .79 1.10 | E.19
Poini Clear 0.77 0.76 0.78 i 1.48
l Bon Secour Bay 0.75 _ 0.74 0.75 1.65
i i !
; NOMENCLATURE ¥ Angle Mcusurement in the Coriolis Term
€ Concentration of Species i the Water Column, 9 Differential Operator
AV
1 Depth of Water in the Bay, L SUBSCRIPTS
Eo Rate of Mass Uranslor by Lvaporation, LfT
Dispersion Coelficient, 1.2 7T b Bettom
I Bay Battemy Friction Factor o Source or Sink Term
K Gravitational Acceleration, 1/} r  Resuspension
H o Tleight o] Water above a Cell Datum, I s Sctling
Kk Constangs Surlace
Q Discharge Rate, Per Unin Gell Depth 12 /1 X FastWest Dircetion
R Riate of Miuss Transivr by Rainfali, 1./ y  North-South Direction
Rate of Disappearance or Appearance of Mass,
MLAT

L Time, T
V' Resultant of the Veloeity Veetor, LT
v Local Grid Velocity, 1/T
W Angnhir Veloeity of Earth, L/T
X Distanee (East-West), 1
Y Istance (North-South), 1
2 Iistnee (Depth Direction), 1,
7 Wind Speed, LT
6 Temperature

Wind Direction
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PANEL DISCUSSION - MODERATOR, DR. BRUCE TRICKEY, EXECUTIVE DIRECTOR,
ALABAMA COASTAL AREA BOARD

MEMBERS

Dr. Gary April, University of Alabama

Mr. Donald Brady, South Alabama Regional Plan-
ning Commission

Dr. Wayne Isphording, University of South Alabama
Dr. George Lamb, University of South Alabama
Dr. llugh McLellan, U.S. Army, Corps of Engineers
Dr. Will Schroeder, Marine Environmental Science
Consortium

TRICKEY: TI'd like to be forgiven for the view-  this question with regard to the synergistic effects
point I am going to take. I'd like to stimulatc the  in our fields?

maximum amount of discussion, This means that |

have to take a somewhat adversary position, per-

haps, with some of the panel, at least, to stimulate TRICKEY: All of the people here are interested
some discussion. We have all thesc experts here, in the problems of Mobile Bay, and everything
and this is our chance 10 get some input into some  they do is related to that in some way or another.
tough questions that some of us may want toask.  The problems in the Bay are of a kind that many
One of the first questions is, “How do wc measure  people here are very concerned about. Is what we
success?"" 1 am not so sure that success is being able  are doing relevant to those questions and those
to predict wind going up and down the bay or the problems?

tide. Everybody knows that as the moon gocs

around the world, the tides go up and down. But, SCHROEDER: If you are asking about stressing, |
at the same time, what is this doing to the ecology. 1114 say that the upper Bay from Hollinger's
[don’t think we quite ticd that one in yet. Sowe  Igand, on the Delta and particularly the western
have to somehow find out what they are trying to  G4a i certainly impacted. The eastern side is in
do when they do all this modeling. We S€em 19 fact under a stress situation with regard to bottom
know a great deal about Mobile Bay, but isitrele- /o pvion because of the shoaling resulting from
vant to the problems? Do we know a lot that e Genosit of material from the ship channel. Re-
doesn’t I:lclp very much in dccmonmakmg_ and not garding the lower end of the Bay, we were out
crough about what we need to do when it comes recently to verify for our own minds whether or
to making decisions that are very important for the not the shoal banks still existed, and we really
future? We have to also try tu achieve a discussion couldn’t find any. In the absence of many of the
with considerable candor in it because if we make old time shoal banks, whatever they may have been,
it simply bland, we all go away without having (we seem to lack any real documentation of the
used this opportunity to bring out facts that we ... positions of those) the lower Bay is not un-

need to know In order to come o better decisions, der the stress the upper Bay is with respect to bot-
I'd like to ask the panel, to begin with, is the Bay tom circulation

getting better or worse? Is it lightly stressed, mod-

crately stressed, or heavily stressed? Will, would TRICKEY: With respect to bottom circulation, ts

you take off on that one? this a significant factor? What does that do to the
plants and animals in the Bay?

SCHROEDER: Bruce, I'm all for approaching a SCHROEDER: Well, I am not a biologist, but cer-
preblem with all the candor that we can. But I am tainly the biological system tesponds to the physi-

afraid that I have to respond with a question be- cal and chemical systems within the Bay.
fore 1 can answer, and that is: Do you want us to

look at individual processes or are we answering
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TRICKEY: That’s the tiein. They tic together
that way.

SCHROEDER: Certainly, I think all of us here
would feel that what we are trying to do is charac-
terize certain aspects of the physical, chemical, and
geological environment in a manner that gives us a
point from which to depart in saying whether or
not the Bay is stressed relative to some of what we
have studied, We are probably, individually, along
way from coupling up one on one to biological
work, simply because we are still trying to do the
work in our own house. We arc not ready to move
out yet,

TRICKEY: You had seinc pretty strong recom-
mendations in your discussion, Will. 1 guess your
rccommendations were related to your concern
about how things should be done out there,

SCHROEDER: Inmy opinion it is very important
to protect the natural circulation regimes within
the Bay as best as possible if, in fact, we want the
Bay to continuc along a natural course of events.
On the other hand, if we feel, somewhere down the
line, that we know how to manage the Bay In a
manner that we can alter it physically and still get
from it everything we want, perhaps [ will change
my mind. [ don’t feel we have the ability to man.
age the Bay apart from its natural setting; therelore,
we'd best Jeave it alone and work within that frame-
work. [ am willing 1o accept a middle-ground posi-
tion with respect to ship channels or cuts in the
Bay, providing that we have done as much home-
work as we can to understand the consequences
that may result,

TRICKEY: Dr. April, you have obviously a very
long and deep and tremendous background in
modcling. 1 you were forced to answer, what sort
of relevance do you see? How much accuracy or
how much credence can we give 10 modeling ef-
forts for the Bay for the decisionmakers?

APRIL: 1'd like to go back to the {irst question,
namely, is the Bay stressed? Yes, the Bay 15
stressed. Any  time you have large population
densities where you have municipal impacts, in-
dustrial impacts, any system is going to be stressed.
The ideal situation is that every natural body has
its own limit of assimilative capacity to handle the
input, the pollution, that it can take. Up unul
about 1960, people were not concerned about the
assimilative  capacity of certain natural water
hodjes. As a result, there wasn’t a large outery, As

our technology developed, as we sent man into
space, we became more aware of looking at things
on a very minute scale, very accurately. We decided
that we had vversiepped our limit, We can unstress
Mobile Bay from man-made type activities. That is
a very possible and a very realistic kind of thing to
do. To do that, we first have to understnad what
the impacts arce, and 10 do that we need to know
the physical, the hydrologic, the biologic, and the
chemical eflcects that are impacting on the Bay,
The second thing is we have to realize that, and 1
quote my Tather on this, “vou don’t get nothing
for nothing.” If you want a clean bay, you have to
pay [ur it T got into the business as a chemical en-
gineer because 1 hive an interest in chemical engi-
neering impacts on natural systems. My industry,
my profession, any current course in chemical
engineering, does not overlook environment. Any
process which any engineer develops, in my pro.
fession, always considers that. And processes are
now going from very large discharges of pollutants
to what we refer 1o as total recvcle. When we get
to total recycle, the industrial impact is going to be
nil. Then we are back to the oild thing that Will
said; we still have the natural system. What we
choose to do from that peint I don’t know. Can we
improve it beyond the natural behavior of the Bay?
We are too far away from that to be able to say,
but in terms ol the short run, the management
aspects, | think what we need to look for is how to
optimize. How do we keep within a reasonable
level of things that we can do? The only answer |
see is good, accurate information to predict the
effects before we rush out and do something that
has no scientific basis, Emotion won’t solve all
these problems, but facts and data will, and mathe-
matical modeling is a way ol getting at the facts
and data.

TRICKEY: Dr. Isphording, would you let us have
your opinion on whether you think the Bay is
stressed and (o what extent and so on.

ISPHORDING: My study involved simply deter-
mination of some of the chemistry of the Bay. It is
hard for me to tell whether it 1s stressed or not. 1
am not a chemical engineer. What I was doing was
gathering baseline data. 1 would have 10 go along
with Dr. April in that until we have an accurate
modeling of the bay, it is going to be very difficult
for us to assess the influences that industrial con-
tamination and any other source of natural deposi-
tion taking place in the Bay will have on it. There
is no doubt that the Bay itsell has a stress put on
it. The Bay is stressed. It is siressed by both natural
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systems where you’re depositing and filling in the
Bay in certain areas, It's being stressed, we can see
from our preliminary chemical data, by the efflu-
cnt being deposited in the Bay. The effects on this
are hard to assess except from the standpomnt that
our preliminary data indicate that many of the
heavy metals that are being dumped into the Bay
are being locked up in the sediments in such a way
that thesc are not permanently partitioned and
that these can be remobilized. I don’t think people
understand enough about remobilization of heavy
metals. Once you get somcthing deposited in the
bottom Bay sediments, that doesn’t mean it is
there forever. There are a number of things that
can act to remobilize these. We are able to observe
this high concentration of the heavy metals with
silt, clay size materials, when we look at these oys-
ter reefs. Fortunately for us, the oysters don’t like
the clay substrate. If they liked the clay substrate,
we'd be in bad trouble, because they are filter
fveders, and they would act upon these heavy,
metal-doaded sediments and extract the heayy
metals from them. But we don't know what the ef-
lect is on other animals, and I think we need base-
line studics on these in order to establish this.

TRICKEY: Thank you sir. I wonder if the panel
has some questiens that they would like to discuss,
or do you have any answers, [or instance, to the
dilemma that the area is in, at the moment, be-
tween the modeling studies done for the 208 by
Don Brady and the EIS brought out by the Corps.
These two opinions which the Corps now has, in
its own shop need somehow to be reconciled. One
made] study says do it, and the other study says
don’t do it. How is this going to come out, Mr,
McLellan?

McLELLAN: [ certainly don’t know how it is
going to come out. I was talking to Don a little
earlier. We need to get together, obviously, and
perhaps put together the technical committee we
had together in the scoping mecting on the EIS.
The EIS’ primary point of divergence from the
208 plan lies in the domestic wastes aspect of the
culture,

TRICKEY: Mr. Lamb, do you have something to
add to that question? Ilave you studied the EIS
and the Corps efforts in this area?

LAMB: No, I haven't, really. But, I have been in-
teresied in this sediment distribution, and 1 think
there is one interesting point that a number of
people have brought out herc. Earlier in the discus-
sion, somebody said that as soon as an estuary is

born it starts to be destroyed in that it is filling in
with sediment. Another was that we are just begin-
ning to accumulate data on the Bay. I wish my
ancestors, some of the Creek Indians that used to
roam around here, had kept some data, had gathered
some data, so that we would really know what the
Bay was like before there was any impact by man.
One of the big stumbling biocks is the tack of data.
What was it really like? How much sediment was
coming into the Bay? What kind of sediment? Are
some of these heavy metals that we sce natural?
Were they coming down the rivers before there was
any industry? That has been suggested by various
peopie. I don’t usually believe it, but it is 4 pos-
sibility; nobody knows, That is one of our big
stumbling blocks and we are still at that first step,
unfortunately, I wish somebody had collected data
years ago so that we could come along now and
have something to compare it to and show what
changes have been made. If you could see what
changes had been made, then you could see what
direction you were going in and maybe predict
something, but if you don't have anything to com-
pare to, If you are the first person that goes out
into the Bay and starts to look at it, then there is
no hasis for comparison. You can’t see how it's
changed. We are just stumbling through this, |
think in the last decade there has heen more infor-
mation gathered in the Bay than all previous time.
We really are just beginning to accumulate enough
data so that we can come up with any sort of pre-
dictive devices.

TRICKEY: I'm with you there. 1 think this effort
today and tommorrow, this symposium, is one of
the more important things that is happening in the
Mobile area, It ought to set a tone or base for the
direction we take in the future in an excellent way.
I’'m going to give Don Brady a break and see what
he has to say about the same question I raised with
Hugh Mclellan.

BRADY: First of all, Dr, Trickey, I don’t exactly
agree with the statement that one model showed
that the discharge should be allowed and another
showed that it shouldn’t. I don’t believe there were
two models in this regard. The EIS didn’t do any
modeling. All they did was an evaluation of the
modeling. 1 do believe that from my reading of the
EIS it indicated that under normal operating con-
ditions, there wouldn’t be any significant impacts
on the oysterbed, which is the main concern here.
It was the possibility of the breakdown or failure
of the system which would cause the concem. 1
believe this is true. Their evaluation did not take
into consideration the second holding pond that
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was recommended in the 208 study, This holding
pond wauld be SHII'II“‘\-'"\}IE‘EIII a tail sufe hokling
pond, i youw will, mmto which, In case ol o break -
donvn of the sanitary Taciliiy, imtreated miuieal
waste would be diverted, and 1t would hive a5 to
7 day capacity and would contain those unireated
waustes until such time as the maltfuncuon could he
corrected. Then that raw, untreated waste would
be recyeled hack through the plant {ov 1reatment
helore it wis discharged o 1he holding pond, and
then from the holding pond into the pipeline. |
think that this concept of the waste treatment pro-
cess that we defined in the 208 plan was not fully
or adequately treated anthe RIS, [ don’t believe
from our evaluation, as lar as water quality is con-
cemed in comparison with the Alabama Water Im-
provement Commission standards, that (he Bay
itself is constrained in any way by paint source dis-
charges existing, The lower Mabile River is, Chicka-
saw Creek s, Three Mide Creek 15, but the Bay isel!
is insignificantly affected. Only i the northwest
corner of the Biav where the river mouth enters, is
there any sigmlicant water quality impact from the
existing poms source discharges. In fact, our analy-
sis readly showed that the greatest stress comes
from the high freshwater inflows and the urban
storm runefl especially in the delta area. 1 don’t
know whether that answers yvour question divectly
or indirectly, or at all, but o think that perhaps
brings a httle more light on whiat our modeling
elfort does recommend.

McBERELLAN: The EIS wis written according to
the plan that the Mobile Water and Svwer Board
told vy that they were going te do and wha the
contractor teld ws they were going 10 do. 1 think
there Tvas been o misunderstanding as to whether
there would be o holding basin or not for the
dennestic waste. As Don said, we did not do any
nreleling, The primary point of divergenee in the
annalyses relates to the diffusion system in the Bay
m 1l our contractor, who prepared the EIS far
ws, says the diffusion sysiem will give us about |
to b chilution. South Alabama Regional Planning
Commission expeces a b to 20, Our contracior wlls
us, o % would be the maximum for redesign of
the diffuser.

112




MARSHES OF THE MOBILE BAY ESTUARY: STATUS AND EVALUATION

Judy P, Stout
Umniversity of South Alabama
Dauphin tsland Sea Lab
Dauphin Island Alabama 36528

ABSTRACT

Approximately 5,651 ha (13,955 acres} of
marshland are currently found in the Mobile
Bay Estuary. Of these, 1,333 ha (3,291 acres)
are salt and brackish environments and 4,319
ha (10,664 acresj arc freshwater., Distribution
in the Estuary is described. Pressures resulting in
destruction or alteration of marshes within the
Estuary include dredging and consequent spoil
disposal, erosion, marsh filling, petroleum pollu-
tion and industrial pollution,

The data base for evaluating the marsh re-
sources of the Estuary i1s poor and specific needs
are enumerated. Management recommendations are
made based upon local information and that
available from other areas because of the scarcity
of local data.

INTRODUCTION

The roles played by marsh ecosystems are
many and varied, whether tidal or inland [resh
marshes. Of primary importance is their role as
primary producers for the dertritus-based food
chain. High levels of productivity, low grazing
pressure, enrichment by microbes of detrital
material and tidal transport to estuarics and coastal
waters may combinc to provide a rich and abun-
dant food source {Cruz 1973, Valiela et al. 1978).
Marshes provide habitat for young and juveniles,
especially of commercially important species, and
breeding and spawning areas for others. A positive
correlation between commercial yields of penacid
shrimp per unit arca of intertidal marsh and lati-
tude has been demonstrated for 27 locations
worldwide {Tumer 1977). Additionally, marshes
play important roles in water quality and quantity,
removing nutrients and toxic materials from the
water and regulating flow (Banus et al. 1974,
Pomeroy et al. 1966). These densely vegetated
areas are also quite successful at sediment binding
and erosion control,
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To assure continued performance of these and
other roles, marshes must be protected from
destruction or deterioration by wise management
policies based upon an adequate, sound data base.
The effects of each potential activity on marsh
tracts must be understood. In the event that natural
conditions must be allowed to deteriorate, plans
must exist to ameliorate the situation or restore
previous values to the system.

CURRENT STATUS OF THE RESOURCE

Description and Distribution

The distribution, aerial coverage and species
composition of marshlands is dependent on several
environmental variables, the more important of
which are tidal range, shoreline elevation, topogra-
phy and salinity of flooding water. Within the
Mobile Bay and Delta, only the area of the Mobile
Delta provides conditions suitable for extensive
marsh development. Along the wester. shore of
the Bay, marshes are limited to the low clevation
mouths and margins of bay tributaries. In other
shoreline arecas elevation is too great, the slope is
too great, or both.

The influence of freshwater discharges into the
Mobile Bay Fstuary is significant (Schroeder 1979}
and is demonstrated in the marsh types present,
True salt marshes, dominated by Spartina alterni-
flora and Juncus roemerianus occur only in lower
Mobile Bay nearest Main Pass.

The marshes of Little Dauphin Island, the east
end of Dauphin Island, Fort Morgan Peninsula and
Oyster Bay have broad borders of §. alterniflora
with interior, higher elevations covered by dense
stands of J. roemerianus. However, the remainder
of the marsh areas of the Bay and its minor tribu-
taries are brackish in nature, composed of one of
the typical plant communities in Table 1, depend-
ing upon the relative contributions of fresh and

saline waters.



Table 1. Dominant vegetation of the marsh types repre-
sentcd in Mohile Ray andd the Mobile Delta.
Brackish I is more saline than Brackish Marsh I,

Marsh Type ... Dominant Vegetation
T . Scieatilic Nane Common Name
Curd-

Nfrartivag Saltimarsh

wdtvrniflora

Salr Marsh
BTidss
Funins Black Needlerush
Foac e Pl ey
IMstie ]is spicata

Sparting patons

Salt prass
Saltmeadiow
Cordrriss

Brackish Marsh | Frencus
LR TR TS

Spartina e vne
stiresiefey

Strariing frifens

Brackish Muarsh 11 Srmoue
I"(H"”."rl'lﬂ”".\'
Kprarting patens
Claedinm jumai. SAwerass

B RT
Fllragmites Reosean Cane

austrafis
Sugrttarie Nuek Potato

talouta

Fresh Marshes Alternantheryg Alligator grass
phitoxeraides
Sagittariu
faie attu
Zizenia aynativa  Wild Rice
Zizanicpisis Cutgrass
mfincen
Scfrprus valicduy
Typha spp,
Phragmites
anstralis

Gignt Bullwhip
Cartatls

Approxinuately 5,65% ha (13,955 acres) ol the
Mohile Bay Extuwry support marsh systems, 1,333
ha (3,291 acres) within salt/brackish  environ-
ments and 319 ha (10,664 acres) in freshwater
{Table 2).

On the castern bay shore, from the mouth of
Bon Secouwr Kinver to $1. Andiews Bay, large salt
mursh expanses comprise the targest portion of this
(ypu within the estnary, Oyster Bay and the Bon
Seeonr River mauth (Nimber 8, Figure 1) are bor-
devedd by SC alternifloraf funcus marshes, Sparting
lorming a broad zone within the intertidal zone
{Sapp ¢t al. 1976}, OF the two arcas Oyster Bay is
more protected from wave action and is also less
accessible to man. Shallow depths combined with
vyster beds make even boat aceess difficult. Con-
sequenthy, the marsh s stable ol relatively undis-
ttnbed. At the mouth of ihe Bon Secour River,
“ienton s oa problem on the bay side of the marsh

and illegal canal dredging within the marsh has
affected the system. Though efforts were made to
restore the marsh by filling the capals, it has not
fully recovered, particularly from changes in eleva-
tion caused by spoil piles.

Approximately 380 ha (939 acres) of salt
marsh are located along the north side of the Fort
Morgan Peninsula (Stout 1977). The largest ex-
panscs are in the area from $t. Andrews Bay east to
Three Rivers (Number 9, Figure 1), Marshes occur
along the shores and between ancient sand spits ¢x-
tending northwestward toward Mobile Bay. All ex-
hibit broad horders and lurge stands of S, alterni-
flera with higher arcas of J. roemerianus. Between
the sand spits a sequence of shallow tidal crecks
with S, alterniflora borders, J. roemerianus high
marsh, pinescrub and ridge sloping off to the next
high marsh-to-creck arrangement occurs repeatedly,
This entire shoreline is subject to heavy crosion
with subsequent deposition of croded materials in
protected arcas such as St. Andrews Bay (Hardin
et al. 1976). Conscquently, the area is naturally
undergoing constant changes in the shoreline and
accompanying plant communitics, Off-road ve-
hicles regularly travel the tops of the ridges, but
the marshes show no evidence of impact by man.

Little Dauphin Island, on the western shore
{(Number 6, Figure 1), is almost entirely marsh-
land consisting of a dendritic pattern of tidal
crecks with S. afterniflord meadows adjacent to
them and higher arcas of J. roemerianus and
Sparting patens, Frequent fires vesult (rom careless
campers and cause the greatests impact upon the
marsh flora and fauna. The construction of the
Dauphin Island bridge and causeway along the
northwestern cdge has practically eliminated tidal
recharge into the marsh from Mississippi Sound
and likely has caused gradual changes to oceur in
the marsh,

Brackish I Typce marshes (Table 1) are found in
Weeks Bay, along southwest Mobile Bay, the
mouth of East Fowl River and the bayshore por-
tions ol the Decr River Complex (Numbers 7, 5, 4
and 3, respectively, Figure 1). Spartina cyno-
suroudes is a good indicator species along the mar-
gins of this marsh type. Little marsh surface is
regularly flocddd and consequently S. alterniflora
18 sparse or ausoil,

Preceding northward up the Bay and into cach
of the rivers, less influence of tidal saline water is
evident. A progression of marsh types from Brack-
ish T to intermediate Brackish I to Freshwater
communities is observed. Transitional conditions
oceur so there is a continuum and no distinct
break between the community types. The East
Fowl River system best represents this continuum,
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Table 2. Estimates of marsh area by type and geographic arca for Mobile Bay and the Mobile Delia?,

‘ . Marsh Area
Geographic Area Sall!Brackishh Fresh® To1al
Mobile Bay 1,335 (511,291}"l 86 (214} 1,419 (3,505)
1 Dog River 715 (186)
2 Northwesi Mohile Bay, Dog River to Deer River 8 {20)
3 Deer River Complex 87 (215)
4 East Fowl River I45 (358)
3 Southwest Mobile Bay, East Fow!l River to Cedar Point 122 (300)
6 East Dauphin Island/Little Dauphin [sland 74 (182) 11{ 28)
7 Wereks Bay 77 (191}
8 Qvster Bay/Bon Secour River 440 (1,086)
9 Fort Morgan Peninsula 380 {939)
Mobite Delta (Hwy, 90 North to Maobile & Baldwin 4,232 4,232
County Lines) {10,450) {10,450}
4,318 5,651
1,333 {3,291) {10,664) {13,555)

% Geographic arcas are designated in Figure 1.
b ¥rom Stow, 1977
€ From Vittor & Stout, 1975

First figure is hectares, figure in parentheses in cquivalent acres

With increasing distance from the mouth and in-
creasing influence of freshwater run-off, S. alterni-
flora is absent and S. cynosuroides appears to re-
place it. funcus continucs as the dominant species
with a significant contribution to the community
being made by Sagittaria falcata. In the marshes
connecting Kast and West Fowl Rivers, S. alterni-
flora and S. cynosuroides arc absent and Juncus
ts co-dominant with Cladium jamaicense and S.
falcata. Portions of this stretch of river are bor-
dered by freshwater swamps and marshes are
absent., Juncus roemerianus disappears entircly
from upper East Fowl River and fresh marshes,
comprised of Sagittaria falcata, Cladium Jjamat-
cense, Typha spp. Zizanta aguatica and other
fresh water species, border the undeveloped river
banks (Sapp ct al. 1976). Similar continua may be
observed in the Deer Rivers and Weeks Bay (Fish
and Magnolia rivers).

Private access canals, boat slips and other man-
made alterations occur all along the river’s marsh
fringe. Additional distrubance is found near and at
the mouth of East Fowl River. Two tracts have
been utilized for spoil disposal during canal main-
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tenance dredging. Marsh vegetation has been de-
stroyed and water flow across the marshes altered
by diking. Dog River {(Number 1, Figure 1} is the
most highly developed of the rivers with residential
areas lining its shores. The few marsh arcas remain-
ing are [resh in nature.

The Mobile Delta contains over 4,232 ha
(10,450 acres) of freshwater marshes, primarily in
its lower one-quarter. It is considered one of the
finest natural marshes in the country (Goodwin
and Niering 1971). The marshes are typically di-
verse in species with no one species dominating
over large expanses. The most abundant marsh
plant spccics are Alternanthera philoxeroides,
Phragmites australis, Typha spp., Zizaniopsis
miliacea, Scirpus validus, Sagittaria falcata and
Cladium jamatcense (Lueth 1963).

Health and Productivity

No investigation has been undertaken to eval-
uate the current well-being or health of the es-
tuarine marshes of Mobile Bay and only littlc has
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Figure 1. Marsh Units ol the Mobile Estuary. Numbers Indicate Geographic Areas of Table 2.

been done to determine levels of productivity.
Existing information on  Alabama marsh pro-
ductivity, limited to completed investigations with
only salt marsh species 15 summarized in Table 3.
When compared to productivity levels in other geo-
graphic arcas, Alabama 8. alterniflora and Juncus
roemerignus marshes produce similar or greater
quantities of biomass (Stout 1978). No data are
available on other salt marsh species or on any of
the {resh specics.

Productivity 1s only one indication of relative
health or vigor of a marsh system. One can make
visual observations of the apparent condition of
any given arca. However, quantitative criteria have
greater validity and comparability, but are lacking
for Alabama marshes.

PRESSURES AND IMPACTS

Dredging

Historically, the most significant human impact
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on marshes in Alasbama has been the result of
dredging activities, either directly or indirccdly
through spoil disposal practices. It is impossible to
estimate the impact from small private projects
because of the Jack of complete documentation
through permitting programs and the absence of in-
formation on historical natural conditions. The re-
sults of larger projects, primarily transportation
and construction canal dredging, are presented
in Table 4,

Spoil disposal has a negative impact when
marshes are destroyed, as is the case {or approxi-
mately 2,427 ha (6,002 acres). However, it may
also result in the creation of new marsh habitats
which may or may not be comparable to similar
natural marshes. Approximately 888 ha (2,194
acres) within the Estuary have been altered by
spoil disposal in such manner as to create new
marsh habitat. Assuming that man-madc marsh is
€quivalent to natural marshland (not necessarily
truc), the Estuary has then lost a minimum of
1,539 ha (3,803 acres) of marshes to spoil dis-
posal.



Table 3. Summary of net annual primary productivity
{NPP} levels of marsh plant species in Alabama.
Levels represent mean monthly dry weight bio-

mass.
NFP
Species Reference g/m
Spartina altemifiora
Stour 19772 648
Stour 1978P 1,030
Stout, dc 1a Crue,
and Hackney 1978 562
Juncus roemerianus
Stout 1977 1,138
Stour 1978 1,449
Stout, de la Cruz,
and Hackney 1978 1,387
Distichils spicata
Stoul 1977 658
Stoul, de la Cruz,
and Hackney 1978 37

Table 4. Impact of dredging activitics on Mobile Bay
estuarine marshes,

“Mean of samples taken throughaut species range in state,

Bafean of samples taken in one marsh representing best
conditions for species within siate.

Dredging activity itself will result in marsh
destruction whenever it traverses a marsh system.,
The degree of destruction and alteration caused by
small private canals is difficult to determine, Three
large projects which are in various stages of con-
struction will, however, have significant impact.
The work canal for the construction of Interstate
Highway 10 across the lower edge of the Delta
resulted in the loss of 14 ha (34 acres) of fresh
marsh. As the canal was relatively shallow (2.4
meters), and siltation and filling of the upper por-
tion of Mobile Bay is continuous process, this
loss is p.ubably temporary and the area will be
naturally restored in time. Construction of Inter-
state Highway 65, further north in the Delta,
will destroy 3 ha (8 acres) of delta marshland,
primarily crossing riverine swamps. Though this
area may recover also, it probably will be at a
much slower rate than the 10 canal. Permanent
destruction of approximately 20 ha {50 acres) of
brackish marsh will result from the construction
and widening of the inland portion of the Theo-
dore Industrial Canal,

Total loss from these three projects is 37 ha
(32 acres). Adding 50% of that for private projects
(20 ha), the total loss directly attributable to
dredging is 57 ha (138 acres). Net loss from dredg-
ing to the Estuary is 1,596 ha (3,946 acres), 22%

Location Hectares Acres
I Loss ta 8poil Deposition
Bon Secour River 38 95
Blakeley Island 1,214 3.000
Fast Fowl] River 69 172
Little Dauphin Isiand 4 10
Dog River 33 81
I- 10 Highway 73 180
1.10 Twin Tunnels 5 13
Alcoa—Blakeley Jsland 121 300
Scott Paper Company -
3 Mile Creek 61 150
Private Projects 809 1,000
Total 2,427 6,002
Il Loss 10 Canal Dredging
I-10 14 34
1-65 3 B
Theodore Indusirial 20 50
Private Prajecis 20 46
Total 57 134
It Creation by Spoit Deposition
Blakeley Island 364 900
Polecat Bay 364 900
Pinta Island 157 387
Theedore Spoil Island 3 7
Total 888 2,194

Total Loss 2,484 ha -Total Creation B88 ha =
Net Loss 1,596 ha = 22% Total Marshlands

of natural marshes (Tuble 4),

Shoreline Erosion/Accretion

The Mobile Dclta is a prograding delta [illing
over 64 km (40 miles} of the original estuary over
some 3,000 years. The Delta shoreline has shown
a net erosional trend between 1917 and 1967 for a
loss of 8.92 ha {22.04 acres). The western bank of
Blakeley River, the castern bank of Apalachcee
River and both banks of Tensaw and Spanish rivers
are principal erosional areas.  Accretion  has
occurred along remaining banks and within inter-
distributary bays. The relatively small net accretion
may indicate that the Delta’s progradauion has de-
celerated. This may be due to reduced sediment
loads, increased water velocities or both (Hardin
ctal. 1976).

Severe erosion is altering bay shorelines
significantly between the Brookley Aerospace
Complex and Cedar Point on the western shore.
Trends are from less than 1.5 m {5 feet) to as much
as 2.6 m (B.6 feet) per year at Cedar Point, The
only net accretion within this arca is from spoil de-



pasition north of the plannued Theodore Channet at
Deer River {Ilardin ct al. 1976). Total mush loss is
not known.

Along the southern shore of Bon Sceouy Bay,
from Three Rivers o the castern seawall ol Fort
Morgan, much erosion has occurred. Loss of Trom
61 to 244 m {200-800 feet) has been measured
between 1917, and 1974 (Tiardin et al. 1976).
Land lost is primarily narsh and broad expanses of
eroded marsh peat can be ubserved in the water’s
cdge. Bathymetric data may indicate that some
eroded material is contributing to shoaling in pro-
tected areas such as St Andrews Bay and may
result in new marsh habitat,

No nect ligures are availuble on impact of
erosion and accretion on bay marshes, Obviously
the negative impact is significant,

Filling

A tradition of Hifling Low costmarsh real estate
for residential or industiiad development has had an
nnmeasured  impact upon Mobile Bay  marshes.
Residential developnient is intense awlong Dog River
and portions of Fowl, Fish, Magnoliy, and Bon Se-
cour Rivers, Bon Sccour Bay and both shorelines of
Mobile Bay. Much of the residential development is
protected by bulkhcading o retain the il matenal
against crosional forees.

Extensive arcas of shoreline have been filled in
the tast 75 veurs in the arca ol the Brookley In-
dustrial Complex (834 hat 206 acres), MeDullie
Island (93,1 ha; 230 acves), Battleship Puark {73.2
ha: 181 acres), and Mobile Harbor {GGR.7D ha;
1.650.7 acres) {ardin et al. 1976}, Many of these
arcas were previously bay buttom but a good por-
tion was previously marsh, Enlormation is inade-
quate ta determine the specific imjacton wetlands
atone,

Petroleum and Petroleum Products

The presence of the Gulf Intracoastal Water-
way and the Port of Mobile within the Mobile Bay
Estuary provides for the transport of petroleum
products by tanker and harge into and through
the Estuary, The Port and various industrial facili-
tics also conduct translers of petroleum  und
petroleum products. Accidents, of even minor pro-
portions, introduce oil 1o the Estuary and create
siress on marsh communitics. There is evidence
that marshes can recover fram a single large spill or
repeated spills 1l they are separated enough 1n time.
The wst of emulsifiers in clean-up operations aids
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in penciration ol oif and increases the toxic results
on the marsh (Cowell ev al. 1970}, Marsh vepeta
ton way show reduction in biomass production,
stem beiahits aedd stenms densitios. Impact on annuals
s greatey than ob perenniel specics and may result
in complete lose of some species (Hampson and
Moul 1278), Detevioration of marsh vegetation will
reduce its value o the estuarine food chain and
may diminish Its crosion control lunction (St
Amant 1972).

With completion of the Tennessee-Tombighee
Waterway and mcreased exploitation ol coastal
petroleum reserves the potential for accidental dis-
charge and accumulation in marshes  increases.
The possibility of @ farger petroleum vefining in-
dustry in the area also increases the likelthood of
oiling of marsh biota. The health of marshes sub-
jected o chronic oiling must be monitored and
continually evaluated.

DATA BASE AND GAPS

Information is scanty on all aspects of marshes
in Alahama, The greatest needs in infarmation are
as follows:

1. Inventory of marsh resowrces of the Mobile
Delta. Last published original information
was by Leuth (1963} who reported data
from a study completed in 1950,

2. Inventery of fresh marshes of the Mobile

Bay Estuary exclusive ol _the Delia, Partial
mapping is provided in Sapp et al. (1976},
but many arcas were not mapped as the
major thrust was salt and brackish marshes.

3. Health indices for dominant marsh specics.
Local data on biomass production, growth
parameters and population dynamics of
only Spartina afterniflora, Juncus roemeria-
nus and  Distichlis spicata arc available
(Stout 1978; Stourt et al. 1978). Informa-
tien on additional species would provide a
baseline to evaluate the relative heaith or
vigor ol specific marsh tracts and the
impact of perturbations.

4. Faynal dynamics of marsh types. The only
information available for Alabama marshes
is [vester {(1978) and is limited to benthic
meiofauna and macrofauna of salt marshes.
All of the biota of an ccosystem are in-
terrelated and must be considered when
judging “‘health,” ‘‘impact™ and other
evaluations.



Utilization of Alabama marshes by es-

tuarine species, especially commercial spe-

cies. As reported in the introduction, this
is considered an important role played by
estuarine  marshes. However, quantitative
documentation is needed to assure that
marshes are maintained to (ulfil] this role,

Evaluation of marsh size-to-edge ratio value
in Atabama. Gucinski (1978} has shown for
some marshes in Maryland that smaller
marsh parccls less than 2 ha (5 acres) may
be of more value than larger marshes be-
cause of greater edge (exchange interface)
to area ratio. This is « critical question for
any geographic area as there is often less
protection or support for preservation of
very small marsh tracts,

Inter-relationships of freshwater wetlands
and estuarine wetlands, Alteration or de-
struction of inland freshwater marshes may
have dcleterious impacts on the optimum
functioning of estuarinc marsh ecosystems,
Freshwater recharge, nutrient and sediment
input and toxic materials sources to the
estuarine ccosystem from freshwater wet-
lands necds to be determined. The quanti-
tative nature of these relationships and de-
pendencies of the estuary on inland arcas
needs to be examined.

Utilization of Alubama marshes by water-
fowl, wading birds and fur bearing mam-
mals, The critical role of wetlands in sup-
port of birdlife, both permanent residents
and migratory, is well documented, but
needs to be elucidated for coastal Alabama,
Support of game birds by the Mobile Delta
alone is significant and should be moni-
tored. Though the fur industry is small in
coastal Alabama this aspect of wetland
value s also important.

MANAGEMENT RECOMMENDATIONS

2. Small size of marshes should not act to the

disadvantage of marsh preservation. Cumy,.
lative loss of area and edge through e
peated destruction or alteration of smg)
tracts may have greater impact than equa)
areas lost in single large tracts.

When destructive or detrimental activities
are necessary, best technology available
should be required to minimize impacts of
the activity throughout the project ljfe.
Cost eflfectiveness should take into con-
sideration the unquantified natural values
of the tract.

When destructive or detrimental activities
are unavoidable, attempts to ameliorate
effects should be required in the project
design and financial arrangements. Amelj-
oration may include, but not be limited
to the following, where applicabie.

a. Revegetation of portions of site.

b. Restoration following project site aban-
donment.

c. Creation of similar habitat through use
of spoil disposal sites, new canals etc.

d. Increase cstuarine edge or interface
through canal design.

Conduct a program of restoration of marsh
tracts altered, but not destrayed by past
activities,

Set aside specific marsh tracts to be pre-
served from any detrimental activity, re-
gardless of need. Tracts may be designated
for the following and other reasons.

a. Uniqueness cither locally, regionally or
nationally.

b. Particularly useful for educational pur-
poses.

The following are recommended to reduce, if
not curtail, destruction and deterioration of vital
cstuarine marshes and attempt to ameliorate con-
ditions from such activities.

c. Exceptional recreational values.

d. Natural buffer between development

- . . . . and estuary.
1. Activities which cause direct, irreversible y

loss of estuarine marshes should be pro-
hibited. Exception may be made for activi-
ties of critical local, regional or national
need, but not for private gain.

e. Specific and limited habitat of desig-
nated Endangered Species (state OT
federal).
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L.

Value in research.

Unusual contribution to maintaining
water quality due to location.

B

7. Design multiple-use projects for marsh tracts
that may enhance their economic value while
still preserving their natural roles {i.e. mari-
culture, water treatment, restoration of en-
dangered species populations, etc.)

Design study plans to:

Determine the status of the marsh resources

" where not known.

b. FEvaluate utilization by itincrant species.

¢. Examinc edge-effect and critical edge-to-
arca ratios for Alabama.

d. Evaluate the relative roles played by inland

delta and river marshes and estuarine
coastal marshes.
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SUBMERGED GRASSBED COMMUNITIES IN MOBILE BAY, ALABAMA

John L. Borom
Jameas H. Faultkner State Junior Collage
Bay Minatte, Alabama 36507

ABSTRACT

Ten species of submerged aquatic angiosperms
and at least one species of macrophytic algae occur
in the shallow shoreline arcas of Mobile Bay. Doc-
umentation of historic distribution of submerged
aquatic plants within Mobile Bay remained sparse
until the late 1950°s when the first comprehensive
survey was initiated. Since that time other surveys
have been conducted. Based on the results of these
surveys and personal observations, the conclusion
was reached that submerged grassbed communities
have not only declined but changed in species den-
sity, diversity and distribution,

This paper represents an effort to collect and
organize available information relating to submerged
aquatic plants in Mobilc Bay and to determine what
environmental factors may be causing their recently
noted decline. In order to determine the probable
cause or causes for the changing patterns of grass-
bed communities, the various factors that are known
to affect them have been discussed.

HISTORICAL CHANGES AND PRESENT
CONDITION OF SUBMERGED GRASSBED
COMMUNITIES IN MOBILE BAY

Documentation of the historic distribution and
abundance of submerged aquatic vegelation (SAV)
within the Mobile Estuary remained sparse uatil
the late 1950’s. Baldwin (1957) estimated there
were about 2,024 hectares (5,000 acres) of SAV in
Mobile Bay and 3,036 hectares (7,500 acres) in the
lower Delta. Lueth (1963) conducted a study of
the flora of the Mobile Delta and found a variety
of SAV. Vallisneria americana was found to be an
abundant species with small to large patches oc-
curring in cvery bay of the Delta and extensive
beds extending southward in Mobile Bay to Fair-
hope.
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Extensive patches of SAV once grew along the
eastern shore of Mobile Bay between Daphne and
Point Clear. From 1940 through the early 1960’
It was not uncommon to see cut leaves of Vallisneria
americana floating on the surface after a motor-
boat had run through a submerged grassbed (verified
by personal communication with residents of the
eastern shore and previous personal observation).
These submerged grassbeds were much reduced in
the late 1960’s and almost completely gone in the
1970%. In a study of the seasonal fluctuations of
macroscopic fauna in the submerged grassbeds in
Mobile Bay, Borom (1975) found that SAV had
completely disappeared from certain areas in the
Bay where it was formerly abundant. It was con-
cluded that SAV provided protective habitats for
a large number of aquatic organisms and 1s probably
essential for certain species. Areas wherce growths
of SAV were the thickest produced a greater abun-
dance and diversity of animal species than areas
where SAV was sparsely scattered. The fewest
specimens were encountered where SAV was absent,
The productivity of those portions of the Bay where
SAV has disappeared has undoubtedly been ad-
versely affected by this loss of available habitat.

Submerged aquatic plants provide the principal
food source for watcrfowl and some fish. They
provide direct or indirect food and shelter for many
of the small host organisms that are eaten by fish
and other predators. The spawning activities of cer-
tain organisms require SAV., They purify the water
by removing various noxious substances and re-
turning oxygen. They shade the underlying waters
and sediments from solar heating, and they provide
an important source of detritus. The ability to as-
stinilate inorganic substances into organic com-
pounds usable by other organisms enhances the im-
portance of these plants as vital links in food chains.
Functioning as prime areas for hiding and breeding,



SAV provides surfaces for the attachment of epgs.
Also, an abundance of animal life {e.g. crustaceans,

insects, and mollusks) provide fish with cxcellent
feeding grounds.

Submerged aquatic vegetation helps stabifize
sediments and reduces shorcline erosion. Bays with
2 healthry benthic flora have been shown to have
relatively stable metabolism with less fluctuation in
comparison to plankton dominated bays. Sub-
merged plants function as a trap for dissolved in-
organic phosphorus and nitrogen. Although not
commonly viewed as indicators of bivlogical condi-
tions, SAV is considered to be potentially useful as
an 1ndicator of pollution trends (Stevenson and
Confer 1978). In view of the functions listed above,
submerged grassbed communities play an impor-
tant role in the Mobile Estuary.

Knowledge of SAV in Alabama estuarine waters
is limited and more work is necded to determine
the extent of the beds and their role in the cstuary.
Over the years, there have been indications of
changes in species diversity and abundance; but the
present populations are dominated by ten angio-
sperms. Species of macrophytic algae that are
known as muskgrasses and belong to the genus
Nitella are found in the clear waters of the upper
Bay and lower Delza.

These species of SAV inhabit the shallow shore-
line areas of the Bay and are primarily limited to
depths of two meters or less. Submerged aguatic
plants known to occur in Mobile Bay are presented
it Table 1.

Table 1. Submerged aquatic plants known to occur in
Mobilc Bay?

ANGIOSPERMS

Vallisnera gmericana tape grass
FPotamogeton perfoliatus redhead grass
Ceratophylium demersum coontail
Heteranthera dubrla Water stargrass
Zannichellia palustris haomed pondweed
Najas quadalupensis bushy pondweed

Myriophyllum spicatum Eurasian watermilfoil

Egeria sp. clodea
Ruppia maritima widgeon grass
Halodule beaudetter shoal grass
ALGAE

Nitella spp. muskgrass
3Leuth 1963 and Borom 1975.
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The most convenient classification system for
these species is according to salinity tolerance,
Other factors that affect distribution include mor-
phaology, preferred bottom substrate, temperature
tolerances, and susceptibility to chemical pollutants.
All specics cxcept Ruppia maritima and Halodule
beaudetter are fresh to slightly brackish water
species found in the upper reaches of Mobile Bay
and the lower Delta. These species form rather ex-
tensive submerged grasshed communities. Although
the submerged aquatic plants are most abundant in
the extreme upper portion of Mobile Bay, SAV
consisting of Vallisneria americane does extend
southward along the castern shore just south of
Point Clear but only as small isolated patches. As
previously mentioned, these submerged grassbed
communities have become greatly reduced over the
last 30 years. Local residents along the western
shore (personal communication) stated that V.
americana once occurred as cxtensive patches to a
point south ol Fowl River. Today they are absent
except for small patches that exist around the
mouths of tidal branches, creeks, and rivers that
empty into the Bay.

Ruppia maritima and lalodule beaudettei are
capable of tolerating higher salinities and occur in
the fower portions of the Bay in scattered shallow
areas. These species form grassbed communities on
the north side of Dauphin Island. Local residents
{personal communications) stated that SAV was
once more abundant around Dauphin Island and
the lower portion of the Bay than it is today. There
is a need to map and identify the SAV in Mobile
Bay, especially in the lower portion since little data
are available,

Although therc is evidence indicating a decline
ol SAV in some portions of Maobile Bay, just the
opposite is true of Myriophyilum spicatum. There
has been a spectacular invasion of this species in
the lower Deita and upper Bay since 1975. In
Chocalata Bay for example, milfoil is so thick that
it restricts navigation. Milfoil reproduces maost ef-
fectively by way of vegetative reproduction through
fragmentation, rhizomes, and axillary buds {(Patten
1956}. The species has become a nuisanee and con-
tributes to a more rapid build up of the bottom
through deposition of organic material and facilita-
tion of silting. Milfoil beds appear to provide con-
ditions suitable for mosguitoes (Anopheles quadri-
maculgrus and possible certain Cules spp.}. Unde-
sirable odors are created by windrows of decom-
posing vegetation deposited by wind and tide on
shoreline (Stevenson and Confer 1578).

Annual fluctuations in SAV density is natural
in Mobile Bay and presents a continually changing
picture. Some species, such as Myriophyllum




spicatum, seem to be more subject to changes in
their range and density than other species. In most
areas, milfoil has two growth-surge periods during
the growingseason. To kcep abreast of such changes,
two or three surveys of vegetation beds should be
made annually (Rawls 1971a).

Eurasian watermilfoil has a history of spreading
rapidly when it is introduced into new areas with
suitable habitat. It may decline just as rapidly as it
spreads and eventually reach a new equilibrium
with native species of SAV (Stevenson and Conler
1978). In theory, an area is most susceptible to a
dramatic population cxplosion when the natural
ecosystems are disturbed, particularly those dis-
turbed by man.

The extravagant growth of milfoil has caused
some concern among waterfowl enthusiasts as to
milfoil’s acceptability as a waterfowl food source.
Based on information available at the time, Martin
and Uhler (1939) determined that milfoil was a less
thas satisfactory food for ducks, Florschutz (1969)
indicated that the availability of higher quality
waterfowl food was reduced by a milfoil invasion.
In the 1960, waterfowl populations in the Chesa-
peake Bay showed marked declines. During this
time, milfoil displaced more than a dozen native
rooted aquatic species. During early infestation of
milfoil (1958-1961), January populations of water-
fowl on the flats averaged 4,900 birds. During the
milfoil peak, January waterfowl counts on the flats
averaged only 390 birds. By 1965, when Vallisneria
americana returned to about 50 percent its level
sustained prior to milfoil invasion, an average of
4,860 birds wintered on the {lats (Bayley et al.
1968). There seems to have been a reduced winter-
ing population of waterfowl in Mobile Bay in recent
years,

Apparently, a decrease of a traditionally desired
food source such as SAV results in several options
for waterfowl. They can either compete for the
diminishing food source or scek an alternative food
source. Either choice could result in population
reductions and locale changes. Changes in species
of SAV must also have an effect upon aquatic faunal
associations.

Submerged aquatic vegetation in Mobile Bay
has changed in specics density, diversity, and dis-
tribution over the past 30 years. The basic ques-
tions which require consideration are whether Bay
vegetation is (1) experiencing a normal population
fluctuation, (2) responding to man oriented im-
pacts such as pollution or (3) both. A normal cycle
situation for SAV requires historical documenta-
tion of similar events in the past, but no data are
available to support this hypothesis for Mobile Bay.
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The variety and degree of human impacts, in-
cluding a wide range of suspected or known pol-
lutants, appear to be of greater relevance to recent
declines in SAV than a naturally occurring cyclic
event. If the Bay is experiencing a normal popula-
tion fluctuation, such a hypothesis would still re-
quire consideration of human impacts on such a
cycle.

Historical documentation of sufficient intensity
and coverage necessary to support a cyclic phe-
nomenon hypothesis is lacking. It is likely that
SAV declines have resulted from no single factor
but from a multitude of factors or synergisms.

ASSESSMENT OF ENVIRONMENTAL
FACTORS PRESENTLY AFFECTING
SUBMERGED AQUATIC VEGETATION
IN MOBILE BAY

There are various environmental and human re-
lated factors that affect the establishment, growth,
and reproduction of submerged aquatic vegetation
(SAV) in Mobile Bay. Included among these are
agrochemicals, salinity, turbidity, light, bottom
substrate, nutrients, fauna, epiphytes, pH, tempera-
ture, heavy metals, petroleum products, and water
movement. Although there have been gradual
changes in many of the environmental factors over
the years, others, especially the human related fac-
tors, have changed more rapidly.

The dynamic nature of an estuary results in
gradual changes in such parameters as salinity, bot-
tom substrate, and fauna. However, the changes
that have resulted from increasing human activities
have been much more rapid.

In order to assess the causes for the declines of
certain species of SAV and the increases of others,
the various factors that have changed within the
Bay area must be analyzed. This section discusses
these factors and attempts to consider selectively
each one in order to determine the probable causes
for change.

Agrochemicals

An increasing human population in the Bay
area has directly affected the land-use patterns.
Thesc patterns in south Alabama have changed
drastically since the turn of the century. One of
the most obvious changes has been a decline in the
agricultural use of land. To compensate for the de-
cline in land available for agricultural use, more ef-
ficient methods have been developed. These changes



have brought about increased usage of fertilizers
and herbicides.

The use of chemical fertilizers is now standard
practice for increasing crop yields. However, when
highly soluble fertilizer is used, 10 to 25 percent is
leached away into surface runoff (Wagner, 1974).
Increased levels of organic material in the water
column, plus nitrogen and phosphorus, can give
rise to eutrophic conditions where an aquatic eco-
system is enriched beyond its assimilation and
flushing capabilities. Under such enriched condi-
tions, phytoplanktonic algae tends to thrive caus-
ing decreased light penetration, This shading effect
can be sufficient to decrease SAV, The increased
use of fertilizers around Mobile Bay must be a
negative factor as far as SAV is concerned.

The presence of herbicides in agricultural run-
off and the impact of herbicides to aquatic fauna
and flora have recently become an issue for environ-
mental concern, especially in estuaries. Increases in
herbicide usage have been implicated in the recent
SAV declines of the 1970’ (Stevenson and Confer
1978). The cxtent to which increases in herbicide
runoff have affected the SAV in Mobile Bay has
yet to be determined.

Chiorine_

The ecological impact of chlorine and its by-
products on the marine environment is extremely
complex. It was verified several years ago that
organochlorines such as DDT and DDE, dicldrin,
and PCB’s which enter seawaters from land runoff,
sewage outfalls, and the atmosphere were extremely
harmful to marine flora and {auna (Goldberg et al.
1971).

Experimental data show that chlorine acts dif-
ferently in marine waters than in fresh waters. The
fate of chlorine in estuarine ecosystems is largely
unknown and laboratory chemistry techniques for
chlorine are not yet dependable (Davis et al. 1977).
In Mobile Bay, chlorine and chlorine by-products
enter the estuary from sewage treatment plants,
water treatment, runoff from agricultural pesticide
application, and industrial effluents. There is cur-
rently no direct evidence relating the decline in
SAV in Mobile Bay to levels of chlorination. Any
impact to SAV from chlorine can be only specula-
tive at this point.

Municipal and industrial use of chlorine has
escalated. This has resulted in increased usage of
Bay waters as a repository for chlorinated effluent.
If chlorine is considered as a negative factor in rela-
tion to SAV declines in the Bay, it is probable that
it is at least of local importance in areas receiving
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excessive municipal and industrial effluents.

Turbidity

Turbidity may result from suspended organic
and inorganic particulates, plankton, and coloring
or staining from dissolved organic matter. SAV can
be affected by turbidity in different ways. Particu-
lates can physically block the penetration of light
through the water column. Stained waters dif-
frently absorb various wavelengths for photo-
synthesis. The dissolved and particulate matter
entering the water column can serve as a means of
transportation for the introduction of soluble pol-
lutants into an estuary. Turbidity also varies with
the seasons. Winter is usually the period of lowest
turbidity. Spring rains increase suspended solids
and warming temperatures in summer promote
plankton blooms. In addition, wind action through-
out the year can resuspend bottom sediments caus-
ing short periods of high turbidity.

Sources of suspended particulates in Mobile
Bay include freshwater runoff, shoreline erosion,
hydraulic dredging, industrial effluent, and biologi-
cal production. :

The deposition of silt and clay particles can aid
in building up suitable bottom substrates in barren
areas or add nuirients to existing substrate (Odum
and Wilson 1962). Therefore, the impact of sus-
pended solids on SAV is not wholly negative. SAV,
in turn, aids in the precipitation of suspended solids.

Turbidity has been implicated as a prime cause
for the decline of submerged aqautic vegetation
(Martin and Uhler 1939). However, Mobile Bay has
always been turbid from natural causes, due to the
dynamic nature of a wind-driven estuary. Many
local residents knowledgeable about the Bay feel
that turbidity has increased dramatically over the
last 30 years (personal communication). Logically,
this would seem to be valid. Increased boat traffic,
hydraulic dredging, and shoreline construction
would appear to have influenced turbidity levels.

Investigations into the effects of turbidity on
SAV include field determinations and laboratory
experiments that showed that turbidity was the
chief factor responsible for SAV destruction along
the Atlantic Coast (Bourn 1932). Turbidity was
determined to be detrimental due to the lessening
of light penetration and silting of plant leaves. Ex-
perimental evidence relating directly to the effects
of increased turbidity in Mobile Bay on SAV is
lacking.
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Sedimants
s

The ‘mportance ol sediments (i.c. particle size
anfi Cl.lcmlca] composition) in influencing the dis-
mbUU?ﬂ of submerged aquatic plants has been
recogmzed for a long time. Sediments play a two-
fold role in supporting submerged rooted plants.
The substrate serves as a medium for anchorage of
the ]_Dl‘am and as a nutricnt reservoir for the mineral
nutrition of the plant species.

. In ac!ditiun to providing firmer root support,
finer sediments possess a greater surface area than
coarse sediments. This greater surface area influ-
ences the adsorption of various compounds and al-
lows @ high cation cxchange capacity. The leaves
may represent a major uptake site for some nu-
trients. Once adsorbed onto sediment particles, nu-
inents may then be available 1o rooted aquatic
plants. Many pesticides and herbicides also bind
readily to fine particles and may reach greater con-
centrations in scdiments composed of these par-
ticles (Stevenson and Confer 1978).

SAV is generally absent in arcas of high turbu-
lence (Sculthrope 1967). Soils which are potentially
the most productive are in actuality the least pro-
ductive due to turbulence which tends 10 resuspend
fine sediments. SAV may be absent due to an un-
stable, shifting scdiment caused by siltation {rom
natural or man-made causes. However, submerged
plant communitics tend 1o persist in spite of shift-
ing sediments by the stabilizing action of roots,
stems, and leaves. A change in bettom sediments
from soft to hard may alse affect vegetation pat-
terns (Cronin 1976).

Stabilized fine scdiments such as sand and clay
seemn to be the best substrate for submerged agquatic
plants. Martin and Uhler (1939) found that firm
sand would support the growth of Potamogeton,
Vallisneria and Ruppia, but that it was not the
optimum substrate.

Sediments appear to be important in the dis-
tribution of SAV. The effect of the sediments on
Mobile Bay SAV may not be direct, but it may be
extremely important in the adsorption and trapping
of toxic substances. Reduced light penetration also
results from sediment disturbance.

Light

Light ¢ransmission is affected by both turbidity
and water color. It can be alimiting factor to SAV
by determining the depth of the photig zone.
Sculthrope (1967) found that SAV can inhabit
suitable arcas with as little as 1 to 4 percent of the

surface light intensity. Light can also have an effect
on sced germination. Potamogeton spp. tend to re-
quire light for proper sced germination, while light
tends to he inhibitory to Najas spp. sceds (Hutch-
inson 1975).

It is not improbable that declines of some species
of SAV may be related to fluctuations in light in-
tensity reaching the grass beds and its etfect on
seed germination potential. Further experimental
studies into the relationships of light and turbidity
would be helpful in cvaluating their importance in
the declines of 8AV in Mobile Bay.

Salinity

Species of SAV tend to be distributed within
the Bay according te salinity. Species diversity is
greatest at lower salinities and reduced at higher
salinities.

Increases o salt content generally result in an
overall growth reduction, since the plantis required
tc spend energy in salt absorption at the cxpense
of growth. A further reduction in growth rate re-
sults from the effects of sodium and calcium as
they relate to cell wall structure. It has been deter-
mined that seed germination of saltwater plants oc-
curs optimally in freshwater because saliwater in-
hibits water uptake by the seeds (Chapman 1960).

Photosynthesis and respiration in relation to
salinity were studied by McGahee and Davis (1971},
Eurasian watermilfoil  (Myriophylfum spicatum)
was utilized. It was found that photosynthetic rates
were reduced at high salinities. Respiration at all
tested salinity concentrations showed no effects. It
has been determined that a salinity of 8.7 parts per
thousand or higher is toxic to tape grass | Vallisneria
americana) (Haller et al, 1974).

There has been speculation that ramd salinity
changes in the Bay might be a factor in SAV de-
clines. Lowered salinity really reduces the growth
of offshore seagrasses such as Thalassia testidimum,
Syringodium filiforme and Halodule beaudetter.
However, most species of SAV in Mobile Bay have
little or no problem in tolerating decreased salinity
changes. In fact, with a reducuon in salinity, en-
hancement of growth and gcrmination often occurs.
Therefore, the assertion that the decline of the
SAV is due to lowered salinities commonly associ-
ated with hurricanes is difficult to substantiate
with scientific evidence (Stevenson and Confer

1978).

Temperature

Water serves as a buffer for temperature. The
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extent to which temperature in an aquatic environ-
ment influences the distribution of submerged
vegetation is limited because 1emperature fluctua-
tions are much less than those in an aerial habita,

As temperature increases, dissolved OXYgen content
decreases but respiration and oxidation rates double
for every 10°C temperature increase. The presence
of dissolved oxygen is probably 1he most impaortant
factor in the biology of aquatic systems, and a great
varicty of physical and biological interactions stem
from it (Wagner 1974). Temperature governs nu-
merous interdependent factors such as dissolved
OXygen concentration, carbon dioxide concentra-
tion, pH, toxicity and biochemical reactions (Hoak
1961}

Seasonal temperature fluctuations have an im-
pact on the growth of SAV in Mobile Bay. SAV
dies back o rhizomes during the winter months. It
usually begins to grow back in March. Growth is
rapid in the spring and summer and reduced during
the fall. Submerged aquatic plants may completcly
dic back during January and February. Various
specics show diffcrent tolerance levels to tempera-
ture changes (Borom 1975). Although seasonal
temperature changes affect the annual growth
cycle of submerged plants in Mobile Bay, there is
presently no evidence linking the population de-
clines over the past 30 years to dramatic changes in
temperatures.

Water Movement

Submerged aquatic plants in Mobile Bay do not
nomally colonize arcas subject to continuous
strong currents and tides, Such water movement
resuspends fine sediment particles which contri-
bute towards increased turbidity, Excessive water
movement tends to scour the bottom 1o the extent
thut submerged plants are physically prohibited
from colonizing (Stevenson and Confer 1978). Ex-
treme high tides can increase water depth and de-
crease light penerration. Extreme low tides can
cause exposure resulting in desiccation.

Extreme water movement that results from
storms or hurricanes often fractures submerged
aquatic plants. The resulting detached plant frag-
ments may not be capable of survival. It is unlikely
that vegetation losses in Mobile Bay have resulted
from storm damage alone. A scan of tide records
from the U.S. Weather Bureau Station in Mobile
does not show any abnormal tide cvents over the
last 30 years which did not also occur in previous
decades. Therefore, abnormal tide cvents can safely
be ruled out as a major factor in the declines of
SAV in Mobile Bay.
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PH

Plant enzyme aclivity, sced germination, and a
variety of other responses are affected by pH.
Drastic fluctuations could cause damage to SAV.
Extreme pH fluctuations resulting from industrial
effluent input probably can be found in Mobile
Bay as a localized condition. No documentation
has been found confirming that pH fluctuations
have aflected SAV in Mobile Bay.

Carbon

One of the most crucial raw materials for
photosynthesis in the estuarine environment is
carbon. Any limitation in the carbon availability
would be reflected in a decline of SAV produc-
tivity. Aquatic plants are capable of utilizing dis-
solved carbon dioxide in the water column through
leaf uptake. They are also able to take up bicar-
bonate ions; and finally, carbon dioxide possibly
may be taken up from the sediments by the roots
and transported to the leaves, The bicarbonate ion
as a carbon source may be a factor in plant declines
in arcas of lower salinitics, but it is probably
irrclevant where higher salinitics are found (Steven-
son and Confer 1978), More research involving this
raw material needs to be done to determine the
relative importance in assessing SAV declines.

Heavy Metals

Heavy metals occur naturally in marine, brack-
ish, and fresh waters. Generally, the occurrence is
in increasing concentrations with decreasing  sa-
linity (Bureau of Land Management 1976). There
is a lack of data concerning the biological impacts
of excessive levels of heavy metals on SAV and the
extent of heavy metal pollution in Mobile Bay.
Therelore, it is presently impossible to correlate
SAV declines with heavy metal inputs.

Bottom sediments in the vicinity of hcavy
metal input can become a metal sink of sufficient
toxicity to be unable to support any life (Davey
and Phelps 1975). It is possible that Bay grasses
may now be accumulating heavy metals; however,
no data are available to support or refute such a
hypothesis,

Petrochemicals

Petrochemicals enter the aquatic environment




from tankers, relineries, municipal and industrial
elfluents, pleasure boats, drilling, and urban and
river runoff. Increasing oil exploration, imports of
petrochemicals, and transportation of petrochemi-
cal products in Mobile Bay have become a cause
for concemn. According to the Alabama Water Im-
provement Commission {personal communication})
at least 14 major oil spills were investigated in the
Mabile Bay area in 1878,

The impact of oil contaminated sediments on
SAV appears to be largely unknown, and there is
little information avalable concerning possible
toxic cffects. Extensive laboratory and field analy-
sis would be required before a correlation can be
made between a decline of Bay grasses and petro-
chemical pollution.

Fauna

A number of resident and migratory species
feed on or around SAV. The cownose ray (Rhinop-
tera bonasus) feeds on the clam (Rangie cuneata)
which lives in the substrate at the base of aquatic
vegetation. The rays uncover their prey by vigorous
digging with their pectoral fins and crush their
food with dental plates. This species is known to
uprool submerged vegetation in the Chesapeake
Bay (Orth 1976). Due to its ability to dig for lood
in sparsely vegetated arcas, the blue crab (Caili-
nectes sapidus) may be another agent responsible
for the decline of submerged vegetation,

Various specics of waterfowl are well known
for their food preference for SAV. Annually large
flocks feed in Mobile Bay, but there is no indica-
tion that waterfowl have been overgrazing in recent
years.

Most documented destruction of SAV by fauna
is for small areas. It is unlikely that the massive
decline in Bay rooted aquatics is attributable 1o the
grazing activities of any animals.

Local Ecological Factors

Several environmental factors have a negative
impact upon SAV. Included among these are dredg:
ing and boat traffic. Indirect damage can resuit
from changes in depth or increased turbidity.
Dredging to deepen channcls or to obtain dead-
reef oyster shells, as well as any other types of en-
gineering, dislocates considerable quantities of
bottom sediments. Filling often accompanies dredg-
ing since the spoil must be deposited somewhere.
Spoil banks created by dredging in Mobile Bay
occur. Ryan (1969) reported that the construction

of the Mobite ship channel resulted in modification
of the natural circulation within the Bay. This
circulation causcd above-average rates of sediment
accumulation in the southwestern part of the Bay.

A local example of an activity that increases
turbidity is the dredging of dead reef shells. This
has occurred since 1946. Although the shell dredge
does not introduce sediments into the Bay, it does
resuspend materials present in the Bay bottom
which in most instances have been isolated from
the day-to-day ecosystem for a long period of time.
The most obvious effect of the discharge from the
dredge is a turbid plume of varying length and
width . At times in the past when the dredge has
operated in close proximity to shore areas, the
turbid plume has deposited fine clay and silt par-
ticles on beach areas.

The effects of dredging in Mobile Bay have
been studied by May (1973). He concluded that
the resuspension of sediments by dredging activity
does not have serious detrimental effects on the
estuarine environment. However, dredging for
the purpose of increasing ambient depths com-
pletely removes existing vegetation and alters the
habitat. Submerged aquatic plants normally
colonize the shallower areas along the shoreline
and extend into deeper water based on the photic
zone. By increasing the depth, SAV would be pro-
hibited from recolonizing due to a decrease in the
amount of light reaching the new dredged bottom
depth. Dredging results in picce-meal destruction
of a localized nature rather than in Bay-wide im-
pacts.

Large construction projects arc often responsi-
ble for dumping tremendous quantities of scdiment
into the Bay. An example of such a project in the
Bay arca is the development in the Spanish Fort
arca of Baldwin County. Erosion from construc-
tion projects in this arca has resulted in considera-
ble damage to the biota of D’Olive Creek and
D’Olive Bay. The downstream effects of eroded
soil from graded arcas may prove to be devastating
not only to SAV but also to important commercial
faunal species.

Dredging operations and construction projects
therefore pose a serious threat to the survival of
submerged grassbed communities. Those activities
alone can destroy or reduce SAV abundance. The
abundance of grassbed communities can be de-
creased either through silting or by a reduction in
light intensity below that necessary for photosyn-
thetic maintenance,

It is well known by local fishermen that some
of the best fishing in Mobile Bay is located around
shallow, submerged grassbeds. Sport fish such as
the spotted sea trout (Cynoscion nebulosus) red
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drum (Scizenops ocellata} and sheepshead (Archo-
sargus probatocephalus) often feed around sub-
merged vegetation. Shallow, submerged grassheds
provide protection for young brown shrimp
{Penacus aztecus) young white shrimp (P. setiferus)
and young blue crabs (Callinectes sapidus). Because
of the abundance of marine life, grassbed commu-
uities are often visited by man. Protection of SAV
therefore makes good economic as well as ecologi-
cal sense.

In very shallow water, boat propellers uproot
and cut up SAV, The extent angd permanency of
damage depends on the reproductive means of the
species involved. Species that normally reproduce
only sexually could be virtually wiped out by ex.
tensive boat traffic, Species capable of vegetative
reproduction have better chances for survival,

Another problem that has resulted in a loss of
SAV in certain portions of the Bay is the actual
removal by man. Along the castern shore in cer-
tain areas used for swimming, grassbeds have been
uprooted and eliminaicd because certain indi-
viduals considered them vndesirable. Duc to the
localized nature this impact could be responsible
for SAV losses only in specific areas.

MANAGEMENT RECOMMENDATIONS TO
MAINTAIN OR IMPROVE THE CONDITIONS
FOR GRASSBED COMMUNITIES IN
MOBILE BAY

There is 4 lack of knowledge of the distribution
of this ecologically important foral component in
Mobile Bay. Perhaps the first management recom-
mendation should be 10 construct » vegetation map
of Mobile Bay detailing the present (and past} dis-
tribution of submerged macrophytes,

Untl further rescarch is completed, it is diffi-
cult to determine what factor or combination of
factors is responsible for the changing patterns of
submerged aquatic vegetation in Mobile Bay. The
vartous fuctors that are known 1o affect SAV must
be analyzed to the extent possible given the avail-
ability of published and unpublished literature. In-
cluded among these factors are: agrochemicals,
turbidity, salinity, temperature, pH, wave action,
fauna, epiphytes, bicarbonate ton, chlorine, discase,
boat traffic, dredging, nutrient loading, petroleum
products, ahd heavy metals.

Factors which arc known to be localized or
short term are turbidity, boat traffic, dredging, nu-
trient loading, and possibly chlorine. Factors that
arc applicable to the entire Bay or a large portion
of the Bay include: agrochemicals, salinity, tem-
perature, turbidity, pH, wave action, fauna, epi-

phytes, bicarhonate ion, disease, petroleum pro-
ducts, heavy metals, and nutrient loading,

More work should be done to cvaluate the ef-
fects of agriculiural techniques in regard to erosion
control. Lrosion from runolf and wind erosion can
lead to high turbiditics and increased sedimenta-
tion rates. Another problem which some areas of
the Bay are experiencing is shoreline erosion. The
costs of arresting this natural process on a large
scale may be prohibitive. Also, hecause Mobile Bay
has been experiencing shoreline crosion and subse-
quent sedimentation since its formation in the
Pleistocene, these processes alone cannot account
for the dramatic changes that have occurred in the
last 30 years,

Construction prujects and dredging operati?t'{s
should be carricd out in such a manner as to mini-
mize damage to grasshed communitics, and in some
instances should not be allowed. More caution
should be exercised in the issuing of permits by
regulatory agencics.

A management option might be to prohibit the
operation of motor boats over species of SAV that
do not readily regenerate by vegetative propagation.
Possible management options might be to prohibit
SAV destruction or to educate the public as to the
impaortance of SAV,

H the point source discharges from sewage and
water treatment plants are determined to constitute
a major problem, lertiary treatment of waste water
may help in relieving the high nutrient burden on
grassbed communities,

Chlorination alternatives that could be imple-
mented immediately hefore discharging wastewater
into the estuary should be investigated. One pos-
sibility is to pass the effluent from cxisting sewage
treatment plants under ultraviolet radiation to kill
remaming pathogens before it is discharged. This
might reduce the need for chlorination, Another
possibility is to use land treatment as a final biolog-
ical filter to eliminate pathogens from the water be.
fore it reaches Mobile Bay. Extensive studies pio-
neered at Pennsylvania State University have found
that forested land can act as an effective buffer in
regard to bacteria (Wagner 1974).

Such land disposal methods are limited primarily
1o low density areas where land is available and not
prohibitive in cost. It may be that abundant SAV
and low chlorination and nutrient levels around
large cities such as Mobile may be incompatible
due to the expense of large sewage and water treat-
ment plants.

The possibility exists that significant leakage of
agrochemicals into streams and rivers may he the
cause of declines in $AV in portions of the Bay. If
particular herbicides utilized in the Bay area prove
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to be a problem, it may be possible to substitute
other available chemical compounds which are less
harmful to grassbed communities. Careful screen-
ing of the existing compounds should be imple-
mented at several levels before any substitutions
are made. Submerged aquatic plants should be bio-
assayed and Bay ecosystem responses need to be
determined before specific suggestions can be made.

Another management option might be to en-
courage farmers in the Bay area to construct ditches
that lead to small holding ponds where complete
biodegradation of agrochemicals would vceur be-
fore draining into the estuary. These small ponds
would be of additional benefit since they would
serve as sediment traps.

If the declinein SAV is related to some intrinsic
cyclic population phenomenon of the Bay ecosys-
tem, it should be possible to reestablish them using
planting techniques. Planting techniques have been
used in Maryland, Florida, and Mississippi with
varying degrees of success {Stevenson and Confer
1978). There scems to be considerable difficulty in
establishing large beds; however, small beds have
been reestablished in other estuaries. Small beds
can bccome large beds given enocugh time. If the
decline in SAV is related to some overall change in
water quality of the Bay, it may not pay to attempt
large scale replanting. A management option might
be to identify those areas in the Bay that are hikely
to support SAV and attempt to reestablish grass-
beds on a small scale.

A reasonable management option might be to
incorporate existing productive grassbed commun-
ities into an estuarine sanctuary. These could then
be protected from dredges and small boat propellers
which negatively impact populations of SAV. This
would also provide arcas where long term experi-
ments could be conducted by researchers to answer
management questions.
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THE STATUS OF ZOOPLANKTON SCIENCE IN MOBILE BAY

Linda P. Shipp
Dauphin Island Sea Lab/Spring Hill College
Dauphin lsland, Alabama 36528

ABSTRACT

Physical and bhiological parameters affecting
zooplankton development, distribution, and suc-
cess are discussed, Data are drawn from studies
within Mobile Bay and associated estuaries (Mis-
sissippi Sound, Biloxi Bay).

The carliest studies of zooplankton populations
within Mobile Bay wcre those of lierrick in the
late 19th century. Recently, a 14-month estuarine
inventery by Swingle included information on
zooplankton from three passes into Mobile Bay.
He indicated .Adcartia tonsa as the numerically
dominant copepod, and ctenophores second in
abundance. Larval fishes collected by Swingle
were predominantly clupeiforms and sciaenids.
Post larval shrimp of the genus Penaeus were also
collected. Jones' siudy of both plankionic and
henthic protozoans in Mebile Bay included or-
ganisms from six familics of dinoflagellates, and a
single species each of a radiolarian and the ciliate
family Tintinnidae. Shipp, in her studies of the
vertical and horizontal distribution and abundance
of larval stages of decapod crustaceans from West
Fowl River, a tributary of Mobile Bay/Mississippi
Sound, demonstrated numecrical abundance of
four species with Uca. spp. representing 86 percent
of the total collection. Only two percent of the
total collection of approximately 84,000 individuals
were older larval stages which suggesis a high mor-
tality rate at the earliest developmental stage.

INTRODUCTION

This 15 a discussion of general biclogical and
physical parameters affecting the development,
success, and survival of zooplankton populations
in Mobile Bay. The information is based on zoo-
plankton research from Mobile Bay and its tribu-
taries when available, closely associated estuarine
systems {Biloxi Bay, Mississippi Sound}, and similar
estuarine communities {Apalachicela Bay, Chesa-
pcake Bay, Pamlico Sound).

Estuarinc zooplankton are small pelagic animals
of limited mobility composed principally of crus-
tacca of the order Copepoda. Members of a wide
varicty of other animal phyla, e.g. protozoans,
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chaetognaths, pteropods, tunicates, ctenophores,
siphonophores, complete the assemblages. These
populations are augmented, sometimes in great
numbers, by meroplanktonic forms, karval stages
of the benthos, e.g. trochophores, veligers, nauplii
of arripedes, decapod larvac, larvae of echino-
derms, medusac of hydromedusan 1ypes. Eggs and
larval stages of many fish species also are included
at times,

PARAMETERS AFFECTING DISTRIBUTION
AND ABUNDANCE

Zooplankton species compasition and distribu-
tion are directly related to general morphometric
fratures of the estuarny. Establishment and main-
tenance of populations within the estuary are de-
pendent in part on flushing rate and patterns of
circulation, A combinaton of reproduction rate
and immigration balance the rate of loss by flush-
ing and mortality. The amount of fresh water in-
flow from assuciated river svstems (e.g. Tombigbee,
Tensaw, Alabama, Blakeley) affects flushing rate,
regulates salinity, and affects nutrient levels and
their cyeling rates. Fresh water inflow brings in-
organic and organic matter inte the estuary and
Riley (1967) suggested that such organic matter
may have a qualitative influence on zooplankton
specics composition. River-bom silt carded by such
inflow may reduce transparency and thus negate
some of the effects of nutrient ennchment on the
level of primary productivity. Significant environ-
mental gradients are cstablished along the length
of the estuary from the fresh water exchange in-
fluencing reproduction, growth, distribution, and
survival of the species,

Patterns of circulation, especially the presence
of a counter-current circulation, may enhance
survival of zooplankton populations within the
estuary. Many holoplanktonic forms are able to
maintain a preferred depth vertically, often sceking
bottom waters, regions of least dispersal (Raymont
1963), Sandifer (1975) proposed that the tendency
for larvac of estuarine dependent decapod species
to retrcat to bottom waters where net flow is up-
stream is a possible mechanism for retention within
the estuary, and thus a means of recruitment to



e ————————

adult populations. .

Zovoplankton abundance as well as changes in
specics composition are also rfzg'ulalcd by such
factors as composition and quantity of phytoplank-
tion, abundance of predators, and concentration of
pollutants {Gibson and Grice 19?7). A rclatl_vely
shallow topography such as Mobile Bay combined
with rapid tidal mixing may result in rapid cycling
of nutrients, Such rapid cycling leads to increased
primary productivity levels and a smoothing of the
seasonal cycle of phytoplankton productivity
(Ritey 1967), and thus an increased food supply
for zouplankters,

Voracious predation by ctenophores on other
plankters is well documented (Xelson 1925, Barlow
1955, Grice 1956, and Phillips, Burke, Keener
1969}, Mclilwain (1968} suggested predation by
ctenophores, chaetognaths, and larval fishes was
responsible for periodic reductions among cope-
pod populations from the Mississippi Sound. Gib-
son and Grice (1977) observing controlled labora-
tory experiments speculated that heavy grazing
by carnivorous ctenophores and medusae was the
major factor in severe numerical reduction of
zooplankton populations. Perry and Christmas
(1973) reported low volumes of plankters associated
with the presence of the ctenophore, Mnemiopsis
mecradyt, in Biloxi Bay and Mississippi Sound. The
plankion volume for 26 of 95 samplcs was almost
exclusively ctenophores, leading them (o speculate
that ctenophore predation on scasonally occurring
larvae of commercial species, and competition with
other plankton feeders (larval, juvenile, and small
fishes} might he an important factor in annual
fishery production,

Some xenobiotic substances entering estuarics
through industrial and urban waste, natural sec-
pages, agricultural runoff, and accidental spills are
toxic to zooplankters. Such pollutants are charac-
Icristic ol waters in proximity to industrial com-
plexes {e.g. Theodure Industrial Complex), agricul-
tural developments (e.g. Baldwin County), and
sewage treatment plants,

Reeve et al. (19774) demonstrated a reduction
i fecu pellet and egg production in laboratory
popalations of copepods from short-term exposure
of 5 pgfl copper, Their earlier rescarch (1976)
showed that acute toxicity of copper and mercury
is & function of size, tolerance of the species, and
the population exposed, with differing populations
ol the same species showing variability. There is,
however, inconsistency between reports on the cf-
fects of heavy metals in the 1-10 #gf1 range on
zooplankion. This is associated with the use of dif-
ferent species for study, analysis of metal concen-
trations, and relating the biological effect to the

chemical cause. Reeve et al. {1977b) confirmed
that biological elfects can be demonstrated within
this range, and at least for copper, may be within
the same order of magnitude as the environmental
background levels in some inshore regions. They
suggested the nature of the metal may be less im-
portant than the total amounts of metals present
over the range, i.e. copepods may possess mechan-
isms for detoxification of small amounts of mer-
cury cven though it is potentially more toxic than
copper.

Chlorinated hydrocarbons are highly cumaula-
tive and persist in estuarine organisms. Uptake by
phytoplankton may concentrate it hundreds of
times over ambient levels resulting in suppression
ol growth (Walsh et al. 1977). Bioconcentration
and transler through estuarine-food chains were
demonstrated by Bahner ct al. (1977). Bahner re-
ported that initial bioconcentration from water by
planktonic food organisms was the dominant source
of Kepene™ to each member of a characteristic
food chain tested experimentally (plankton-mysid-
fish). However, they speculated that in the field,
bioconcentratien from water would be the domin-
ant source of the pollutant to all members of the
food chain, but with significant quantities (> 85%)
transferred from prey to predator,

Epifanio (1871), testing the effects of dieldrin
on two specics of xanthid crab larvae, found toxic-
ity more dependent on the stage of development
than the length of exposure, He reported that 1
ppb significantly affected the survival of larvae in
the first zocal stage. There was no differential mor-
tality as crabs progressed from stage 2 to megalopa.
Both dicldrin and the chlorinated hydrocarbon
Sevin® showed similar effects on crab larvae, af-
fecting the molting process at the first zoeal stage,

The larval stage is the most critical phase in the
life history of an organism, with recruitment to
adult populations depending on their survival.,
Shipp {1977), working in West Fowl River, a tribu-
tary of the Mobile Bay/Mississippi Sound estuary,
demonstrated that natural mortality appears high
among decapod larvae and added mortality at the
earliest zocal stage could severely affect population
structures and abundance of commercially impor-
tant invertebrates,

Chlorine concentrations at levels discharged
into estuarine waters from sewage treatment plants
are toxic to zooplankton populations {Heinle and
Beaven 1977). They reported LCy¢ (concentration
lethal to 50% of test organisms) of 0.175, 0,062,
and 0,028 mg/l of chlorine produced oxidants for
adult and immature copepodids (combined) of
Acartia tonsa at 15° C and salinities 104 - 118
0/00, Preliminary results with nauplii of 4. tonsa
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suggested lower 1.Cgg than those for adults at equi-
valent exposure times. They thus suggested that
Jethal exposures to chlorine might commonly oc-
cur because near-ticld concentrations of chlorine of
001 to .01 mg/l and up 10 2 mg/i have been estab.
lished adjacent to an estuarine power plant and
sewage treatment plants, respectively,

Under favorable conditions, estuarine zoo-
plankton populations exhibit volumetric and
numerical abundance but limited diversity. Eury-
thermy is characteristic of its members, with a
number of species able to survive most seasonal
temperature ranges. Summer populations are high
because of increased primary productivity and the
strong seasonal effect of meroplankton,

MOBILE BAY STUDIES

The paucity of data conceming zooplankton
populations in Mobile Bay is surprising. The earliest
studies were those of Herrick (1884, 1887) listing
a number of crustacea collected from the northern
Gulf coast including Mobile Bay. Ten species of
copepods collected in cither Mobile Bay or the
Mississippi Sound were identified but because of
the date, taxonomic reevaluations are needed, The
species listed were: Temora affinis, Temorella af
finis, Calanus americanus, Acartia gracilis, Pseudo-
Diaptomus pelagicus, Amyone intermedia, lLao-
phonte mississippiensis, Laophonte similis, Har-
pacticus chelifer, and Canthocamptus mobiionsis.

Swingle (1971) completed 4 14-month estua-
rine inventory that included 4 plankton stations,
3 at passes into Mobile Bay. The sampling proce-
dure included surface tows only, and most samples
were separated to higher taxa. The data are sum-
marized in Tables 1, 2, and 3. The dominant spe-
cics was the copepod, Jcartia tonsa, collected in
greatest numbers during winter months. Cteno-
phores were second in abundance. Mcllwain (1968)
and Perry and Christmas (1973) reported A. tonsa
as the dominant species from Biloxi Bay and the
Mississippi Sound. They listed Centropages hama-
tus, a boreal-temperature calanoid, as a characteris-
tic winter species, and Temora turbinata, Centro-
pages furcatus, Labidocera acstiva, and Ofthona
brevicornis as characteristic populations of warmer
months.

Fish larvae were predominantly clupeiforms
and sciaenids. Swingle (197 1) reported large catches
of larval and small juveniles at moderate salinities
as indicative of winter spawning for most species.
He indicated that the presence of larval silver perch
(Bairdiella chrysura) substantiated their spawning

in the Bay. Larvae of the Bay anchovy {Anckoa
mitchilli) were rare, as were those of the Atlantic
croaker (Micropoyon undulatus). Perry and Christ-
mas {1973) also indicated this latter species as rare.
Other larval specics collected in Swingle’s study
were Brevoortia patronus, Synodus foetens, Myro-
phis punctatus, Hippocampus erectus, Oilgophites
saurus, lLarimus fasctatus, Leiostomus xanth urus,
and Lagodon rhomboides.

Post-larval shrimp of the penus Penacus were
collected cach month except October through
January. Perry and Christmas (1973) also collected
post-larvac of this genus, but also the laurvae and
post-larvac of two other penaeid gencra (Trachy-
penaeus, Sicvonia) were present.

The data of Mcllwain (1968) and Perry and
Christmas  (1973) from adjacent Mississippi
Sound and Biloxi Bay Estuary may be indicative
of Mobile Bay populations because of the prox-
imity of the three locations, Mcllwain {1968} iden-
tified 15 species of free-living copepods (Table 4)
indicating greatest abundance from June through
August. Perry and Christmas (1973) wentified 31
free-living copepod species, 12 of which were listed
by Mcllwain (1968). They established new Missis-
sippi Sound records for the following 17 specics:
Undinula vuigan's, Nannocalanus minor, Eucalanus
attenuatus, Rhincalanus cornutus, Euchacta marina,
Pseudodiaptomus coronatus, Eurytemora hirun-
dovdes, Calanopia  americana, Pontella meadi,
Osthona plumifera, Oncaca sp., Corycacus {Q.)
catus, Corycacus subulatus, Corycacus amazonicus,
Copilia mirabilis, Macrosetella gracilis, Clytemnrs-
tra scutellata. Also included in their list of species
were members of 10 other phyla including the lar.
vae of commercially important shrimp, crabs, and
fishes,

Four groups of protozeans are commonly
members of the zooplankton: two families of Fora-
miniferida {Globigerinidae and Globorotaliidac),
dinoflagellates, radiolarians, and the ciliate family
Tintinnidae. A two-year study of 18 stations in
Mobile Bay (Jones 1974) included both planktonic
and benthic protozoans, Jones listed 76 families
including six families of dinoflagcllates, a single
species of Tintinnidae, Tintinnus reclus, and one
species of radiolarian, Acanthometron pellucidum.
Neither foraminiferan family was present,

Shipp (1977} discussed the horizontal and vet-
tical distribution as well as abundance of larval
stages of 13 species of decapod crustaceans. Col-
lections were from West Fowl River, a small coastal
river flowing south into Mississippi Sound at Por-
tersville Bay. Surface and bottom plankton samples
were taken monthly for an annual cycle at 5 sta-
tions thal ranged from the more saline conditions
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of Portersville Bay to near fresh water conditions
ups{;f)?_lr:‘l species numerically dominated the collec-
tions: Uca sp. (possibly several species}, Rhithro-
panopeus harristi, Sesarma reticulatum, and §.
einereum. Uca sp. represented 86% of the total
larvae collected (Table 5).

Larvae were presentin the plankton from March
through November, but abundant only from April
through September. Different species showed dif-
fering abundance peaks over the 12 months. The
data indicated that salinity played a limiting role
in the distribution of the larvae. As salinity de-
creased upstream, fewer species were present. The
four numerically dominant species were collected
at all 5 stations. Other species were more limited
in their distribution, Several species showed a con-
sistent pattern of greater abundance in bottom col-
lections. All zoeal stages of 5. reticulatum and R.
harrisii were more {requently collected from bot-

tom samples at all stations. This was true also for
older stage palaemonid larvae and all callianassa
larvac., These data support Sandifer’s (1975) hy-
pothesis that such bottom distributions are poten-
tial mechanisms of retention within the estuary as
discussed earlier.

Vertical migration in responsc to changing light
conditions was cvident for all species collected in
significant numbers. The greatest abundance of
older stage zoca was collected in late afternoon and
threughout the night in surface collections.

Approximately 2% of the total collection of
84,000 individuals were older larval stages. This
scarcity was possibly a result of development of
older stages downstream in waters of higher salin-
ity or an indication of high mortality at the early
zoeal stages. It appeared, however, that hatching
and early development occurred within the marsh
habitat associated with the adult distribution,

Table 5. Total Abundance ol Each Larval Stage of Each Species of Plankter in
West Fowl River, Alabama (Dec. 1974-Nov. 1975).

LARVAL STAGE

SPECIES 1 11 111 v v vI VII V1Ii MEG TOTAL
Palaemonctes spp. 334 18 4 2 0 1 6 x® 1 336
Alpheus sp,

{"heterochaelis?*) 6 11 ¢ 0 0 — - 0 17
Ogyrides limicola 2 2 4 o 0 o o o 0 8
Catlignassa sp.

{*“famaicense?™) 56 25 X X X X X X 0 81
Upogrbie affinis 4 0 o 0 X X X X 0 4
Sesarma cincreum 1,262 2 0 0 X X X X 1 1,265
Sesarma reticulatum 3,115 33 1 X X X X X ¢ 3,149
{/ca spp. 72,067 18 0 0 0 X X X o 72,085
Rhithropanopens
harrisif 4,660 BR25 247 141 X X X .4 0 5,873
Eurypanopeus
depressus 483 1 0 1 X X X X 0 485
Panupicus kerbstii}

Eurytium limosum 335 0 0 0 X X X X 0 335
Callinectes sapidus ) 1 0 0 0 o 100 101
83,770
X Stage does not occur for this species,
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ROLE OF ZOOPLANKTON IN THE ESTUARY

The role of zooplankton in the estuary is still
unclear. The classical food-chain sequence phyto-
plankton-zooplankton-carnivores  has been  ques-
tioned, at least [or certain shallow estuaries, such
as Mobile Bay, where benthic animals are impor-
tant consumers of phytoplankton. Williams et al,,
(1968} suggested that the scarcity of zooplankton
relative to available plant preduction may be
normal for shallow embuayments and 1hat grazing
by zooplankton in these arcas may have little ef-
fect on density of phytoplankton,

Zooplankton is important as a basic food
source, with many fishes exhibiting a planktivorous
stage in their life history. Fish (1925} indicated
food as the most important factor in the distribu-
tion of larval fish, scarcity of food resulting in re-
duced numbers even when other conditions were
suitable, He listed crustaceans, especially copepods,
as their main dict. King (1954} identified mysids,
cuphausids, amphipods, larval stomatopods, and
larval fishes in stomach contents of commercially
important  fishes. Sheridan  (1978)  reported
calanoid copepods (Acartia spp.) as the major food
item for all size classes of the numerically
dominant Anchoa mitchidli in the Apalachicola
estuary. With size increase, 4. mitchili predation
on copepods decreased in favor of larger zooplank-
ters. Depending on the month, wmysids,
cladocerans, insect larvae, and crab zoea {Rhithro-
panopeus harrisii) were major food items. Stomach
contents of approximately 3,400 A. mitchslli were
examined; overall 68.2% of their diet was calanoid
copepods, 9.1% mysids, with cladocerans and bar-
nacle nauplii next in importance.

Perry and Christmas {1973} suggested the pre-
sence of oceanic species as Euchaeta maring,
Fucalanus attenuatus, and Rhmcalanus comutus
may act as indicators of current movement within
the estuary. Fleminger {1956) noted that such in-
frequent occurrences of occanic forms in the
regions of the Mississippi Delta and Mobile Bay
possibly resulted from an influx of open Gulf
water via subsurface currents,

RECOMMENDATIONS

The lack of research on zooplankton in Mabile
Bay leaves many questions unanswered. Factors
normally controlling zooplankton biomass (ie.,
salinity, temperature, food supply, predation)
need study. Zooplankton may be turning over
rapidly because of heavy predation and abundant
food supply but be relatively unimportant as an
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herbivore link in this estuarine food chain. As in-
dicated by Sheridan (1978) the composition and
distribution of zooplankters may be of major im-
portance to the presence of larval and juvenilc
commercially important fish species. Two ichthyo-
plankton studies observing ¢gg and population dis-
tribution and abundance within Mobile Bay are
now in the initial stages (Larry Williams, Don Mar-
ley, per comm., Dept. of Biclogy, University of
South Alabama).

Data concerning meroplankton are frequently
lumped into higher taxa becausc of the difficulty
of identification. l.iterature is now available to aid
identification of many estuarine larval decapod
crustaceans (Kurata 1970; Sandifer 1972). How-
ever, because of the number of phyla comprising
zooplankton assemblages, research should involve
several individuals of varying expertise for a
thorough understanding of these populations.

Fuctors known generally to affect zooplankton
populations have been discussed, but until the
present conditions of the Mobile Bay populations
are explored, little can be said conceming stress
levels and their effects. Keeping at a minimum acti-
vities that increasc water turbidity (e.g., shell
dredging, shrimp trawling, increased silt levels
through fresh water influx), preventing increased
polfutant levels, and maintaming natural estuarine
circulation patterns and salinity gradients will
maintain these zooplankton populations at their
most natural state.
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BENTHOS OF THE MOBILE BAY ESTUARY

Barry A. Vittor
BARRY A. VITTOR & ASSOCIATES, INC.
8100 Cottage Hill Road
Mobile, Alabama 36609

ABSTRACT

Estuarine infaunal benthic communities repre-
sent a critical link between coastal wetland eco-
systems and higher trophic levels. They also are
accepted as good indicators of the fate and effects
of chemical pollutants and of impacts of coastal
development. Despite their importance in Mobile
Bay, the benthos are poorly described. Only three
areas have been characterized seasonally: D'Olive
Bay; the Theodore Ship Channel project site; and
the Mobil Oil test well site. The latter two studies
have furnished comprehensive habitat quality
data in addition to benthic community structure.
Principal recommendations for correcting the ex-
isting data gap include defining seasonal benthic
community structure throughout the estuary,
generating a habitat quality index which will per-
mit comparisons of different benthic habitats, and
estimation of monetary values of estuary bottom.

INTRODUCTION

The impoitance of infaunal benthic organisms
in aquatic and marine productivity has been docu-
mented by many investigators. Organic detritusf
carbon is consumed by detritivores such as deposit-
feeding meiofauna, infaunal polychaetes, and fish,
and made available to higher trophic levels {Biggs
and Flemer 1972; de la Cruz 1973). Coull (1971)
reviewed early information on meiofaunal-macro-
faunal relationships and concluded that trophic
linkage exists between meiofauna and shrimp.
polychaetes, and some nektonic animals. This
trophic relationship was measured by Diaz et al.
(1978), who showed that meiobenthic crustaceans
represent a significant prey item for certain fish
species in the James River (Virginia) estuary.

The consumption of macroinfauna by preda-
tors further documents the value of benthic animals
in transfer of energy from coastal wetlands to
higher trophic levels. Food sources of hake (Sikora
et al. 1972), flounders (Stickney et al. 1974), cat.

fish (Heard 1975), croaker (Overstreet and Heard
1978a), and red drum (Overstreet and Heard
1978b) are dominated by epibenthic crustaceans,
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but also include infaunal organisms (especially
polychactes). Darnell (1958} and Livingston et al.
(1976) showed that polychaetes provide an impor-
tant link in the detritus-based food chains of estu-
aries.

Benthic organisms are also good indicators of
pollution and construction-related perturbations
in the estuary. Because the infauna are generally
immotile, their presence/abundance provides pre-
sumptive evidence of impacts of habitat change.
Reish (1955, 1966) has shown that infaunal poly-
chaetes vary in abundance and diversity with the
degree of contamination of sediments in Long
Beach Harbor (California). Effects of dredging on
the benthos have been studied by Taylor and
Saloman (1968), Taylor (1972), Stickney (1973),
Lackey et al, (1973), Vittor (1974), Markey (1975),
and others. In general, infauna are removed or
destroyed by dredging and dredged material dis-
posal, However, uniess the nature of the sediment
or hydrography is changed, recolonization of dis-
turbed bottoms will be rapid. Polychaetes are the
earliest colonizers of dredged material (Rhoads,
et al. 1977) largely as a result of year-round repro-
duction (Dauer 1974).

BENTHIC STUDIES OUTSIDE MOBILE BAY

Several studies have been conducted of the
benthic environments in the vicinity of Mobile
Bay. The most important of these investigations
characterized the oil lease areas in the northeastern
Gulf of Mexico, including the area south of Dauphin
Island, The Mississippi-Alabama-Florida (MAFLA)
program was funded by the U.S. Department of
the Interior, Bureau of Land Management from
1974 through 1978, and included intensive seasonal
sampling of major benthic habitats on the Missis-
sippi-Alabama Shelf.

Other studies in the area outside Mobile Bay
have included several summer class surveys south
of Dauphin Island (reviewed in Vittor 1977), and
a one-time intensive sampling of the benthos of the
Gulf Intracoastal Waterway from St. Marks River,
Florida to Lake Borgne, Louisiana (Taylor 1978).
Markey (1975) conducted a benthic survey of
Gulfport Harbor, Mississippi in relation to dredging



of the ship channel. None of these benthic studies

examined seasonal variability in community strue-
ture, species diversity, and individual abundance.

BENTHIC COMMUNITIES IN MOBILE BAY

There is a general paucity of good data for the
benthos of Mcebile Bay, A checklist of mollusks in
Alabama’s coastal waters was compiled by Parker
{1960}, but did not provide quantitative data for
animal-sediment relationships or mollusk com-
munities. His survey identified eight habitats based
on the presence of mollusk species:

A. River-influenced, low salinity assemblage;

Zoellner and McPhearson (1964) collected
trawl samples in several epibenthic habitats in
Mobile Bay and Mississippi Sound. They reported
large numbers of bottom-dwelling decapods {prin-
cipally Calfinectes sapidus, Penceus spp., FPagurus
Spp., Panopeus herbstir, and Libinig emarginata),
and occasional patches of the cnidarian Renilla
reniformis, the echinoderms Luidia clathrate and
Mellita testudinata, and the polychaete Chaetop-
terus variopedatus. Their data reflect patterns of
epibenthic rather than benthic community struc-
ture,

Mobile Bay studies which have provided quan-
titative information on benthic communities are
listed in Table 1. Sites where data were collected in
these various investigations are depicted in Figure

B. Assemblage in open sound or bay; 1. The legend on Figure 1 provides an explanation
C. Assemblage at margins of open sound orbay;  of sampling intensity. Only 3 of the 10 studies
D. Enclosed bay or inter-reef assemblage; listed can be considered to represent adequately
E. Qyster reef assemblage; spatial and temporal characteristics of benthic
F. Inlet and deep channel assemblage; communities. These are the studies of D’Olive Bay
G. Surf zone, 0-4 meters, assemblage; {Vittor 1974), the Theodore Ship Channel project
H. Inner Continental Shelf, 4-24 meters. site (Vittor 1979a; Hopkins 1979), and the Mobil
Table 1. Sources of Benthic Community Data for Mobilc Bay, Alabama.
Study Sample No. SBiations/
Number Period Area Studied Frequency Refcrence
1 1970 Tidal streams 23/1-3 times Bault, 1970
2 1972 West shore near Deer R, 9/once Taylor, 1572
3 197273 D'Otive Bay 18/4 seasons Vittor, 1974
4 1973 Lower Mobile Bay 15/once Virtor, 1973
5 1973 Intersection of Dog 24/once Lackey ctal,
River and Mobile Ship 1973
Channels
a/
6 1975 Intertidal, Dauphin I. 6/once Kennedy, 1975
ridd 1977-78
- Gulf Intracoastal 56/once Taylor, 1978
Waterway
B 1977.78 Theodore Ship Channel 3/10 times; Hopkins, 1979;
project area 515 seasons Vittor, 1979%
9
1978 Garrows Bend 12/once Vittor, 1978
10 . .
1978.79 Lower Mobile Bay, 8/2 seasons Vittor, 1979b

Mohil Oil site

A . -
Excluding six stations on the Gulf side of Dauphin Island
b, .

Work performed by B. Virtor and reparted by Taylor (1978).
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Figure 1. Locations of Historic Benthic Community Inves-
tigations in Mobile Bay, Alabama and Mississippi Sound.
Refer to Table 1 for explanalions of site numbers. Bold-
face numbers refer to major benthic studies,

Oil test well site (Virtor 1979b). The remainder of
the citations represent smallscale or one-time
sampling of benthic habitats.

Bault (1470} sampled 23 stations in the coastal
streams of Alabama dunng an 8-moenth period. He
reported approximately 43 species of macroinverte-
brates, including 26 species of polychaete worms.
Unfortunately, information is not provided regard-
ing sample size or number, or sieve size. Qualitative
cxamination of his results suggests that the benthos
of most of the tidal streams sampled were domin-
ated by arthropods, including gammand amphi-
pods and dipteran larvae.

Vittor (1974) reported a total of only 19 ben-
thic species retained by a 1 mm sieve size in D’Olive
Bay. The polychacte Laeonerers culveri dominated
most benthic habitats although gammarid amphi-
pods and the marsh clam Rangw cunesta were
abundant at some siles. Species diversity (as H',
log base 10) averaged 0.29 for all stations sampled
seasonaliy. 12’Olive Bay benthos were shown to be
influenced by fluctuations in salinity and dissolved
oxygen, as well as by sediment texture. Seasonal
changes in species diversity were not statistically
significant, although post-dredging infaunal abun-
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dance and diversity were considerably lower than
prior to dredging.

Several stations near Deer River were sampled
once by Taylor (1972) in order to describe the
recovery of bottoms affected by oyster shell dredg-
ing. Average specics richness and individual abun-
dance ranged (rom 1 to 7 and 0 to 1024 per 1.0
m?, respectively. Highest macroinvertebrate abun-
dance and diversity occurred in sandy substraies.
The data obtained do not appear to represent ade-
quately the benthos in this area, when compared
with more recent data described [or the Theodore
Ship Channel Study.

A preliminary survey of 5 points i lower
Mobile Bay by Virter (1973) suggested that poly-
chaetes dominate infaunal communities in sand
and silt bottoms, Of 35 species identified, 36 were
polychaetes; 84% of the individuals sampled were
polychaetes. The very limited scope of this pro-
gram precluded adequate characterization of the
benthos.

Lackey et al. {(1973) reported 18 species in bot-
tom samples collected near the intersection of Dog
River Channel with the Mobile Ship Channel, The
clam Telling texana dominated most of the 24 sites
sampled, while the clam Mufinia lateralis was locally
abundant.  Taxonomic discrepancies  between
identifications of lLackey et al., and other investi-
gators {e.g., Parker 1960; Hopkins 1979; Vittor
1979a) reflect the difficulty of incorporating
varied data bases into an integrated characterza-
tion of the benthos. Species diversity values F'
log base 10) ranged from 0 to 0.69. Individual
abundance ranged from 43 to 1080 per 1.0 m?,
with considerable variability between transects and
stations.

Intertidalfsubtidal pelychaetes at six  sites
around Dauphin Island were described by Kennedy
{1975}). Fach sitc was sampled once for sediment
texture and polychaete abundance and diversity.
Individual abundance ranged from 10 to 56 per
1.0 m?, while H’ {(log base 10) ranged from 0.20 to
0.58. Samples were collected during June-July
1975, so these results probably reflect average sea-
sonal environmental stress,

An intensive study of benthic organisms was
conducted in the Theodore Ship Channel project
area by Vittor (1979a) and Hopkins (1979). This
program provided for quarterly sampling of macro-
inveriebrates at eight stations from November
1977 through October 1978. In addition, monthly
samples were obtained at three sites from March
through September 1978, Sediment analyses were
performed on quarterly samples at each station. A
total of 78 macreinvertcbrate species was identified,
including 38 species of polychaete worms. Domin-



ant infauna included the polychactes Mediomast us
caltforniensis, Polvdora ligni, Streblospio benedic i,
Neanthes succinea, and  Parandalia  (Loandalia }
amencana, Other dominant forms were the clams
Rangia cuncata and Telling dmeats and the amphi-
pod Mclita nitida. Polychaete  diversity varied
significantly  with  respect 1o scason: lowest H°
diversitics (0.18, log base 10) occurred during the
summer and fall of 1978, ‘This investigation pro-
vided good imformation on benthic cominunily
structure and  relationships with  environmenial
conditions,

Benthic communitics in and near Garrows
Bend were sumpled during August 1978 by Vior
(1978). This study defined small-scale variabiliny in
Garrows Bend, Average macroinvertebrate abun-
dance ranged (rom (31 10 590 individuals per 0,07
m®, while H' (log buase 10) ranged from 045 1o
(0.78. Community structure was stilar to that ob.
served by Lackey et al. (1973), Vittor (1979a), and
Hopking (1979}, although some taxonomic dis-
crepancies existed umong the mellusks, Significant
differences in mollusk species also occwrred be-
tween this study and the survey by Parker (1960):
neither of the wwo dominant gastropods {Pro-
bythinclla protera and Texadma sphinctostoma )
was listed by Parker,

Benthic cuninunitics along the Gul! Intracoas-
tal Waterway in Mississippi Sound and Mohile Bay
were described by Tavlor (1978). Eight transects,
cach including seven sives, were sampled for nacro-
infauna and sediment texture during fall-winter
1977, Thas mwestigation provided good informa.
uon on macrobenthos for lower Mobile Bayv during
the sample period and demaonstrated thar zoegea.
graphic dilferences inthe lower Bay and Mississippn
Sound are largely anribuwalble to substrate charac-
tenstics, Dominent taxa in Muobile Bay inchaded
the polychactes Meddiontastus calrformiensis, Stre-
bensprio beneedictd, and Puramplrionome pudehetla,
tThe  considerably  more daverse and  abundant
matrobenthos near the Daunphin Island Bridge were
dominated by M californnnst and P prdcheila in
addition to the polychactes Seedaplos foliosus,
Neanthes suceinea, Heteromastus flliformi, and
Paraprivnesfriio pinndte. Nemestean worms and the
pelevypod Gemma were locally abundant.

The most intensive scasonal benthic mvestiga-
tion performed in Mobile Bay is being sponsored
by Mobil Gil Corporation in association with thewr
test-well near Dauphin Island (Vitter 1979h).
Fourteen stations were sampled before dnlling and
will be sumpled again after completion of opera-
tiuns, Six of these sites have been sampled quar-
terly. Sediment texture analysis has been obtained
in conjunction with collection of macroinvertebr-

ate and meiofaunal samples. The first four sz'implll'!‘%
seasons (July, August, N()\'ﬂﬂ!)&]‘. and 'J'dl}ua:?a}
have  shown  exceptionally  high  macrom au
abundance and diversity, A total of e_lpproxlmatcly
287 taxa {including 136 species of polychaetes)
have been obuained thus far. Indivuiu‘al ablzmdan_ce
has ranged from 114 10 3028 per 0.54 m*, while
H' (log base 1Y bas ranged from 0.77 to 1.56.
lligiit-st diversity was observed on sandy silt bot-
toms during 1he fall. Heavy recruitment of la.r\:ral
and javenule polychactes was observed In tl‘.Lc melo-
fauna daning  the all. Dominant macrmr.lfauna.l
species included the ul‘c‘hi;mn(‘]id l’r.J!’}'.E:.r)F(fEUS; th_f
polveluetes Medivmastus californiensis, ()we'n_&a
fusifurmes, Magelona sppe., Parapio nasvilis longictr-
ratu, Malacoceros vanderhorsti, and Neanthes spp.;
and  the  ophiuroid  Yroropholis atra. Seasonal
changes in benthic communiy structure appeared
10 be rebated primarily to salinity changes: modFr-
ately high salinities sustained through the fall mam-
tined an unwsual asseimblage ol macroinvertebrates
including many forms which are only marginally
tolerant of low salinitics und normally cccur in the
open Gull ol Mexico.,

ASSEMBLAGES OF MACROBENTHOS IN
MOBILE BAY

&111(']"li]l\"l'l"l‘bl'lltl' UL nee in !‘naj()l‘ l)en‘[hic
habitats ol Mobile Bay and Mississippi Sound is
summarized in Table 2, No attempt has been
made 10 mterpolate between study sites described
above breause these sites are very widely spaced,
the vanious investigations  differed  greatly  with
respect 1o samphing mtensity and {requency, and
the Bay exhibity greater patchiness in sediment
types than suggested by the sediment distribution
map prepared by Ryan (1969}, Oyster reef com-
munities are excluded from Table 2 because they
are discussed in a subsequent paper. The distribu-
ton of oyster reefs in Mobile Bay was described
m May (1971},

Several species are nearly ubiquitous in distri-
bution in the estuary. These include Mulinia latera-
Irs, Mediomastus californiensis, Neanthes succinea
and Streblospio benedicti. Benthic species whic]';
are better indicators of specific habitat types in-
clude the following: Probyihinetla protera, Texa-
dina sphr:ncms!uma. Gemma sp,, Rangia cuncata,
Pof}'gardms‘sp:. Lﬂ(’om'n_‘is culveri, Malacoceros
vanderhorsts, Neanthes micromma, Farapionosyllis
longicirrata, Corophium lacustre, and Micro hy;'
atra. Implied habita: specificity is daubil P vy
cal in some cases as a result of inad auotless art-xﬁ-

€quate sampling
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Table 2. Ocemrence of Dominant Macroinvertcbrmates in Major Benthic Habitats in Mobile Bay and Mississippi Sound, Alabama.

SALINITY CONDITEONS SEDIMENT TEXTURE GEOGRAPHIC LOCATION
Fresh Brackish Fine Upper Middle Lower Mim. Relerepce
SPECIES Arackish Brackish  Marine Clay St Sand Samd  Pay Bay Bay Sound  Number{s)*
GASTROPODA
Neritina reclivata X X X X 58
Frobythinelic protera X x X 9
Texading sphinctostoma X X X g
PELECYFODA
Gemma sp. X X X 7
Mocoma mitchell X X X X X X 7B
Mulinig lateralis X X X X X X 5.7.8
Rangwa cuneato X X X X ® X 13,89
ANNELIDA
Heteromartus filiformis X X X X X X 6,7
La¢orierets cuiven X X X X X 1.3
Magelona spp. X X X X 10
Malacoceros vanderhorsti X X X i0
Mediomarius californiensit X X X X X X X X X X 14910
Neanthes micromma X X X 1;)b '
Neanthes succinea X X X X X X X X 4.7.8,10
Cuenia fusifermo X
Paramphinome pulchells X X X X X X +.7
Parandaliz americana X X X A x x X 1,789
Parapianaiyvllis longickrata X X X 10
Paraprionaspio pinnata X X X X X X 4,7
Polydora fgni X X X X X X 7.88
Polygordiug p. X X 10
Scolaplas faliosus X X X x X X 467
Streblaspio bermedicti X X X X X X X X 789
CRIUTSTACEA
Corophium locustre X X X a
Melita nitéda X x X X X 57,8
ECHINODERMATA
Micropholis atve X X X X 4]

*Refer to Table | for specilic reference information.

of most Mobile Bay habitats. For example, upper
Mobile Bay and tidal streams are not well described
and may be abundandy populated by species not
designated in Table 2. Dominance may change sea-
sonally in these habitats as well as near the mouth
of Mobile Bay. Data being obtained at the Mobil
Oil test well site will give a good indication of
such shifts in community structure for the lower
Bay. Similar data are needed for the upper Bay.

RECOMMENDATIONS

It is clear that more comprehensive benthic
habitat analysis is necessary for most of Mobile
Bay and Mississippi Sound. Only two areas - the
Theodore Ship Channel Project site and the Mobil
01l test well site - have been studied to the extent
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that environmental quality can be determined ac-
curately. Studies of D’Olive Bay, Garrows Bend,
and the Gulf Intracoastal Waterway have fumished
good data, but have omitted either seasonal or
chemical aspects of habitat quality.

The principal recommendations of this review
are as follows:

Define seascnal geographical distributions
of benthic organisms, sediments, and chem-
ical contaminants throughout the estuary,
with particular emphasis on arcas most
likely to be effected by development, pol-
lution or both;

1.

2. Define the trophic relationships between
benthic organisms and both primary pro-
ducers and predators;

3. Define pathways of chemical assimilation

and bicaccumulation in the estuary;



4. Derive an index of habitat quality based on
the benthos throughout th{: estuary, in
order to manage natural hi?b-ltat resources
in terms of relative producuwvty, ccological
sensitivity to change, aesthetic values, and
recrcation;

3. Obtain estimates of the monetary values of
estuarine benthic habitats for use as a man-
agement ool in comparing long-range
cconomic impacts ol coastal development;

6, lincourage the use of standard‘lzed, com-
patible methodologies for benthic sampling
and analysis,
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PANEL DISCUSSION - MODERATOR, DR. JIM JONES, DIRECTOR, MISSISSIPPI-ALABAMA
SEA GRANT CONSORTIUM

MEMBERS

Dr. John Borom, Faulkner State College
Ms. Linda Shipp, University of Alabama
Dr. Judy Stout, Marine Environmenial Science

Consortium

Dr. Barry Vittor, Vitter and Associates

J. JONES: We have been exposed to a great deal
of 'information this afternoon. On this last session
we have been very fortunate to have four of the
primary experts on Mobile Bay fauna here today.
If you have some questions either address them to
the panel as a group or to an individual on the
pancl.

MYRT JONES: judy, you mentioned that there
should be some marsh designated for setting aside.
Do you think you might delincate those areas.
Barry, you mentioned that you found large com-
maunities of benthos in communities around the
Mobil Oil rigs. You mentioned because of the high
salinity, and then you stated in April they decreased
somewhat. I was wondering why.

STOUT: Myrt, I didn’t have any particular areas
designated for preservation. I could mention a few
that I would pick if you would like me to do that.
I had in mind that in lieu of the recommendation
that we try to prohibit any alteration (recognizing
there will be critical needs which will require that
there be some alteration), we designate some areas
in which even these critical needs do not supersede
preservation. The marshlands on Fort Morgan Pen-
insula and Little Point Clear are among the least
disturbed in the state, if not the least disturbed.
They are also rather unique both geologically and
in terms of the vegetation and fauna that are there.
I would lock at this area first because of various
unique features about it. Portions of the Mobile
Delta need consideration, for various reasons, and
these may be for educational purposes of research
purposes, preservation of endangered species, etc.

MYRT JONES: I was hoping you might mention
Little Dauphin Island.
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STOUT: 1 would not put it on the top of my list,
primarily because it has alrecady received quite a
bit of alteration, and I would hope to preserve first
those areas that are in their nearest natural state.
I certainly think it is worthy of consideration,

though.

BARRY VITTOR: Myrt, one thing that we have
attempted to resolve in our Mobil Oil study but
don't have all the data yet to do so is why we have
observed such high specics richness. For example,
polychaetes are particularly rich in the vicinity of
the well site during the summer and fall and through
January. Theoretically, we would expect a very
high recruitment of marine forms such as those oc-
curring in the Gulf of Mexico during the summer,
late summer especially, and in fall as a result of the
sustained high salinity compared to fresh to brack-
ish conditions which probably apply right now.
This was the case; we found polychaetc species
that we have never seen anywhere else but in the
open Gulf of Mexico, and yet these forms are not
turning up again now apparently because of high
rainfall and reduced salinities. It is what we would
expect just based on intuition if nothing else.

TATUM: jJudy, you said two thousand acres are
marsh that have been created. Is this salt marsh,
fresh marsh, or brackish marsh or a combination
of the three, and is it included in the total pumber
of acres of marshes that we have in Alabama?

STOUT: Yes, to the last one. It is included in the
total number of acres. Most of them are fresh to
fresh brackish. Things like {illing in around Pinto
Island, McDuffie Island, the margins of these places,
Battleship Parkway, come to mind right away.
There will be some brackish marsh creation in the




Theodore Ship Channel. 1 went ahead and included
that because 1t appears to be imminent. Tho§e are
some cxamples. Most of it is fresh to brackish or

resh brackish.

MARK THOMPSON: But in all cases it’s filling of
shallow water habitat?

STOUT: All of it that T included was. This was
just stuff I was able 1o document. And that is be-
cause most of it is large project resultant. We do

have records of this.

VERDA IIORNE: The pancl has identified some
arcas that are really critical and they might be at-
tacked by a completely different mechanism than
some of the others that I think have a lot going
for them. I'm talking about arcas which, though
they may be fairly small, could be saved because of
a varicty of reasons in cach case. Endangered spe-
cies, eriticad habitat, wetlands, spill and the like,
There are some of those arcas, particularly the Fort
Morgan Peninsula, where the historical community,
1 think, huas not been involved und should be be-
cause some of those arcas could be saved not only
for ecological reasons but also for historical reasons.
The Jaws exist but often the people don't know
about them. They don't know that they are more
than histoerical and don’t know that they are en-
dangered. Do you have an idea about how you go
about implementing that kind of coordination?
How do you involve numbers of people? Here we
are ceologists or biologists. What do you do to get
prople who are interested in historical areas and
don't know that they are important ecologically,
How do you get people who are interested in cn-
kagered species to begin looking at the other
reasons by which they could be saved?

BOROM:  Ms, Tlorne, 1 think there are probably
several ways to do this. | think one primary thing
wauld he 1o educate the public as to the ecologi-
vl importance and the significance of various areas
along the coast,

VERDA HHORNE: How can you do it?

BOROM: 1 think maybe by a series of seminars,
possibly funded by the Coastal Area Board or
someone else. We ean reach the people through
workshops and  seminars and let them become
aware of what these arcas are, where they are and
why they are important and why they should be
sived. I think primarily it’s just a lack of knowledge
among the general population, and I think that a
weries of workshops would be most helpful in doing
something like this.
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J. JONES: The meeting here this aftcrnogn is a
step in that direction and certamly the variety of
response that we have had to this meeting aj’}d thc
variety of individuals that have been attending it,
indicate 2 somewhat more than casual interst in the
topic. | was delighted that we have around 100 or
more who have signed on the register, and 1 was
hoping in my wildest dreams for about half of this
at this meeting. [t’s very encouraging, and [ believe
that there arc opportunitics to acquaint the public
on both sides of this issue and that the open forum
aspect of this type of thing is onc of the most
beneficial to air all sides ol questions such as this
where you have the importance of the preservation,
cnhancement on the one hand, and the require-
ment for continued growth and economic well-being
on the vther. This is one of the types of forums
that 1 think is very good, and the Coastal Area
Board certainly 15 very logical a choice for a con-
tinuation of this type of thing,

BARRY VITTOR: Myrt, let me go another step
in that direction and use a very messy example—
mud on the bottom. That is not a very romantic
place to be, and it’s also not particularly visible ex.
cept at low tide. It's hard to encourage people to
save mud bottom without having some real attach-
ment to it. You aren't finding a lot of people who
are establishing endangered species in benthos, for
example. At the same time, more seriously, and
more to the point, we have not successfully dem-
onsirated the productivity of the bottom even in
Mabile Bay/Mississippi Sound. Therefore, we can’t
rely on that critical piece of information to justify
retaining the bottom that we have. Judy made a
good point on this a little earlier conceming the
relative valuc of salt marshes. Is it better to create
marginal salt marsh on 4 good bay bottom or is it
better to leave bay bottom the way it is? Thatis a
very important point, but we don’t have any in-
formation with which to make that decision.

J. JONES: Our developing Sca Grant Program is
addressing preciscly these aspects of the problem,
It will take us about two more years before we
start to get definitive answers and those answers
will be first to come in from Mississippi Sound,
where we initiated that part of the program, and
will be moving more directly into Mobile Bay
about a year from now. But this is long-term, and
while we’re finding out the answers the pace con-
tinues or increases for disruption and destruction,
so we need to move rapidly. Someone this after-
noon said he wished that his Indian forefathers
would have kept notes, so we could have some




idea of what was natural then, I wish we had begun
10 years ago with some of this work in an organized
fashion where the methods are compatible, the
samples arc comparable. We missed a fantastic op-
portunity in this country with the Burcau of Land
Management program. They didn’t standardize.
We had a tremendous chance at one time of having
a standardization of all these various programs in
the various parts of the shelf around the country,
They didn't do that, so we have these 1solated
studies that arc very difficult to compare one to
the other, The situation is morc or less similar here
in Mississippi Sound/Mobile Bay, where you have
a number of investigatorsand a number of different
programs ongoing and a number of agencies doing
programs, some of them overlapping, some of them
not; some of them almost identical. The coordina-
tion for this is something that is very difficult to
achieve because there is no obligation to coordin-
ate or to cooperate. So you get a going their own
way sort of thing much of the time. We are trying
to fill that role 10 some degree, but it is an impos-
sible role to fill. Since you can’t obligate anyone to
coopcerate, you can only do it with the little bit of
moncy that we have and cajoling threats do not do
any good. So we have found ourselves locked into
the system and trying to make the best of it,

I want to congratulate the audience on their ten-
acity, their interest. I am very pleased that |
thought that when it got to be 5:20, surely we
would be speaking to about four or five of you in-
stead of a room [ull.

GEORGE ALLEN: | have a question to anybody
on the panel, probably Barry Vittor will be the one
to answer it. Has there been any type of general re-
scarch donc on Mobile Bay to determine the pro-
per percentage of open water as opposed to marsh
and to maintain the highest productivity that we
think we can get in the area. This is a very basic
question. Are we building too many marshes or are
we building enough?

BARRY VITTOR: I can answer that very simply
and say no to your immediate question. No, we
don’t have a master plan {or establishing marsh,
and we certainly don’t have the data, as | indicated
to Ms. Horne's question a minute ago. But, George,
that is the kind of input that is still required and
some ideas of relative value of these to the ecosys-
tems, They certainly interface, This has all been
pointed out by Judy and Linda and John. I think
that needs to be resolved and at the same time,
emotionally, I don’t think too many people are
going to argue that we have too much salt marsh
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and brackish marsh, but again,

: that is a tough one,
If you come up with a goud p ;

rogram, let’s do i,

ANONYMOUS: Yoy said
are being destroyed, 1ow

take to replant that and
standards,

22% of the marshlands
long do you think it will
nt get it back up to our
OT IS 1t even passible in our generation?

STOUT: 1 recommended that we try to restore
some of the area that has been destroyed by spoil
disposal. Most of it cannot be restored to the type
of marsh it was prior to deposition because of
changes in elevation, type of flooding, etc., but it
could be restored 10 a productive marsh situation,
Other areas are lost, When you dig a canal through
it 8 fect deep, it is going to be awhile befure it be.
comes anywhere near natural, [ don’t think yvou'l]
find anybody to give you the money to fill it back
up again, so some of it is totally lost, In terms of
revegetating or creating new marsh lands, 1 think
with the spoil disposal needs we have, it’s a pos-
sibility, but the use of spoil in estuaries is now kind
of a2 “no-no.” They are looking more toward open
water disposal, and higher elevations, such as the
Theodore Island, which won’t support much marsh
land. It will have marsh along the northwestern
fringe of it. S0, I don’t see much of a way to re-
place all of what we have lost. Along the lines of
George’s question, I dan’t know what 22% of the
previously existing marsh lands being lost means,
I don’t know that that’s good or bad, and then
there is also the question of which is better, marsh
lands or bottomlands or marsh lands or swamps,
We don’t have the information,

BILL TRIMBLE: Judy said we don’t have the in-
formation to know. I'm with the Alabama Marine
Resource Pivision; we don’t even have the equip-
ment or the money to find out these answers. I
wonder if the people from the universities feel that
they have the funds to address these problems. We
saw some very large ships at sea. Some people here
might think that we run around in these big ships,
and we have these wonderful budgets. Perhaps, we
ought to clear this up.

J- JONES: [ might take a stab at some of this,
since I have been on both sides of the issue. The
opportunities for funding this kind of research
through academia are increasing. That is the most
hopeful thing I can say. The amounts of dollars
that we are getting are severely limited. When I say
we, I am talking about programs like NSF and Sea
Grant, Bureau of Land Management, whatever. We
try to get the maximum amount of information for
the dollar, but except for the NSF programs, in




general, the programs are very specific go, a certain
topic, subject or after a particulur kind o1 answer,
Application, generally, is highly IMpOrtant for
most of the agency studies other than those (hat
would be NSF which are more classtcally reseqren
ariented in general, The kinds of cvaluations thise
we are discussing here this aflternoon are Cxpensive,
time consuming, both from the standpaint of
people time and collecting time. Thay is, once the
samples are in and on a shel!, You usually huy e
some years before these samples are analyzed, Thig
requires teams of experts and you haye 6 do
things that arc interdisciplinary. We need 1o break
down the classical barders between (he various
disciplines. Some places this has been dunce. Some
places they exist very strongly so that u muly.
talent approach to these kinds of questions is the
only way that the answers will come, You need
bring in sociologists and economists as well as the
hard scientists, so it gets to be quite a massjye
undertaking. That is not 10 say that we aren’t try-
ing or it isn't being undertaken, because it s, [ we
were to be allowed our wishces, I would Ruess that
if we could increase our funding in these areas by
about 10 times, we could probably spend it very
wisely and very well. We have the talent pools
available and the universitics continue 10 turn out
top rate people, There are excellent rescarchers
available in the twostate urea, Mississippt and Ala-
bama. The difficulty is in finding the dollars to
fund these rescarchers and 1o interest them in
doing the particular kinds of rescarch that we are
talking about here. This 1s 4 haseline, benchmark,
whatever you wish to call it. 11 is not VOry exciting
readly. You go out and collect, measure, count and
then tabulate, and on the basis of these various
detivities you come up with something that you
say, at this moment, s what the norm was and
then you try 1o meerpret frony that by various
kinds o deviees, such as the mathematical modely
you heard tdked about carlier this aftemoon, You
utilize data 1o prove or disprove certain things and
then you wait awhile and do the whole thing all
over agam and say “Aha'™ Yon have u change.
What does the change mean? Ustadly vou can't tell
what the change means, e naturil vanations are
there, the perturbations ol man. All of these things
get tied up info this, and as a result vou end up
soimg around in this endiess circle. We huve fowr
vears of data, I believe ong of BLM, or four yvears
al effort which will probably be 15 years of data,
These are HOINE [0 provide smine answers, and they
are J1ot gomg to happen tast, The difliculty 15 that
once the study iy completed, that is, the samples
huve heen collected, und the repourts have been
made, at that point, there tsi't usually additionai
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MORCY 0 continue the sample analysis or 1o con-
linie the work, and the investigators are off on
another poject because they need to put hrcat# on
the table and have 4 roof over their head, So it 1s
a4 whole varicty. I don't want toohe Mippant about
this at Wl ey duse it 15 a major prohlem, o difficult
probleni 1 wish there were an easy answer. There
T RO AN Just keep doing the things that scem right
and good and cventually we will have the answers.
}hirmly believe in that,

MYRT JONES: Judy, we are off again on the re-
clumation ol wetland. | rom yvour estimation, is the
Fowl River marsh that wan dying from the spanl
reclaimaile?

STOUT: Are you talking about the one at the
maouth of the river or west of the bridge?

MYRT JONES: The mouth of the river.

STOUT: Not as muansh lind, 1 don't think, Tis
clevation is ton high.

MYRT JONES: Would you thunk it would be
proper 1o redike it and respoil it since 1t hasn’t
stuyed there hefore?

STOLUT:
location,

} wouldn't think so, not because of s
1]

MYRT JONES: Yau do think it would return
back to Tairly normal, usable marsh garea?

STOUT: 1 think you are using two  different
things, You say reclaim and retusn, { think if gt
were lelt alone in tine it wild return, naturally
over atot longer period of time than vou are think-
mg ol 1 think it would be difficult (o reclaim with
man’s effors,

MYRT JONES:

more?

What about breaching the dikes

STOUT:  That would probably help it, make it RO
taster. But look at the area thad's west of the
bridge, which you may not be (amiliar with, he-
cause you just about have to be in 4 boat ro see i1,
That's what the closer shot was | showed. The
dikes are practically nonexisten: around that areg
now. It was not spoiled to as high clevation, was
not spoiled for as long, and the grass and scuff is
starting ¢ come back in that area now. So this is
probably what would happen there at the mouth,
but 1 think it would be slower because of the
greater alterations,




SCHHROEDER: Let me say something rclative to
that whole problem, Myrt. If you break the dikes
and you let the material run out and it gans an
elevation that the marsh can return on you have
now filled Fowl River back in. Now where is the
material going to when they dredge it back out so
the shrimp boats and the pleasure boats can get in
and out of Fowl River? There is a real problem
with open water disposal, not just in the temporary
depressions or shoaling it may make but the
economics of having it go right back in the ditch
you just plowed up only to have to use tax money
to redo it. So when you get into the problem, it’s
a dangerous one. Here you want to reclaim some
marsh, and 1 think that's a very valid end point to
try to reach, but in the process of doing that you
are going to have to lower the elevation which
means the material there has got to go somewhere.
They are not going to pick it up in dump trucks
and take it to Prichard. It’s going to go back into
Fowl River. 1 probably shouldn’t have said that,
how about Idaho? Red River for dikes? You have
to understand the problem here you are going to
get into when you start talking about what we do
with existing spoil areas. It’s a toughie.

ANONYMOUS: Dr. Schroeder, what are they
doing with the spoil from the Theodore [ndustrial
Channel?

SCITROEDER: The new channel will go upland,
everything under the detour bridge and the re-
mainder of it will go into the spoil island. Where-
ever they start, that will be the diked material and
everything will be pumped within the dikes to
form the island. There are probably pcople in the
Corps that could answer that a little more exactly
than I can.

ANONYMOUS: What is the feasibility of taking
some of this spoil and planting it and making it
marsh estuaries?

SCHROEDER: That isn’t the question for me to
answer, except that I have always suggested that
we raise kudzu on it and somehow convert that
into something to run our cars on. Judy will have
to answer the question on the marsh. As she points
out, as soon as you gain elevation, you lose the op-
portunity to do a marsh. A marsh must have a tidal
exchange. You get away from the water; you get
away from the marsh. If you look at the pictures
the Corps drew, we are going to have grass and oak
trees out there, and a place to picnic.
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STOUT: There are plans along the northeast side
to stabilize (I don’t recall offhand the number of
acres) one side of the triangular-shaped island with
marsh grass, Sparting alterniflora and jJuncus
roemerianus. It's only a few acres. We have to be
careful not to get carried away with rebuilding and
reclaiming and all this. I mean, we could fill the
bay up and make a marsh out of it, but I'm not
sure what we would have then, either,

SCHROEDER: Give nature enough time and it's
going to be a big marsh. That’s only natural. So,
we can't lose track of the fact that some of the
processes going on here are Mother Nature and
we've got to learn a little about that so we don’t
get too far afoot. That delta sorneday is going to
be at Main Pass. Giving nature its own way, the
estuary is going to fill, so let’s not forget that.

WILHELMINA NONKES: Dr. Schroeder, will the
Bay eventually itself fill down to the Gulf?

SCHROEDER: Pecople call Mobie estuary a
drowned river valley. I call the Mobile estuary a
combination of the drowned river valley and a bar
build. I believe because of the barrier islands we
are never going to see a major delta system built
from this particular river system as we sce in the
Mississippi and elsewhere. There is another ex-
ample—the Columbia River does not have a major
delta system building outward for two reasons;
high cnergy wave action impacting on it and 2
great big bar that creates some interesting problems.
So, I don’t mean to get away from what you are
implying. Yes, something else is certainly going to
happen offshore. But, I don’t believe it’s going to
be another bay. It’s going to be something rather
unusual. 1 defer to the geologists to what exactly
may happen. The high energy waves and natural
island system there are going to prevent some
course of events that we might try to predict using
other systems as an cxample.
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ABSTRACT

The Mobile Delta includes an area of approxi-
mately 12,150 hectares (30,000 acres) of water. At
least 115 species of fish have been reported from
the Mobile Delta. Five species of fish occurring in
the delta have been given a special conservation
designation because of modifications to their habi-
tat.

The naturally crowded condition of the large-
mouth bass population results in a small average
size harvested by fishermen. The projected 1980
harvest of fish from the Mobile Delta by sport
fishermen is 12.5 kgfha (11.1 poundsfacre). Of
this estimated harvest, 9.2 kg/ha (8.2 pounds/
acre) will be game fish, 2.1 kg/ha (1.8 pounds/
acre) will be marine fish,and 1.2 kg/ha (1.1 pounds/
acre) will be freshwater non-game fish,

There are no indications that the fisheries re-
sources are being overexploited. Data on the pre-
sent harvest of fish from the Mobile Delta by
sport needed to plan long-rangec management goals.

Pollution, habitat destruction and alteration,
and infestations of exotic aquatic plants pose
potential threats to the fisheries resource and its
utilization.

INTRODUCTION

The Mobile Delta is an extremely valuable re-
source to the State of Alabama. The area described
herein as the Mobile Delta includes the waters from
the confluence of the Alabama and Tombigbee
Rivers southward to the Interstate 10 and U.S,
Highway 90 crossing of upper Mobile Bay. The
Mobile Delta contains approximately 12,150 ha
(30,000 acres) of water. The watershed of this
river basin is 112,820 km? (43,560 square miles}
and includes portions of Mississippi and Georgia
as well as a major portion of Alabama.

The Mobile Delta is subject to tidal influence
and salt water intrusion. The waters of the Delta
are fertile and support a high standing crop of fish.

Fish species from at least 26 families are known
to occur in the Mobile Delia. In addition to fresh-
water fish, some marine species inhabit the lower
delta where there is often a measurable degree of
salinity. Many species of fish and invertebrates are
dependent on the delta at some time during their
life history,

The primary use of the fisheries resources of
the Mobile Delia is recreational fishing. A good
commercial fishery for catfish, buffalo and other
commercial species is also supported by delta waters,

There are circumstances which are likely to
place increased stress on the aquatic habitat of the
Mobile Delta. These are the completion of the Ten-
nessee-Tombigbee Waterway and its stimulus on
additional industrialization, the expected oil ex-
ploration in the vicinity of the delta, and acceler-
ated urban development resulting from projected
population growth, These activities, individually or
in combination, have the potential for adversely
impacting fisheries resources of the delta by pol-
lution, siltation, and habitat destruction or altera-
tion.

FISH FAUNA OF THE MOBILE DELTA

The species composition of the fish inhabiting
the Mobile Delta has been investigated by a num-
ber of workers. Smith-Vaniz (1968), Swingle and
Bland (1974), and Swingle (1975) have compiled
the most current and comprehensive lists of fish
species occurring in the Mobile Delta. A listing of
species found in the delta is presented in Table 1.

Five species of fish in the delta have been clas-
sified as endangered, threatened, or of special con-
cern (Ramsey 1976). These species are the Alabama
shovelnose sturgeon Scephirhynchus sp. {endan-
gered), Atlantic sturgeon Acipenser oxyrhynchus
{threatened), blue sucker Cycleptus elongatus
(threatened), crystal darter Ammocrypta asprelia
(threatened), and the freckled darter Percina lents-
cula (threatened).

These species have been given their special con-
servation status because of various modifications
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Table 1. Common and scientific names of fishes found in the Mobile Delta.

Family
(ommon hame

Scientific name

Peiromyzontidac

Southern brook lamprey
Lrist brook lamprey

Acipenseridac
Atlantic sturgeon

Shovelnose sturgeon

Polyodontidae
Paddlelish
Lepisasteidae
Spotted gar
Longnose gar
Alligatar gar
Amnidac
Bowlin
Anguillidae
American ecl
Clupreidae
Adatuama shad
Skippack herring
Gizzard shad
Threadfin shad
Gull menhadey
Engrandidae
Striped anchovy
Bay mchiny
Hindontidae
Mooneye
Fovonn itk
Redfin pickere]
Chain pickerel
Cyprinidae
Common carp
Cypress minnow
Silvery minnow
Siheraw minnow
Speckled chub

Nilver chuby
Galden shiner

FEmerald shiner
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Ichthyomyzon gagei
Lampetra acpyptera

Acipenser oxyrhynchus
Scaphirhynchus platorynchus

Polyodon spathula

Lepisosteus oculatus
Lepisosteus vsseus
Leptsosteus spatula

Armua calva
Anguilla rostrata

Alvsa alabamae

Alosa chrysochloris
Dorosoma cepedianum
Dorosoma petenense
Brevoortia patronus

Anchoa hepsetus
Anchoa mitchill

Hiodon tergisus

Esox americanus
Esox niger

Cyprinus carpio
Hybognathus hayi
Hybognathus nuchalys
Ericymba buccatg
Hybopsis aestivalis
Hybopsis storeriana

Notemigonus crysoleucas

Noptropis atherinoides

-



Table 1. Continued

Family

Common name

Scentific name

Fluvial shiner
Pugnose minnow
Ironcolor shiner
Sailfin shiner
Longnose shiner
Taillight shiner
Coastal shiner
Cherryfin shiner
Silverband shiner
Flagfin shiner
Weed shiner
Blacktail shiner
Bullhead minnow
Creek chub
Catostomidae
Quillback
Highfin carpsucker
Blue sucker
Creek chubsucker
Lake chubsucker
Sharpfin chubsucker
Smallmouth buffalo
Spotted sucker
Blacktail redhorse
Golden redhorse
Ictaluridae
Blue catfish
Channel catfish
Yellow bullhead
Brown bullhead
Black madtom
Tadpole madtom
Speckled madtom
Freckled madtom
Flathead catfish

Aphredoderidae

Pirate perch
Belonidae

Atlantic needlefish
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Noptropsis edwardraneys
Noptropis emilige
Notropis chalvbaeus
Notropis hypselopterus
Notropis longirostris
Notropis maculatus
Notropis petersoni
Notropis rosetpinnis
Notropis shumards
Notropis signipinnis
Natropis texanus
Notropis venustus
Pimephales vigtlax
Semotilus atromaculatus

Carpiodes cyprinus
Carpiodes velifer
Cycleptus elongatus
Erimyzon oblongus
Enmyzon sucetta
Enmyzon tenuts
Ictiobus bubalus
Minytrema melonops
Moxostoma poectlurum
Moxostoma erythrurum

Ictalurus furcatus
Ictalurus punctatus
Ictalurus natalis
Ictalurus nebulosus
Noturus funebris
Noturus gyrinus
Noturus leptocanthus
Noturus nocturnus
Pylodictis olivaris

Aphredoderus sayanus

Strongylura manna



Table 1. Continued

Family
Common name

Scientific name

Cyprinodontidae
Shcepshead minnow
Golden topminnow
Marsh killifish
Blackstripe topminnow
Starhead topminnow
Blackspotted topminnow
Rainwater killifish

Poeciliidae
Mosquitofish
Sailfin molty

Atherimdae
Brook silverside
Tidewater silverside

Syngnathidac
Gulf pipefish

Pereichthyidae
White bass
Yellow bass
Striped bass

Centrarchidae
Rock bass
Flier
Bluespotted sunfish
Banded pygmy sunfish
Everglades pygmy sunfish
Warmouth
Leongear sunfish
Redear sunfish
Spoteed sunfish
Green sunfish
Orangespotted sunfish
Bluegill
Dollar sunfish
White crappic
Black crappie
Largemouth bass
Spoticd bass

Percidae

Crystal darter
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Cyprinodon variegatus
Fundulus chrysotus
Fundulus confluentus
Fundulus notatus
Fundulus nottl
Fundulus vlivaceus
Lucania parva

Gambuvia affints
Paccilia latipinng

Labidesthes sicculus
Menidia beryliing

Syngnathus scovelli

Morone chrysops
Morone mississippiensis
Morone saxatilts

Ambloplites rupestris
Centrarchus macropterus
Enneacanthus gloriosus
Elassoma zonatum
Elassoma everglader
Lepomis gulosus
Lepomis megalotis
Lepomis microlophus
Lepomis punctatus
Lepomis cyanellus
Lepomis humilis
Lepomis macrochirus
Lepomis margingtus
Pomoxis annularis
Pomoxis nigromaculatus
Micropterus sahmoides
Micropterus punctulatus

Ammocrypia asprella




Table 1. Continued

Family
Common name

Scientific name

Naked sand darter
Scaly sand darter
Logperch
Freckled darter
Blackbanded darter
Johnny darter
Cypress darter
Brown darter
Swamp darter
Gulf darter
Speckled darter
Banded darter
Yellow perch
Walleye
Sparidae
Sheepshead
Pinfish
Sciaenidae
Freshwater drum
Mugilidae
Striped mullet
Soleidae
Hogchocker

Ammorcrypta beant
Ammocrypta vivax
Percina caprodes
Percina lenticula
Percing mgrofasciata
Etheostoma nigrum
Etheostoma proeliare
Etheostoma edwin:
Etheostoma fusiforme
Etheostoma swatni
Etheostoma stigmaeum
Etheostoma zonale
Perca flavescens
Stizostedion vitreum

Archosargus probatocephalus
Lagodon rhomboides

Aplodinotus grunniens
Mugil cephalus

Trinectes maculatus

Erom Smith-vaniz (1968), Swingle and Bland (1974), Swingle (1975) and Shipp and Hemphill (1974).

which have occurred in their habitat. These modi-
fications include blocking of spawning migration
routes by dams, and alteration of main river chan-
nel habitats by impoundments, siltation, eutro-
phication and navigation.

More collection and study are needed to sub-
stantiate the status of these species and to make
judgments concemning possible protective measures.

SPORT FISHING

The Mobile Delia is the most frequently visited
sport fishing area in Southwest Alabama. The
natural fertility of the Mobile Delta has resuited in
a productive freshwater sport fishery. State record
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chain pickerel, bowfin, and alligator gar have been
caught from the Mobile Delta. Fish occurring in
the delta of interest to sport fishermen include
bluegill, redear sunfish, spotted sunfish, warmouth,
green sunfish, largemouth bass, spotted bass, black
crappie, white crappie, yellow bass, striped bass,
chain pickerel, channel catfish, blue catfish, flat-
head catfish, aligator gar, bowfin and mullet. In ad-
dition to these freshwater species, some marine
species including spotted seatrout, red drum, and
flounder enter the tivers in the fall when salinity is
elevated and contribute to the sport fishery of the
Mobile Delta.

A creel census conducted in 1964 (Swingle et
al. 1966) indicated that 50,950 kg (112,325
pounds) of fish were harvested from the deita by




sport fishermen making 3.95 fishermen trips/ha
(1.6 tripsfa) during the period of July 1, 1963 to
June 30, 1964, Az the 1980 projected fishing pres-
surc of 12.3 trips/ha {5 tripsfacre) {Auburn Univ.
1973), the harvest of fish by sport fishermen is
estimated to be 159,218 kg {351,016 pounds) or
12.5 kg/ha (11.1 poundsfacre} assuming that the
catch per unit of effort remains the same.

Largemouth Bass

The largemouth bass is one of the most popu-
lar sport fish in the Mobile Delta, The 1964 creel cen-
sus estimated that largemouth bass made up 19%
of the fish harvested by sport fishermen. A cove
rotenone sample taken 2.4 km (1.5 miles) north of
Battleship Parkway in 1969 produced 757 kg/ha
(676 poundsfacre) of fish, 118.4 kg (26! pounds)
of which were targemouth bass.?

Although production is high, the average size
of Mobile Delta largemouth bass is smaller than
bass from other fresh waters in Alubama. Swingle
et al. (19G6) reported that the average size of large-
motth bass harvested by sport fishermen in the
Mobile Delta was 295 g (0.65 pound). Bass of 2.3
kg (5 pounds) and larger are not caught as fre-
quently in the Delta as in non-coastal rivers and
impoundments.

Largemouth bass usually spawn heavily in the
delta. Suitable areas for spawning are increased be-
cause spawning coincides with annual spring flood-
g which results in Jowered salinity in the upper
biy. During the month of June, | have collected
up to 500 hass fingerlings by seining approximately
30 m {100 feet) of shoreline along Battleship Park-
way. Swingle and Bland (1974} found that afl age
groups of buss were present in the lower coastal
waters during winter and spring, but as the salimity
mereased in summer and fall only age.0 bass were
present. In May the one-year-old fish from the
lower delia moved into less saline waters which
contamed  an existing popalation of largemouth
buss. According to Swingle and Bland, this annuaj
consolidation of age-l fish into an cstablished
If)_a:ss population caused natural crowding of age-1

ish.

When population biomass ratios of Swingle
{1950) are applied to available fish population
duta, a crowded predator population is indicated,
Bascd on the seine sampling, the biomass ratios
and the small average size of bass harvested from
the Mobile Delta, Swingle and Bland (1974} sug-

1
Annual Progress Reports on Fishery Rescarch Projects, 1970, Ala.

Dept. Conscrvation, Game and Fish Division. Montgomery, Ala-
barna. '
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gested that the largemouth bass population qf
the Mobile Delta is in a crowded condition. This
crowded bass condition results in numerous small
bass (Swingle 1956).

A study of largemouth bass in a Louisiana
coastal marsh (Manuel and Shireman 1972} indi-
cated that growth of lurgemouth buss was slower
in a coastal freshwater marsh than in other Loui-
siana watcrs, especially in the first 2 years of life.

Although the average size of bass in the Mobile
Delta is smaller than in other freshwaters of Ala-
bama, the abundant largemouth bass population is
attractive to bass fishermen. The current bass fish-
ing popularity has led to the formation of many
bass fishing clubs in the Mobilc-Baldwin County
arca. The Mobile Delta has been the site of several
national bass fishing tournaments. Sophisticated
cquipment and techniques and incrcased numbers
of bass fishermen have undoubtedly increased the
harvest of largemouth bass from the Mohile Delta,

The increased pressure on the largemouth bass
in the Mobile Delta has caused concemn among bass
fishermen that the fishery is in danger of overhar-
vest, Bass fishing groups frequently call for the im-
position of size limits, reduced creel limits, closing
of bass fishing during spawning season, stocking of
fingerling bass, and other measures to protect hass.

The creel census of 1964 estimated that the
harvest of largemouth bass from the Mobile Delta
was 0.74 kg/ha (0.66 pound/acre). This harvest was
realized at a fishing pressure of 3.95 fishermen
tripstha (1.6 tripsfacre). At the 1980 projected
fishing pressure, the estimated largemouth bass
harvest would be 2.4 kgfha (2.1 pounds/facre) as-
suming that the catch per trip of 0,19 kg/trip (0.42
pound/ftrip) from the 1964 creel census remains
the same. Considering the high standing crop of
largemouth bass in the Mobile Delta, a harvest rate
of 2.4 kg/ha (2.1 puunds/acre] could not be con-
sidered overcxploration. According to Swingle’s
{1950) principles of fish population dynamics, an
increase in bass harvest would cause an increase
in the average size bass in the delta,

Fisheries biologists of the Game and Fish Divi-
sion conduct annual bass reproduction checks in
the Mobile Delta and numerous routine surveys of
the largemouth bass population. Based on the avail-
able information on the bass production, harvest
rate, and field observations, fisheries biologists of
the Game and Fish Division do not feel that the
bass population of the Mobile Delta is in danger of
being overexploited, and do not recommend that
new restrictions be placed on bass fishing at this
tme as a management technique.

At the present time, the only way that the
quality of the largemouth bass fishery in the Mobile




Delta might be enhanced would be to increase the
average size of bass or to increase the probability
of an angler catching a trophy largemouth bass.
With that goal in mind, the Game and Fish Division,
through a cooperative program with bass fishing
ciubs, has provided Florida largemouth bass fin-
gerlings Micropterus salmoides floridanus for re.
lease in the Mobile Delta. A wtal of 460 tagged
and 519 un-tagged Florida bass advanced fingerlings
have been stocked in the delta under this program.
Florida bass have also gained access to the Delta
via escape over the spiliway of Washington County
Public Fishing Lake which empties into a tributary
of the Tombigbee River. The Florida bass can attain
larger sizes than the native northern subspecies M.
5. salmotdes {Bottroff and Lembeck, 1978}, and
hybrids which will resuft from the introduction
have the potential to grow faster and attain larger
sizes than the northern bass (Addison and Spencer
1972, Bottroff and Lembeck 1978).

“Braam’’ and Crappie

In the 1964 creel census, “bream’” made up
45 4% of the harvest by sport fishermen in the delta.
These fish consisted primarily of redear sunfish and
bluegill but also included rock bass, spotted sun-
fish, longear sunfish, green sunfish, and warmouth.
Swingle et al. (1966) estimated that the “‘bream”
harvest was 1.8 kg/ha (1.6 poundsfacre) in 1964,
At the 1980 projected fishing pressure of 12.3
tripsfha (5 tripsfacre) the harvest rate will be 5.7
kg/ha (5.0 pounds/acre) assuming that the catch
per unit effort remains the same.

Black and white crappic made up 8.7% of the
game-fish harvest in 1964, Crappie are more
abundant in the deeper lakes of the middle and
upper delta while ‘‘bream” are abundan't in the
shallow bays of the lower delta as well, The pro-
jected harvest of crappic in 1980 is 1.12 kg/ha
{1.0 pound/acre) as compared to 0.35 kg/ha (0.31
pound/acre) in 1964.

Striped Bass

Striped bass once occurred commonly in waters
of the Mobile Delta. Only a vestige of the native
striped bass population remains, howevef, because
of impoundments which block spawning areas,
poliution, and other factors. An anadromous fish,
the striped bass spawns in flowing freshwater and
spends part of its life in salt or brackish water. The

striped bass is a very good sport fish because it at-
tains a large size and can be taken on live bait or
artificial lures. The state record for this species is
25 kg (55 pounds).

An intensive stocking program of the Alabama
Department of Conservation and Natural Resources
and Aubum University has re.established a sport
fishery for striped bass. Since 1967 the Marine Re-
sources Division has stocked 2,032,936 striped bass
fingerlings into the coastal waters of the deita, Au-
burn University Department of Fisheries and Allied
Aquacultures has stocked 45,557 fingerlings, and
the Game and Fish Division has stocked 574,010
fingerlings into fresh waters which drain into the
delta, Many of the fish stocked upriver wili enter
the Mobile Declta. Under current environmental
conditions in the Delta, the striped bass is not ex-
pected to spawn naturally. Therefore, a continuing
stocking program will be required to maintain the
now popular sport fishery.

Alligator Gar

The largest fish inhabiting the Mobile Delta is
the alligator gar, with the possible cxception ol the
Atlantic sturgeon which has a threatcned status.
These primitive fish are abundant especially in the
mouths of rivers where they serve as both a preda-
tor and scavenger. Although the alligator gar is not
a traditional favorite among fishcrmen, it is gaining
in popularity because of its fighting ability and
large size.

Overview of Sport Fishing

Sport {ishermen harvested an estimated 246,202
game fish weighing 37,433 kg (82,526 pounds)
from the Mobile Deltain 1964 (Swingle et al. 1966).
This game-fish harvest which represents 73.5% of
the harvest by sport fishermen, is equivalent to 2.9
kg/ha (2.6 poundsfacre). The 1980 projected har-
vest of game fish from the delta is 9.2 kg/ha (8.2
poundsfacre).

Marine fish accounted for 16.6% of the 1964
harvest. These fish consisted of spotted scatrout,
silver scatrout, mullet, Atlantic croaker, spat, red
drum, sheepshead, flounder, sea ca}f;sh, apd
gafftopsail catfish. The catch of marine species
occurs only in the lower portions of the delta. The
projected 1980 harvest of marine species by sport
fishermen in the delta is 2.1 kg/ha (1.8 poundsf
acre).
Ten percent of the 1964 harvest by sport
fishermen in the Mobile Delta consisted of non-
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gamnc on commercial fish. Freshwater ca!flsha(lchant-
ncl, hlue flathead, and bullhead) corpprlscd mos
8.2% of the catch. In 1980, tl_lc cst:matet.:l harves2t
nf nongame specics by sport {ishermen will be 1,

kg/ha (1.1 poundsfacre), As a genr:ra} managemgnt
practice, the uulization of non-traditional species
by sport lishermen should be encouraged. This
practie reduces pressure on ll’at‘:llll(fna] game spe-
ceey and increases the total wtilization of the re-

»OUICr,

Commercisl Fishing

Current statisties on the freshwater commercial
Lishery of the Mabile Delta are not available. Com-
meroal fishing is conducted in the Mobile Delta as
a part-time and full-time enterprise, The primary
species sought by commercial fishermen are cat-
lishes {eannel and blue), freshwater drum, and
smallmonth bulfalo, using triunmel nets, gill nets,
hoop nets, slat boses, trot ines and snag Iines.

A saney ol commercial fishing conducted in
FHod (Spencer o1 al, 1946} indicated that 205
heensed commerciat fishermen fished jn the delta
aned larvested 274 827 kg {605,889 pounds) of
sk,

Data collested by Shipp and Hemphill (1974)
mdicated that commercial species were relatively
abundant in the lower Alubama River. Current ex.
plotation rates on the commercial fishery of the
Molule Iwlta are necessary for making manage-
menl deaions,

FACTORS AFFECTING FISHERIES
RESOURCES OF THE MOBILE DELTA

Poltution and Habitat Alteration
———2 NMieration

Many aotivities dssociated with the growth and
dexelipanent ol the Mobile +rea have had or poten.
tallv will have mpact on the dquatic resources of
the Mudbile Delry Reduction of habitar and altera.
ten ol habitat by physical and chemical means
are the two |y ways human activities can ad-
versedy aflect fisherjes resources (Swingle 1975)
Parts af the AMobile Delta have been affected ad:
versely by bath types of activities.

The Chickasaw Creek and Three Mile Creek

cause of tidal influence and poor flushing action,
fish kills have extended miles upstream of the dis-
charge points on Chickasaw Creek.

In 1971 the Alabuma Water Improvement
Commission adopted higher water quality standards
for public waters of Alabama. The number of re-
ported fish kills in the Chickasaw C_.reek « Three
Mile Creek arca as well as other public waters, has
declined. This reduction in fish kills is largely due
to stricter permits which limit the amounts (E)f
waste products which can be released into public
waters,

By-pass Canals

In a study of fish populations and habitat in
by-passed loops on the lower Alabama River, Shipp
and Hemphill (1974) found that there were sport
fishing benefits when meanders of the river were
straightened to 2id navigation. The reduction in
current in the by-passed loop created desirable hab.
itat such as submerged logs and brush tops where
fish concentrate, centrarchids were more abundant,

and the absence of barge traffic was desirable to

fishermen,

However, because of the reduced current, de-
position of suspended materials accelerated in the
by-passed loop and altered important habitat types
such as sand bars and flats. Siltation also can make
these areas less accessable 1o fishermen.

Shipp and Hemphill (1874) concluded that
canalization of loops in moderation is not detri-
mental to fish populations, and recommended that
flow be maintained in the loops to reduce siltation

and maintain the integrity of productive habitat
areas,

Exotic Aquatic V_eggt_ation

Infestations by exotic aquatic plants in the
Mobile Delta has not been a problem in recent
years. However, there is ope plant species in the
delta and another which has been found 105 km
(65 miles) upriver from the delta that may pose a
threat to fisheries resources,

Eurasian watermilfoil, Myriophylium spicetum,

M_obil_e Delta. In thc_TVA lakes Eurasian water-
) requiring con-
trol. In Lake Seminole (Georgia) Eur:?sian water-
mxlfqﬂ was not found ip 1967, but in 1968 ap-
PToximately 284 ha (700 acres) were infested, and




by 1977, 3,420 ha (8000 acres) of this 14,985-ha
(37,000-acres) reservoir were infested with Fura-
sian watermilfoil (telephone call March 30, 1979
from David R. Bayne, Auburn University, Auburn,
Al. 36830).

Eurasian watermilfoil can tolerate 33% sea
water strength, can grow in depths up to 5 m (16.4
feet), is tolerant of low temperature (Tarver et al,
1978), and grows in such dense stands that boat
traffic and fishing are impeded. Anderson (1972)
reported that this plant has been a pest in Chesa-
peake Bay, Eurasian watermilfoil should thus be
considered a potential threat to the resources of
the Mobile Delta and Bay.

Hydrilla verticillata, commonly called hydrilla
or Florida elodea, is considered to be the most
problematic aquatic plant (Tarver et al. 1978). This
submerged aquatic which originated in Africa, has
caused serious problems in Florida and other
southern states. Hydrilla has recently been found
in Coffeeville Reservoir on the Tombigbee River,
Just upriver of thc Mobile Delta. Hydrilla can tol-
erate a variety of water conditions including high
turbidity and moderate salinity and can grow from
the bottom in water over 15 m (49 fi) deep. Hy-
drilla is easily spread by fragmentation, tubers,
turions (winter buds), and vegetative buds. The
U.S. Army Corps of Engineers has begun a control
program for hydrilla in Coffeeville Reservoir, but
this pest will probably appear soon in the Mobile
Delta,

The proper agency should be prepared to deal
with nuisance infestations of Eurasian watermilfoil
and hydrilla. Exotic aquatic plants will be more
manageable if control begins early,

CONCLUSICN

The Mobile Delta is a valuable resource to Ala-
bama. Optimum utilization of the fisheries re-
sources of this aquatic system has probably not
been realized, Data on the present rate of exploita-
tion of fish in the delta are needed to plan long-
range management goals. This ecosystem may be
adversely affected by industrial and urban develop-
ment and infestations of exotic plants. The fisheries
resources of the Mobile Delta support an irreplace-
able recreational industry which produces thou-
sands of jobs within the region. Adequate con-
sideration of these valuable resources and aquatic
habitat must be included in planning the use of the
Mobile Delta,
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SUMMARY OF KMOWLEDGE OF FORAGE FISH SPECIES OF MOBILE BAY AND VICINITY

Pobert L. Shipp
University of South Alabama
Dauphin Island Sea Lab
Dauphin island, Alabama 36528

ABSTRACT

Forage fish species of Mobile Bayv are assigned
Lo one of three ecological categories: 1) nearshoref
marsh, 2} demersal estuarine, and 3} pelagic esta-
wrine, Dominant species of the nearshore/marsh
habitat are  livebearers  (Poceliidac), killifishes
(Cvprinedontidae) and silversides  {CHhermmdae),
The former two Tamibies contam hearty species, re-
sistant to contamimants, while the kawer family in-
cludes species exhibiting little yesistance. The de-
mersal estwarine species are dominated by drums
(Scieenidac), and Dle histony data are availuble, but
tolerances to contwmimants are not well document-
ed in the literature, The most mportant lorge
group is the pelagie estuarine, dominated by ancho-
vies (Engraulidac) and herrings ( Cleprerdae). Recent
studies citing the place in the Tood chain and di-
ctury preferences lor the bay anchovy dechon
mitcledli demonsirate its dependence on compo-
nents of zooplankton,

Relative abundance tables indicate thar where
comparative date are svailable, most northern Gulf
of Mexico estuares support similar forage fish
faunas, Information on carly life history is recog-
nized as the most eritical need for this group of
fishes, while information on species composition,
seasenadity, and ocewmrence freguency appears ace-
quate. However, indications of stress on the Bay
environmsent may be recognized by changes in
these parameters.

INTRCDUCTION AND SCOPE

This paper is intended to provide a summary of
ithe information available regarding the biology of
forage [ish species of Mobile Bay. Emphasis of the
discussion 1s directed towards those Tacets of their
life history hikely to be most affected by maodifica-
tion ol the Mobile Bay environment. Thus synop-
ses o works of species abundance, developmenial
stages, tolerances to environmental parameters,
etc., are stressed, and additional relerences cited.
Areas where informational gaps exist arc noted,
and paossible value of forage tish data in the overall
assessment of the Bav's well being is indicated.
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At some period in s life history, any individu-
al of abmost any Nish species cin be considered a
forage 1sh, that is one that is sought alter or uti-
hized as food. However, this report will consider as
{orage species those forms heavily preved upon
throughout thetr file evele, especially by important
commercial and sport species, Included are species
that may he tsken occasionally by sport fishermen,
but [or which no specitic {ishing ¢ltort is expend-
ed. Likewise, although nearly all species waken by
animal Tood and fish meal processors are utilized,
and thus can be constdered to have commercial im-
portance, maost of these species are incidental when
compared to more desivable forms, and also are
treated herein, Those Tish species of lower trophic
levels fregquently encountered i Mobile Bav, but
for which ne specific commercial or sportfishing
cffurt exists, are hsted in Table 1, A {ew lorms
such as Gult menhaden (Brevoort patronusy and
Atluntic croaker (Micropogonies undiluins) are ine
cluded in the table and discussion becuse, although
componcnts of a well-recopnized commercial effort,
they are also an miportant element i the forage
lish population, Excluded arve all predomimantly
Ireshwater forms such as speoies of the genus No-
tropis, which vccasionally may venture or be car-
ricd uta the brackish habiac Inclusion ol species
mn Tahle Tishased on ocourrences noted i previos
studies of Mobile Bay fe.g., Boscliung 19537, Swingle
aind Bland P94 Shipp 1979) 0 adjacent Mississippi
Sound e, Franks §970, Pranks ¢ al, 1972, and
esprotally Chyisomas wnd Walle: 1T973), and other

coon aall Coast ostoaries oo, Foro 1975, Og-
1977, Naushton and Soloman

snoand Brousher

1978).

ECOLOGICAL ROLE OF FORAGE SPECIES

By delinnion, forage tish specics are preved
vnon by higher trophic level carnivores. However,
deiferent species obvioushy occupy dillerent trophic

Tevels and perform diverse ecological roles in estu-

arine systems such as Mobile Bay. To facihitate dis-
cussion of these roles, species treated herein are
subdivided into thice ecological categories based
on their primary zones ol occurrence, bach of



Tabie 1. Forage Fish Species Recorded from Mobile Bay. !

b{
OCCURRENCE® ~ FREQUENCY
SCIENTIFIC NAME (COMMON NAME)
Clupeidae (Heirings)
; Abundant
Breveoeti ;;.q.rrur.n‘\ {(;ull‘ menhaden p Occasional
Daraoma copedians "-!l-::'”:;rd s::::ii)) P Commion
n
Porasoma prienense (Threa i : P Occasional
Haryngreda jagunta (Scaked sardine)
Frigraulilae (A ne kinies)
Anchon hegoeti [Sriped anchovy) Comn:;m
by et bl VBay andchovy ) [ 4 Abundant
Moanloniidac (Lisardfishes)
Synodus fortens {Inshure hzaed fish) 3 Commuaon
Avpebae isea Catfiles}
Arropsi felis (Sea cattinh) D Abundant
Mt srgemn Healftapsail ¢ atfish) I3 Common
Ratrn hndilae Levaeltishies)
Cifrsaniny bera (Gnldt teralisly) D Common
Poricths s plectrondon Mulshipman) D Common
tiolueyos klae thingfishes)
frefrte iy vfrmoany IShillerfish) [ ¥ Common
Pasdy siennatar | “Hr.nlfin.\]
Polvdactylus ovtonemus UM Lamic Thyeadfin) D Cammoan
Gadichie (Candbhes)
frrophyven tHerrahunuy (Sovthern h.l.kl'} D Occasional

Soaryulae Hirune)

VMO are ngriy t5andl seatroat) D

Abundarnt
Y nosisen webindaug {Spetied seatrour) D Commaon
Mz dre e s himywerg (Salver perch) D Caotnmon
Pogomas Cramis (M) drum) (3] Occasional
Mot e amern anis {Ssuthern kingfigh) D Occasional
Sprraclae (Fargies)
Archosargus Prodbaiocephatus {Sheepshead) D Common
Lagiton Fheihosefe [P:nfigl\} N Common
L]
Fpdappudar tSpadeiishes)
f,‘haetudiprrm:fcbrr {Atlantic spadefish) 4 Common
o

I
Intiuides il wkteon of ccological oCcurrence and ﬁﬂpew:y
o ' D = demersy, N mmm,hpqu csTuR ring; f -
Rt mre madificd from Cilmoee et a), (1978), 45 tvailable from literature Fepoms and collections by Shipp (1979, b/ Occ;ls:::::lc : ?b:::—

el or callectet &0 arrepular ; ’
rlar lnlm‘; fommon = i i I
o aalle " , pecics observed or taken iR most to virtually alt collections: abundany = [} 1t SpECies



Table 1, Continuned

SCIENTIFIC NAME (COMMON NAME) OCCURRENCE FREQUENCY

Uranoscopidae {Stargazers)

Astroscopus y-graecum {Southern stargazer) D Occasional
Blenniidae
Hypsoblennius ionthas {Freckled bienny) b Cammon

Gobiidae (Gobics)

Gobionellus boleosoma (Darter goby) N Common

Gobioides broussonnetti (Violet goby) D Occasional

Gobionellus hastatus (Sharptail goby) N Common

Gobiosoma bosci (Naked goby} N Common

Microgobius guiosus (Clawn goby) N Occasional
Trichiuridae {Cutlassfishes)

Trichiurus leprurus (Atlantic cutlassfish) D Common
Stromateidae (Butterfishes}

Peprilus alepidotus (Harvestfish} P Common

Peprifus burt! (Gulf butterfish} P Comman
Triglidae (Sea robins}

Priono tus rubin (Blackfin searobin) D Common

Prionotus tribulus (Bighead searobin) D Common
Gerriedae (Mojarras)

Eucinostomus argenteus (Silver jenny) N Abundant
Belonidae (Needlefishes)

Strongylura marina ( Atlantic needlefish) P Common
Cyprinodontidae (Killifishes)

Adinia xenica (Diamond killifish) N Common

Cyprinodon variegatus (Sheepshead minnow}) N Abundant

Fundulus confluentus (Marsh killifish) N Common

Fundulus grandis (Guif killifish) N Comman

Fundulus jenkinsi (Saltwater topminnow) N Common

Fundulus simitis {Longnose killifish) N Abundant

Lucaniz parva (Rainwater killifish) N Comman
Poecilildae (Livebearers)

Gambusia affinis (Mosquitofish} N Abundant

Poecilia iatipimna {Sailfin mally} N Abundant
Atherinidac (Silversides)

Membras martinica {Rough silversides) N Occagional

Menidia beryllina (Tidewater silverside) N Abundant




Table 1. Continyed

: DCCURRENCE FREQUENCY
SCIENTIFIC NAME (COMMON NAME)
Mugilidae {Mullcts)
. . N Abundant
Mugil cephatus (Striped mulleq) i
. o N Occasional
Mugil curema {White mullet}
Syngnathidace (Pipelishes)
. . L N Occasional
Syngmathvs fouisignae {Chain pipcfish)
. o S N Common
Syngnathus seorelis (Gulf pipefish)
Carangidac {Jacks)
Chinroscombrus ¢ hrysuras (Atlantic bunper) P Common
N .
Cigupiites sawuries {Lcutherjacker) ! Common
] . -
Vomer setapinnis { Atlantic maoanfish) [ (]ccas?cmal
Kelene vamer {Lookdawn) y Occasional
Sciaenidae (Drmy
Mrerapogomiay wndufatuy (A Lantic Crizaher) D Abundant
fedostoniy xanthuny (Spor) D Abundant
Bothidae (Lelt-eyed flowmders)
Crthartchthys spifopteras (Bay whiff) D Common
Etropus crasietus (Fringed flounder) D Occasional
Moleutae (Soies)
Achurus tineatus (Lined sale) D Qccasional
fruvectes mavulatus (Hogehocker) D Abundant
Cvnoglosstdar (Tongurfishes)
Swngihurns plagisa (Black cheek tonguefish) b Common
Teteaodontidae (Puifers)
Sphorrandes parvus (Least puffer) D Common
odontidae {(P'oerupine fishes)
Chdomycterus schoepfi (Striped hurefish) D Oceasional

these Calegories s teated in terms of its physical
and chemical parameters as it may influence the -
cluded species, These are not mutually exclusive
(‘.‘ll('gm'il's. and seme u\'t'l'[ap may cxisl.

The three confogical categorics are:

1} Nearshore/Marsh habitat (N)
2} Demersal estuarine habitat (1))
3) Pelagic estuarine habitat (F)

All species listed in Table 1 are assigned to the
category judged to be their pnmary area of activity
during the late juvenile to adult phase of their life
history. These assignments were mude based on ex-
tensive personal observations as well a5 literature
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dita {e.g., Swingle and Bland 974, Ogren and
Brusher 1977, Naughton and Soloman 1978)

Nearshore/Marsh Zone

Physical propertics of the nearshore arca, in-
cluding salt marsh, beach, mud bottom, and inter-
mediate habitats are described elsewhere in this vol-
wme. Recent reports dealing with environmental
modification and degradation as they influence
nearshore biota, especially fishes, in the narth cen-
tral Gulf of Mexico include Bechtel and Copeland
{1970) for Galveston Bay, Fore (1975) for Escam-
bia Bay, and Livingston (1975) for Apalachicola
Bay. May (1973) reported on effects of dredging



in Mabile Bay, but accorded only tangential atten-
tion to fishes,

Livebearers {Poccilitdae), killifishes (Cyprino-
dontidac), and silversides {Atherinidae) dominate
the nearshore populations of forage fishes in Mo-
bile Bay. In addition, numerous species of other
families such as the mullets (Mugilidae), ladylishes
{Kloprdae), and mojarras (Gerrewdae), use the near-
shore areas as rcfuge during juvenile stages of their
life history. Life history studies for nearshore spe-
cies ol the northern Gulf region include Simpson
and Gunter (1956) for cyprinodontids, Hastings
and Yerger (1971) for the dismond killifish ((dina
xenica) and Relyea (1975) for killifish distribu-
tions. In addition the contribution of Franks {1970}
ont the fish populations of the inland freshwaters of
Horn Island, Mississippi are directly applicable to
many similar habitats in the vicinity ol lower Mo-
bile Bay. Hisdataindicate overwhelming dominance
of livebearers, killifishes and silversides in his study
areu. Franks (1970} and Christmas and Waller
(1973) list these species, including abundance data,
for the Mississippi Sound area, These and other
studies previously cited give indication of general
abundance, from which data in Tuble 1 were de:
rived. In addition, Naughton and Scloman (1978)
provided detailed data on abundance, seasonality,
and species composition of the St. Andrew Bay,
Florida estuary, also located along the Northern
Gulf. No table of comparative abundance is pro-
vided for nearshore/marsh zone fishes because
studics ol Mehile Bay were trawl oriented and bi-
ased against collections of these forms,

Of special interest is the response of nearshore/
marsh resident fish species 1o pesticide contamina-
tion. This area frequenily is subjected to direct ap-
plication of insecticides and larvicides for mosquito
control, The majority of permanently resident for-
age {ish specics in this region, the killifishes and
livebearers, contains species, such as the mosquito
lish {Gambusia affinis), which are voracious preda-
‘tors on mosquilo larvac. Fortunately, species of
both these families are frequently tolerant of chem-
ical introductions, For example, Cherry et al
{1975) demonstrated that Gambusia affinis survived
numerous clemental concentrations and high tem-
perature stress conditions which were lethal to
other fish species. In addition, Jolly et al. (1978)
showed this same spedies to be more tolerant than
other unrelated fish species when tested with con-
centrations of permethrin, a pesticide widely used
for insect control in the Southeast. Species in these
families are noted for their tolerances to wide fluc-
tuations in physical parameters {Simpson and Gun-
ter, 1956; Hastings and Yerger, 1971) and there
may be a physiological relationship between this

m

and their tolerance to some pesticides.

Numerous families (e.g., drums (Sciaenidae),
porgics (Sparidace), ladyfishes (Elopidae), and silver-
sides represented in the Mobile Bay nearshore areas
(Table 1), contain forms less able to tolerate poilu-
tion or other stressful environmental deterioration.
For example, Morgan and Prince (1977) worked
with chlonne toxicity to eggs and larvae of several
estuarine forms, including the tidewater silverside
(Menidw bervifing), an abundant Mobile Bay near-
shore species. Although comparative data were few,
indications wete ol a highly sensitive very carly de-
velopmental period of the eges, with 95% mortali-
ties resulting from about 0.5 mg/l residual chlorine
levels. His results indicated that eggs several days
old had sharply increased resistance.

Anather aspect of pollution in nearshore areas
is interlerence of traphic relationships due to be-
havioral moditication of alfected species. Mirex sig-
nificantly impeded escape  capabilities of grass
shrimp (Palacomonetes vulgaris), a widespread spe-
cies in nearshore arcas of Mobile Bay, in the pre-
sence ol the predatory pinfish (Lagodon rhom-
hotdesy (Tagate. 1976), while gulf killifish ( Fundulus
grandis) preyved more successfully on crustaccans
when the pesticide methyl parathion was present
{Farr 1978). Farr suggested such effccts in estuaries
could alter species composition and species diversi-
tv. Of spectal intevest in these studies is the in-
creased vulnerability of the crustacean species to
predation by fish species. Such effects on a broad
scale might drastically alter the present relutionship
between forage lish species and their prey in Mo-
bile 3uy, especially as it concerns juvenile commer-
cial shrimp.

Most predatory species entering the nearshore
areu are opportunistic carnivorces, and large enough
Lo capuure the forage species found there. Those
commercially 1mportant predatory species most
likely 10 be found in this zone of Mobile Bay are
southern  flounder  {(Paralichihys  lethostigma),
spotied sca trout {Cvnescion nebulosus), sand sca-
trout (Cvnoscion arenarius), and red drum (Sciae-
nops ocellatus).

Demersal Estuarine Zone

Mobile Bay is characterized by a2 mud bottom,
rich in nutrients and fine sediment, with few sand
or grassy areas. The fish populations of the demer-
sal estuarine zone are dominated therefore by forms
preferring such habitat. The bottom is subjected
also to wide daily and seasonal fluctuations of salin-
ity, temperature, and oxygen, primarily due to tid-



Al inrrasien of the salt wedge, and .'ipt}.Iil(“L" _high
fevels of runoff from regional pru:ipilutmn, lh('sc
paramcters are discussed m detal in other sections
ol this volume,

[ he forage lish species inhabiting the demersal
estuarine gegion are primanly detritus feeders and
Cenivorous scavengeers. Their distribution through-
ont the Bay system probably is hased on the bot-
tom haradleristics associated with food availabili-
ty, and [uctuations of the physical parameters
mentioned above, However, many of the species in-
cuded in Tabde Ty demersal species spawn oif-
showe duning well-defined spinening seasons {e.g.,
the peorgies) while others displav well-defined sea-
senal mosewsents through the estaary (e.g,, soles),
Therelote, seasonai distribution i the Bay is a
lune op o acertamn growth stanza,

P'elagic Jonns were not distinguished {from de-
mersal lamms i suneys of Misstssippi Sound
(Chisonas and Waller 1473), Maohile Bay {Swingle
amei Blaeel 3974), Apalichicola Bay (Livingston
1970) o 86 Andrew Bay (Ogren and Brusher 1977),
However, based an the cuiegories assigned in Table
I, thowe species comsidered demersad are listed in
Lable 2 by order ol abundance for the variouws ner-
thern Gall estwaries lorwhich appropriate duta were
avaibable, These datiindicate a high degree of simi-
liots Swath druns numerically dominant in all esta-
aness Samibirity between estuaries would be even

greater oxcept for the sporadic oceurrence (.1f the
Atlande threadfin (Podvdactvius octonemus) in tre-
mendous mumbers throughout the aorthern Gulf
during 1972 and 1973 (Ogren and Brusher 1977),
and reflected in the St, Andrew Bay data in Table
2

Recently Ogren and Brasher (1977) pl‘(Wid_Cd
detailed data on seasonal abundance [or 50 species
occarring in the St Andrew Bay, Florida estnary,
These were mostly demersal forms and their data
strongly indicate @ marked inarease in abundance
for most species and in species diversity in spring
el summer, Comparable datain even greater detail
were provided carlier by Christmas and Waller
{1973), and both reports were in hasic agreement.
Due to their lesser numbers, and 1ime spent away
fram the estuary, the demersal estuarine forage-fish
fauna is probably less important, as a lorage re-
source, than the midwater fauna discussed helow,

Life history studies of individual species are
scattered, The most camprehensive source for these
data in the northern Gulf is the excellent study of
Christinas and Waller (1973) in Mississippi Sound.
More detailed studics of individual species include
the study of foad habits of Symphurus plagiusa in
Georgla (Stickney 1976), the study of resource par-
titioning in several sciaenid species in the Apalachi-
cola estiiary of Florida (Sheridan 1979), and studies
on feeding preference by larval forms of demersal

Vable 2. Demersal entuarine forage fish species listed in descending order of abundance for several northern Gulf of Mexico

ealuarics.,
L Vg 0 - : o
hll.‘\.:\hhlll'l'l MOBILE BAY ESCAMBIA ST, ANDREW APALACHICOL A
SOUND : BAY BAY BAY
Mid Bay Watercourses

Micropoganias Micropagonias Micropogonias Lelostomus Polydactylus Micropogonias

weeifelatu g undulatus undulatys xanthurus octonemus undulatus
Friostomuy Leiostomus Leinstomus Micrapoegonias Micropogonias Cynoscion

xanth e xanthurus xenthurus nundulatus undulatus arenarius
Cynes inn C‘ynascios_: Cynoscion Cyrescion Lelostomus Leiostomus

arendariug arenarus arengrius arenanus xanthurus xanthtirus
Arw,t;su Sphoecroides Goblasoma Polydactylus Symphurus Baridiella

frin parvus boleosoma octonemus Plagiusa chrysura
Frinetes Anus La O psT.

godon Ariopsis Lagod
) . . -agodon Polydartyl

maculatys Selis rhamboides felis rhomboides :ctont:r:zs
Rairdicila Trichn rdis

rnne o r:mu Bairdiella Lagodon Orthopristis Ariopsis

plurus chrysura rhombeides chrysopterg felis
1

i n.l:f:::’ ?::wm::adc:at;:l;om Christmas and Waller (1973); Mobile Bay, Alabama, from Shipp (1979) for
nid. 1974) for watercourscs; Escambia Bay, Flor; fdres
Fros H ay, Florida, data from Fare (1975 i 8t

orida, data from Naughton and Soloman {1973); Apalachicols Bay, Florida from Livingston (1975(). ) St Andrew s
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species (Kjelson et al. 1975) for the Newport river
estuary in North Carolina. C(lmplctc life history
studics for those forms of fitte or no direct com-
mercial value are few; however, Caldwell (1957)
provides a complete life history treatment of the
pinfish, Lagodon rhomboides, and the study by
Springer and Woodbum (1960) remains the classic
generalecological treatment of Gulf of Mexico estu-
arine forms,

Pelagic Estuarine Zone

The pelagic estuarine zone, as defined by Roun-
sefell (1975}, is the water column above the cstuary
bottom. Swingle and Bland (1974} have indicated
that those species, considered herein (Table 1) as
pelagic estuarine forms, are numerically the most
important forage fish species in Mobile Bay. In ad-
dition, there are strong similarities in species com-
position among northern Gull estuaries where ap-
propriate data are available based on the same re-
ports used in comparison of demersal forms (Table
3).

The predominance of tnchog mitchifli in all
these stadies underscores the importance of this
species as a forage organism. This specics, the more
halophilic 4. hepsetus, and possibly other engraulid
species, are well known to sports fishermen and
commercial fishermen as “anchovies.” Schools are
in evidence throughout the lower Bay by their

Table 3.

“roughening” of the surface, by appearance in large
numbers of individuals from regurgitation by Span-
ish mackerel {Scomberomorus maculatus) when
boated, and by flocks of tems seeking them out for
food.

One of the most important studies on life his-
tory aspects of the bay anchovy has been published
recently by Sheridan (1978) for Apalachicola Bay
populations. His data stress ontogenetic, spatial
and temporal aspects of the food habits of A.
mitchilli, and indicate calanoid copepods are a
major dictary component; however, their impor-
tance declines with anchovy growth, and impor-
tance of mysids increases. Insect larvae and clado-
cerans were also major food items for populations
near the mouth of the Apalachicola River.

Such studies are exiremely important in under-
standing the intricate relationships of trophic levels
In estuanine systems, and emphasize the potential
hazards of pesticides and habitat modifications,
These factors may have severe effects on commer-
cial and sport fisheries by adversely affecting orga-
nisms not readilv recognized as critical. Sheridan's
tables of A. mitchilli food organisms are detailed by
length grouping, site, and season, and probably
could be applied to the Mobile Bay system, Darnell
(1958} also provided comparable food preference
data for Lake Pontchartrain, Louisiana, and the spe-
cies he discussed are generally the same as those of
the Mobile Bay system.

Of the pelagic cstuarine species listed in the

Pelagic estuarine forage fish apecics listed in descending order of abundance for several northern Gulf of Mexico
estuaries, Sources as in Table 2. -
APALACHICOLA
MISSISSIPPL MOBILE ESCAMBIA ST. ANDREW BAY,
SOUND BAY BAY BAY FLORIDA
Mid Bay Watercourses
Anchoa Anchoa Anchoa Anchoa Anchoa Anchoa
mitchilli mitchdli mitchili mitchslli mitchilli mitchili
Brevoortia Anchoa Brevoortia Brevoortia Harenguls Harengula
paironus kepsetus patronus patronus fuguana Juguana
Peprrilus Brevoortia Dorosoma Anchoa Anchoa Chloroscombrus
burti patronus petenense Aepsetus hepsetus chrysurys
Anchoa Dorosoma Anchoa Chioroscombrus  Brevoortia Not
hepsetus petenense hepsetus chrysurus patronus Available
Harengula Peprilus Oligoplites Harengula Peprilus Not
jaguema alepidotus faurus Jaguana burei Available
Chloroscombrus Vomer Chloroscombrus  Peprilus Chloroscombrus  Not
chrysurus setapinnis chrysurus alepidotus chrysurus Available
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Table 1, all but A. mitchilli are more or less transi-
cnts, Species of the shad genus Dorosoma are ana-
dromous, and while adults may spend extended
periods in upper estuaries, the juveniles are inhabi-
tants of coastal streams and rivers (Smith-Vaniz
1968, Shipp and Hemphill 1973). Thercfore their
value as forage in the Mobile Bay estuary is lessen-
ed. Likewise, the Gulf menhaden Brevoortia patro-
nus is a quasicatadromous form; however, the larg-
er juveniles and adults frequent the lower Bay sys-
tem,

The scaled sardine, Harengula jaguana, was
noted in abundance (rom the more easicrly northern
Gulf estuaries but its ranking is much less in the
Mobile Bay system. However, this form is more
halophilic than other species listed and though not
abundant in the upper and mid Bay regions, it be-
comes extremely abundant in the lower Bay and
around barrier islands. It is thus an integral compo-
nent of the forage populations, especially for the
Gulf predators such as larger jacks (Carangidae) and
mackerels (Scombridae). Life history data on this
species are summarized by Houde et al, (1974) and
indicate that spawning in the lower peninsular
Florida area is close to shore. This implies potential
susceptibility to runoff pollutants of the Bay during
critical early life history stages.

All the pelagic estuarine species discussed abave
arc members of the order Clupeiformes (clupeids),
which includes shad, herring, and anchovies. Clupe-
ids, especially Brevoortia, comprise the majority of
victims of summer “fish kills” (Christmas and Waller,
1973). These are caused by lowered dissolved oxy-
gen levels, frequently a result of poor circulation
during summer, and possibly industrial or municipal
discharge. Fore (1975) discussed numerous fish kills
in Escambia Bay, Florida, and suggested industrial
pollution operating with the synergistic effect of
warni summer water was a major cause.

Several small species of jacks such as the Atlan-
tic bumper (Chloroscombrus chrysurus), the leath-
erjacket (Oligoplites saurus) and the Atlantic moon-
fish (Vemer setipinnis) occupy intermediate trophic
levels between smaller forage fish species and top
cammivores in Mobile Bay, These forms rarely ex-
ceed 20 to 30 cm in total length, and occur in large
schools near the mouth of Mobile Bay and around
barrier islands. They are thought to be quasicata-
dromous, and young juveniles apparently migrate
well up into the Bay where they frequently are
trawled in significant numbers. Comments on ecol-
ogy and life history of lesser known species such as
these arc best sought in the synoptic treatments,
such as Christmas and Waller (1973) and Springer
and Woodburn (1960).

Discussion

Compared to some other groups of organisms
(e.g., plankton, infauna) knowledge of forage fish
species frequenting Mobile Bay is plentiful. Infor-
mation on species composition, abundance, and
distribution appears well documented for most re-
gions of the Bay, and comparisons to adjacent estu-
aries are readily available, However, information on
early life history of many forms is widely scattered,
sparse, or lacking entirely. Recently, this condition
has been partially remedied by the appearance of
the “Fishes of the Mid Atlantic Bight” (U.S. Depart-
ment of Interior 1978), which provides an exten-
sive compilation of data on carly life history phases
for many forms. However, little of this report is di-
rectly applicable to the north central Gulf. In Mo-
bile Bay, a study is prescntly underway by students
of University of South Alabama, Dauphin Island
Sea Lab, assessing distribution of eggs and larvae in
the lower Bay.

Information on early stages of life histery is
fundamental in evaluating the status of any specics
or group of species, During these stages natural fluc-
tuations of physical parameters can eliminate mas-
sive numbers of individuals. When combined with
synergistic effects of introduced products, effects
may be drastic. Therefore, intensified early life his-
tory studies, designed to determine seasonality and

distributton of spawning stocks appears as a high

priority goal.
One of the most important contributions regard-

ing pollutants in estuaries is that of Sindermann’s

review (1979) of pollution associated discases and
abnormalities of fin fish and shellfish. Included in
his conclusions is the following: )
“The presence of marginal or degraded estu-
arine/coastal environments may be signaled by
the appearance of, or the increase in prevalence
of a number of diseases, including fin crosion,
red sores, ulcers, and possibly lymphocystis in
fish, . .”
It is in this respect that forage fishes are functional
indicators. The high numbers of specimens available
(e.g., 611,972 in the Mississippi Sound study of
Christmas and Waller, 79,372 in the Escambia Bay
study of Fore and 99579 in the 51. Andrew Bay
study of Naughton and Soloman) make possible
statistical comparisons of the health and species
composition of the populations, In addition, the
appearances of such abnormalities nced to be moni-
tored closely, as should significant changes in spe-
cics composition, as possible indicators of undesir-
able influences on the Bay.
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A SUMMARY OF INFORMATION PERTINENT TC THE MOBILE BAY RECREATIONAL
FINFISHERY AND A REVIEW OF THE SPOTTED SEATROUT'S LIFE HISTORY

C. William Wade
Marine Resources Division
Department of Conservation and Natural Resources
P.O. Box 188
Dauphin Island, Alabama 36528

ABSTRACT

Specific data on Mobile Bay as a sportfishing
arca are not available. However, data including the
Mobile Bay sportfishery were collected during
1975. The Mobile Bay recreational fishery is largely
a shoreline fishery.

In 1975, marine recreational anglers harvested
3,641 metric tons (8,027,779 pounds) of fishes®
and devoted more than 3.7 million man-hours to
sportfishing,

Primary factors that may affect the marine
sportfishery of Mobile Bay are physical and chemi-
cal habitat alteration and fishing pressure. The de-
gree to which the availability of fishes is affected
by these factors is not known.

Physical alteration has been duc largely to
dredge and spoil operations conducted in Mobile
Bay since 1827. Spoil banks along the eastern edge
of the Mobile Bay Ship Channel have compounded
the water circulation problems in the eastern bay
and have contributed to salinity stratification and
oxygen depletion,

Typical waterborme pollutants flowing into
Mobile Bay include: oxygen demanding organic
materials, pesticides, petroleum products, silt,
sewage and various substances found in upland
runoff,

A review of the life history of the most impor-
tant recreational species found in Mobile Bay, the
spotted scatrout (Cynoscton nebulosus) is included.

INTRODUCTION

‘This is a summary of the available information
that is pertinent to the marine recreational fishery
of Mobile Bay, Rescarch data relative to the sport-
fishery in Mobile Bay are extremely limited. The
single most important recreational species found
in the Bay is the spotted scatrout (Cynoscion
nebulosus) known locally as the speckled trout.

A review of its life history is included.

DESCRIPTION OF FISHERY
Statistics

Specific data on Mobile Bay as a sportfishing
area arc not available. The only data including the
Mobile Bay sportfishery were collected during
1975 (Wade 1977). With the exception of the
northern and southern most extremitics, the Bay's
sportfishery is comprised primarily of shoreline
anglers (small private and commercial piers in-
cluded). Wade estimated that 43,560 “fisherman
occasions” occurred along the shorelines of Mobile
and Baldwin counties. The term fisherman oc-
casion is defined as any one-time fishing activity
conducted by onc individual. Wade estimated
308,045 boat and shoreline trips representing
765,117 fisherman occasions were made by anglers
fishing the marine waters of Alabama during 1975,
Itis possible that a decline in sportfishing along the
Gulf coastal waters has occurred between 1976 and
1978 due to the lack of an adequate supply of king
mackerel (Scomberomorus cavaila).

In 1975 the Alabama marine recreational fishery
represented expenses of more than $4.9 million on
expendable items directly related to one-time fish-
ing events (Wade 1977). More than 3.7 man-hours
were devoted to that pastime (Table 1). Wade es-
timated that 3,641 metric tons (8,027,779 pounds)
of fishes were harvested by recreational anglers
{Table 2). Swingle (unpublished 1964, Completion
Report, Alabama Department of Conservation and
Natural Resources) estimated that 8.4 metric tons
(18,600 pounds) of marine fishes were harvested
by recreational fishermen in the delta area at the
north end of Mobile Bay during July 1, 1963 to
June 30, 1964. However, no estimate was made
for the balance of the marine sportfishery that
year.
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Table 1. Estimated Catch (pounds) of Marine Sportfish in Alabama During 1975,

Charter
Private Boat Pier Shoreline Boat Tatal
Amberjack 10,306 - - 133,144 143,450
Black drum - 5,285 5,147 - 10,432
Blucfish 885,182 17,155 5,923 - 908,260
Blue runner 63,560 1,503 - 65,063
Catfish B0.699 51,360 8.909 - 140,968
Cobia 100,565 32,673 - 5,544 138,782
Crosker 441,477 40,715 43,957 : 526,149
Dalphin 51,689 - 6,028 57,717
Flounder 76,884 44,869 4,476 126,229
Grouprr : 3,850 3,850
Javk crevalle 156,051 39,283 15,989 4,96% 216,292
Kinglish 70,092 53,029 17,641 — 140,762
King mackerel 939,054 38,438 — 76,494 1,053,986
Ladylish 163,972 5,652 — .- 169,624
Littte tunny 335,506 7.396 — 47,542 388,444
Mullet 42 583 2.855 35,062 - 80,500
Pampane 1,267 64 - 1,331
Red deum 306,719 35,723 44,690 387,132
Sand seatrout 483,822 17,586 18,893 - 520,301
Shark 363,028 33,662 : - 596,690
Sheepahead 145,030 49,208 10,698 204,936
Snapper 79,410 1,750 - 57,882 139,042
Spanish mackerel 920,622 26,6589 i4,498 961,709
Spotted seatrou 774,740 14,679 9,218 : 798,627
Miscelluneous 195,568 34,413 17,512 - 247,493

GRAND TOTALS 6,884,559 555,090 248,179 349,951 8,027,779

Fishes FACTORS AFFECTING THE SPORTFISHERY

Important marine fishes caught by recreational
anglers in Mobile Bay arc included in Table 3, Habitat Alteration
Large schools of tarpon observed in lower Mobile
Bay during July and August of 1978 (Wade, per-
sonal observation) inercase the possibility of the Physical
return of this fishery that Nourished a5 recently as
the late 1950, Physical alteration of habitat for marine fin-
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Table 2, Summary of Information Pertinent to the Alabama Marine
Recreational Fishery During 1975,

Charter
Private Boat Pier Shoreline Boat Total

No, trips 247,858 32,219 23,942 4,026 308,045
No. fisherman

occasions 621,680 19774 43,560 20,130 765,117
Expenses $3.365,301 $763.623  3230,668  $593,835  $4,953 407
Hours fished 1,141,444 197,195 129,283 32,208 1,500,150
Man-haurs fished 2,884,7.22 499,712 231,452 161,040 3,776,926
Pounds caught 6,884,559 555,090 288,179 349,951 8,027,779
Pounds per man-

hour 2.39 1.11 1.03 2.17

Table 3, Important Marine Fishes in Mobile Bay
Utilized by the Recreational Fishery.

Atlantic croaker Micropoganias undulatus

Black drum Pogonias cromis
Bluefish Pomatamus saltatrix

Crevalle jack Caranx hippos

Gulf flounder Paralichtys albigutta
Kingfishes Menticirrhus spp.

Red drum Sciaenops ocellata
Sheepshead Archosargus probatocephalus

Sand seatrout Cynascion arenarius

Spotted seatrout Cynoscion nebulosus
Striped mullet Mugil cephalus
Tarpon Megalops atlantica

Tripletail Labotes surinamensis

fishes has occurred in Mobile Bay primarily from
dredging of channels and placement of spoil in
adjacent waters. Dredging of Mobile Bay was first
done in 1827 (May 1973a), although only the
outer bar was affected. Between 1870 and 1957
the Mobile Ship Channel was dredged to its present
length, width, and depth. Between 1871 and 1971
approximately 331,000,000 m? (253,215,000
cubic yards) of spoil were placed in Mobile Bay
adjacent to the ship channel. The relief of these
spnil banks has created large basins in which the
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bottom waters have become isolated from the sur-
rounding estuary. This situation is particularly
prevalent in the arca east of the ship channel be-
iween Daphne and Mullet Point. Water circulation
has been altered to the point that salinity stratifica-
tion occurs and oxygen deplction has become a
frequent problem. This problem is compounded
by the influx of organic matter from rivers enter-
ing the Bay east of the ship channel. When slugs
of this oxygen deficient water escape into the
adjacent estuary to the cast, “jubilees” occur along
the eastern shore of Mobile Bay. Generally, the
more pelagic fishes are not directly affected by this
phenomencn; however, sessile benthic organisms
and plantonic organisms are often suffociated.
Probably the greatest effect of this phenomenon
on the sportfishery is the loss of aquatic organisms
in the food chain. The effect on larval and juvenile
sportfishes is not known. This is an area that needs
nvestigation. This phenomenon is particularly
siressful on demersal fishes such as flounders.
Physical alteration by filling of coastal wet-
lands not only deprives marine organisms of habi-
tat, but also decreases the amount of detrital-based
nutrients available to organisms on the lower end
of the food chain. The value of the marshlands as
a source of filtration for water-bome pollutants is
well documented. Wetlands of Mobile Bay have
been filled during construction of causeways, the
dredging of various channels and in the process of
industrial, military, and residential expansion. The
loss of marshlands on a cumulative basis can ulti-
mately have a detrimental effect on the marine
sportfishery. The degree to which the sportfishery
in the Bay has been affected by such activities



cannot he determined because of the tack of his-

torical recreational catch statistics.

Chemiical

Pollution is major threat to estuaries, Typical
pollutants  found in estuaries include oxygen-
demanding organic materials, pesticides, petroleum
products, silt, radioactive substances, heavy metals,
heat, sewage and various substances found in up-
tand runoff, Wil the possible cxception of radio-
active substances, Mobile Bay receives all of the
above, Few, if any, estuarine areas in Alabama are
N pristine condition,

The Mobile Bay-Mobile Delta-Mississippi Sound
complex comprises 95% of the total open water area
of the Alabama estyaries {Crance 1971), Currently
there are at leas 536 known point sources of in-
dustrial and municipal ¢ffTitent flowing into the
Mobily Bay arca (inpublished, 1979, Dralt En.
vironmenta Impuct Statemeny - Theodore Indus.
trial Pipcline, U5, Army Corps of Engineers,
Mobile, Alabama), The most ubvious result of this
pollution is the adverse ¢lfect on the oyster fishery,
The extent 1o which the sportfishery is affected by
these water-hore pollutants is now known, Un-
doubtedly the degradation of water quality by var-
1wus pollutants has had at the very least an effect
on the availability of marine sportfish in the Bay,
Many anglers feel that the decline in the tarpon
fishery in Mabile Bay is a dircct resnlt of the pres-
ence of water-home pollutanis,

The Mobile River System carries an estimated
antal average of 4,3 million metric tuns (4.7 mil.
lion 1ons} or suspended solids into Mohile Bay
(Ryan 1969, Alteration in circulation patterns due
Lo construction of the ship channe| hay caused the
sedimentation rate in the southwest portion of the
Bay to increase, The elfect of thiy sedimentation
on the sportfishery ig tinknown,

The clfects of dredging operations in Mobije
Bay were studied by May (1973h). qle reported
that cflluents Mrom maint enanee dredging generally
have s widespread or fong term deleterions cffects
ol estuaries and indicated tha Kross physical mod.
Hications ay o resull of spoil deposits and channel
dredging were far more likely to affecy wilter qual-
1y on g long term basis,

Fishing Pressurs

The degree 10 which the wailability of fishes ig
affected by fishing pressure is not knownp, llnwcver,

it seems reasonable to assume that the number of
fishes available 1o each angler has decreased as the
number of anglers has increased.

Most, if not all, of the species utilized by the
recreational community are also harvested by com-
mercial intercsts. The degree to which important
specics are aflfected is not known,

There is a 4,9.m {16 {oot) sport trawl fishery
that utilizes many of the same species that are
taken by hook-and-ine anglers. The degree to
which the hook-and.line fishery is affected by this
trawl fishery is not known,

RESEARCH NEEDS

Important research needs include the follow-
ing:

L. The life histories of all important {infishes
i Alabama estuaries should be deter.
mined.

2. Statistical data that will delineate the
recreational catch by water body in all
Alabama estuaries aro needed. Catch-effort
data should he included,

3. The precise degree 1o which the recrea-
tional harvest is affected by the commer-
ctal harvest shoyld be clearly understood.

4. A determination of the clfects on the fin-
fishery caused by dredging of channels
and creation of spoil banks should be
made,

2. The degree to which the food chain and
larval and juvenile forms of important spe-
cies have been and are heing affected by
the filling of wetlands surrounding the
estuary should he investigated,

6. The degree to which oxygen depletion af-
feets larval and Juvenile forms of impor-
tant finfish species should be studied,

7. The degree 1o whicl, the fishery is affected
by water-bome industrial and municipal
pollutants should be determined,

B. The degree 10 which water-bome sub-
stances alter water quality and habitat
should be determined,

9. The degree to which sedimentation from
upland sources affects benthic biota and
habitat should be studied.

10. Age and growth data and population dy-
namics data need to be coliected for key
marine specics,
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MANAGEMENT

Formulation of effective management programs
is impossible without a sufficient data base. Spe-
cific recommendations cannot bhe made before
specific problems are studied. Management regimes
should be geared 1o bivlogical principals where
possible. Social and political problems affecting the
fishery should be understood and dealt with on a
case-by-case basis with underlying biological princ-
pals playing a major role in decision making,
Through knowledge of the life history and popula-
tion dynamics of cach species is essential to form-
ulation of management recommendations, Many
management plans incorporate restrictions on gear
type and size, catch quotas, restricted fishing areas
(sanctuanes), restrictions on minimum and/or max-
imum size, and restrictions by season. Whether any
of the above restrictions are necessary in the Mobile
estuary is not known.

The Alasbama Murine Resources Division drafted
legislation to obtain a saltwater sportfishing license
m 1971 and has pursued a license during every sub-
scquent legislative session. Initially there was very
little understanding on the part of legislators and
the general public for the need. However, in recent
years wide spread support for the license has begun
1o develop. The license i1s needed to finance the
development of the sportlishery and to obtain ac-
curate statistics on the user group.

LIFE HISTORY OF SPOTTED SEATROUT
(CYNOSCION NEBULOSUS)

Distribution

The spotted seatrout oceurs from Cape Cod to
the Gulf of Campeche. It is found in coastal areas
and is primarily a warm water fish that is abundant
throughout the Gulf States {(Guest and Gunter
1958).

Reproduction

Spotted seatrout reach sexual maturity be-
tween the ages of one and four years with males
maturing earlier (Guest and Gunter 1958). Most
females do not spawn until their second or third
summer while some males spawn at age one, Sexual
maturity occurs between 210 mm (8.27 inches)
and 276 mm (10.63 inches) in females and 180
mm (7.09 inches) and 250 mm {9.84 inches) in
males.!/ However, some data indicate that sexual

maturity occurs at different ages and at different
sizes In various estuaries,

Fecundity estimates range from around 15,000
cggs to over 1,100,000 eggs. The greatest fecundity
occurs in age 1V fish (average size 504 mm or
19.84 inches) while agc-class III has the greatest
spawning power (average size 450 mm or 17.72
inches).!’

The spawning season ranges from March to
October in south Florida and from May through
September along the northern Gulf Coast, In south
Florida ripe females were found year round and
peak spawning may be bi-medal with peak periods
varying among esiuarics. Spawning areas are be-
lieved to be in deeper channels and holes adjacent
to shallow flats, bays and bayous. Spawning occurs
at night. Optimal spawning temperaturc appears to
range between 20° C (68° F) and 30° C (98° F) with
optimal salinity occurring between 20 and 35 parts
per thousand {ppt).!’

Age and Growth

Characteristics of age and growth vary among
populations from different estuaries, It appears
that several factors influence age and growth: food
supply, predators, temperature, salinity, optimum
habitat."’ Temperature is probably the single most
mmportant factor, Growth does not appear to be
continuous throughout the year and obtaining ac-
curate age and growth data is hampered by the pro-
longed spawning period characteristic of spotted
scatrout and by overlapping of year classes.

Tatum (1978} examined catch records from an-
nual fishing toumaments (1964-1977) in Baldwin
County and concluded that age-class 111+ repre-
sented the first age group that is fully vulnerable to
the sportfishery. He stated that the degree to
which this yearclass contributes to the fishery
determincs to a large extent the availability of sea-
trout to the angler. He cstimated the mortality rate
to range between 36.2% and 58.1% with an average
of 49.8%. He concluded that the two most exploited
age-classes were II+ and IlI+. Tatum compared
growth data from Texas fish and found them to be
similar. He concluded that Alabama’s size limit of
305 mm (12,0 inches} total length, is adequate
based on a 50% sexual maturity rate for trout 250
mm (9.8 inches).

Klinc and Tabb!’ found while working in Flor-
ida that male fish outnumber female fish in the
one- to three-year olds and may be three to four
times as numerous. Males apparently do not live
beyond age eight and do not comprise more than
18% of the population beyond age five. The sig-
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nificance of these sex ratios is not understood.
Kline and Tabb's daty suggest that a significant
portion of the trout fishery, which is represented
by males one- to three-years old, is lost to natural
mortality before they reach age five. Stewart!/
found roughly equal sex ratios in his study of Flor-
ida Bay fish through age three, but females pre-
dominated ages 4 through 7. This sex-related dif-
ferential mortality is an Important area that necds
further investigation before we can understand pro.
blems associated with seatrout abundance,

Food Habits

Stomach content analysis has revealed that
shrimp and small finfish constitute the bulk of the
dict for seatrout (Guest and Gunter 1958). Post-
larval seatrout feed on larval and postlarval shrimp,
copepods, small fish and crabs !/ Apparently their
diet changes with sjze. Fingerling seatrout (132.
225 mm or 5,989 tinches) prefer invertebrates,
As young adults {226-350 mm or 9.8-13.8 inches)
they prefer a mixture of vertebrates and inverte.
brates and as large and old fish {351 mm+ or 13.8
inches+) they prefer primarily vertebrates. Seatrout
prefer to feed in the morning hours, 1/

Temperature and Salinity Tolerance

Tabb! reported in 1958 th
temperature range for seatrout
(59 F) 10 27° C (81° F). Seatrout have been found
in 1emperatures as low as 4° C (39° F} and as high
a5 33° € (91° F). Fish kills have been obscrved
when strong cold fronts suddenly move through
the south Alabama arcu. Thig undoubtedly huppens
when the fish are too far from the deeper and
wWarmer water to escape the sudden temperature
change.

Temperuture influence
populations. Increases in s
been noted in areas of ther
in abundance have been n
winters which may result from fish kills, a decrease
In spawning success, or both, A survey of the litera-
ture indicated that temperature may be the single
most influential environmental factor in seatrout
abundance,

Guest and Gunter
timum salinity range to
trout have been found
0.2 ppt to 75 ppt.l/ g
ported in salinities above
1958},

at the optimum
was {rom 15° ¢

$ abundance in scatrout
catrout abundance have
mal effluent 1/ Decreases
oted afrer unusually cold

{1958) reported the op-
be from 5 to 20 ppt. Sca-
in salinities ranging from
pawning has not been re.
45 ppt (Guest and Gunter
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Movement

Tagging investigations along the Gulf Coast
have confirmed that the scatrout is primarily a
resident fish that normally does not move more
than an average of 48 km {30 miles). The maxi-
mum movement recorded is 56% km {315 miles)!/
Seatrout tend to school throughout most of their
life but may lose this tendency with old age.

Temperature, salinity and availability of food
are important factors governing the movement
of seatrout. Tag returns from scatrout tagged in
Alabama have been 100 limited in number to de-
lineate any pattern,

Habitat

Large shallow grassy flats of brackish water
areas arc belicved to offer optimum support for
young seatrout populations. These arcas should be
located close to channels or other decp water areas
to offer refuge from winter cold fronts. Grass flats
such as these are quite limited in Mobile Bay and
their importance to Alabama populations is not
known. Mobile Bay may not be optimum habitat
for seatrout because large expanses of grass flats
are not present, and the Bay waters are subject to
rapid temperature fuctuation after sudden cold
fronts. Further, salinity of the Bay can drop to 0
Ppt alter heavy rainfall in upper portions of the
Siate,

Parasitism and Disease

Spaotted searrout are subje
festation in gill tissue during
During prolonged coli

¢t to protozoan in-
cold water stress,?/
periods seatrout may be-
come inactive as the protozoan infestation pro-
liferates. Under these circumstances they are sub-
ject to fungal and bacterind infections which may
eventually cause deach,

The pleuroceroid  stage
Poeailancistrium robustum
flesh of spotted seatrout, b
harmful to man. Other pa
flukes have been identified
has been found that is trans

of the tape worm
is often seen in the
ut the parasite is not
rasites such as blood
in seatrout, but none
mitted to man,

Fishing Pressure

The literature indicates that environmental fac.
tors have considerable effect on the availability of
seatrout, but the effects of fishing pressure are not




known. The only landings available for the sport-
fishery in Alabama are from Wade (1977) for the
year 1975, He estimated that 362.2 metric tons
(798,637 1bs.) (Tuble 1) of spotted seatrout were
harvested by recreationat (ishermen that year. Dur-
ing the same year it was cstimated that 27,9 mt
(61,600 pounds) of trout were harvested by com-
mercial interests. What portion of this total esti-
mated 390.1 mt (860,237 pounds) came from
Mobile Bay is not known, There is 2 commercial
fishery [or scatrout in Mobile Bay that operates
largely during the winter months when scatrout
are concentrated in deep heles and channels in the
upper Bay. The author’s opinion is that a consider-
able portion of the Alabamu commercial harvest of
scatrout comes from Mobile Buy, The sportfishery
of Mobile Bay proper is confined primarily to the
causeway and delta arcas and 1o the Cedar Paint
Reef area at the confluence of Mobile Bay and Mis-
sissippt Sound. Considerably more seatrout arc
harvested by recreational anglers utilizing the tribu-
taries surrounding the Bay. Fowl River, Fish River
and Bon Secour River are important arcas in the
spotted scatrout recreational fishery, The commer-
cial harvest of seatrout from Mohile Bay proper
probably cxcceds the recreational harvest from the
Bay; however, the total recreational harvest {rom
all Alabamau waters [ar exceeds the commercial har-
vest.

i Unpublished Draft Reports of Red Deum, Sported Seatrout Sub-

committee, Gulf States Manine Fisheries Commission, 1979,
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COMMERCIAL FISHERIES AND THE MOBILE ESTUARY

Hugh A, Swingle, Director
Marine Resources Division
Department of Consarvation and Natural Resources
P. O. Box 188
Dauphin Island, Alabama 36528

ABSTRACT

Harvest of fish and shellfish from the Mobile
Estuary has played an important rolc in the de-
velopment of the Alabama coastal area for more
than 3000 years. There is ample evidence demon-
strating the importance of seafoods in the diet
of coastal inhabitants since the movement of the
first Indians into the area and throughout the
history ol the arca until the present. Alabama’s
commercial fishing industry developed from a
small locally important trade in the late 1800’
into the multimillion dollar industry of today.

INTRODUCTION

Brackish water clams and oysters have been
abundantly available to the coastal inhabitants
along the coastal area of Alabama since before re-
corded history. Radiocarbon dates of middens
composed largely of oyster shell along the coastal
arca indicate that Indians utilized oysters exten-
sively in their diet more than 2500 years ago (Wim-
berly 1960) and the presence of oyster and whelk
shells in the middens some 40 or more miles inland
demonstrates that there was at least limited barter-
ing of these shellfish during that time.

Fish and shellfish were primarily of local im-
portance until development of methods for pre-
serving and transporting these highly perishable
foods to inland arcas, Drying, smoking, and salting
were the main methods of preserving seafoods
for inland Alabama inhabitants until the first can-
nery was built in Bayou La Batre in 1897 (Swingle
and Hughes 1976). During the carly 1900’s there
were several canneries operating in Bayou La Batre
and Coden processing oysters, shrimp, crab and
some vegetables. Certain canneries would process
oysters from January until May, vegetables or crab
meat during the late spring and summer and shrimp
from August through late fall or early winter. In
1926, there were five canneries operating in the
Bayou La Batre-Coden area {Swingle and Hughes
1976). The decline of the canneries from the peak
years of the 1920s until the closure of the last
operating cannery in the mid-1960’s resulted largely

from the loss of producing oyster bottoms in the
Portersville Bay area, periodic closure of oyster
reefs by the Alabama Department of Public Health,
restrictions on harvest of oysters from private beds
and out-of-state competition.

Development of better methods of refrigera-
tion, freezing, and transportation methods changed
the distribution of Alabama seafood products from
a local commodity to the present distribution
system throughout the United States. Changes in
fishing methods also changed the nature of the
lishery. Motorized vessels, the introduction of the
shrimp trawl ca. 1918 and crab trap ca. 1950, syn-
thetic netting, more reliable engines and other
mnovations gradually replaced less efficient means
and methods of harvesting seafouds. The most
significant change in Alabama’s commercial fishery
began in the 1950% as the smaller inshore or “bay
boats™ were gradually replaced by larger vessels
capable of extended offshore fishing trips. During
the period from 1964-1973, the number of bay
boats decreased from 231 1o 156 while the number
of large offshore vessels increased from 230 1o 550
(U.S. Department of Commerce, various years) re-
flecting the oifshore expansion of the fishing fleet.
Consequently, the catch of seafoods from internal
waters (bays and sounds} declined in percentage
of the total catch as the offshore catch of seafoods
increased {Table 1}. The catch of finfish and shell-
fish from internal waters varies annually but no
significant trend is apparent from available data on
total cawch from state waters,

The total number of commercial fishermen and
persons employed in both wholesale and processing
plants has not increased proportionately te the
dockside value or the processed value of seafoods
landed in Alabama (Table 2). The total value of
seafoods landed in Alabama cannot be determined
from existing data because the percentage of sea-
foods landcd that is later processed within the
state 15 unknown. Also, an unknown amount of
seafood landed in other states is trucked into
Alabama for processing.

Landing statistics from specific watcr areas
around Mobile Bay are maintained by the National
Marine Fisheries Service but are not published,
Swingle (1976) presented these catch statistics in
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‘aters Lang
le 1. Finfish and Shelifish Caught from Internal Waters (Bays and Sounds) of Alabama and Offshore Wate od gy
‘Table 1. Finfish an

Alabama Ports During Various Years. 2/ All values expressed in thousands of pounds.
a

——
1973 19
1965 197¢ 1971 1972 __""‘-?--5-._
5 25 15,
Total finfish®/ 5,855 12,895 15,137 15,796 22,252 : 31 1
iy ! " )
Inside Catch 1,460 3466 2,7(1): 1,6]8? 2, o , ?g
Percent of toal 52 27
7 16,3
Taral shelifish 11,930 16,726 19,101 20,273 ]4,:13 . 0::6
Eoside catch 4,963 5,382 3,469 3,88(]] 3,5;4 R ;a(s)
Percent of total 37 20 18 1¢
31,5
Tutal finfish and shellfish 17,785 29,62] 34,238 3(:5,043 36,744 5,847
Inside caich 6,223 6,848 6,174 5,570 6'3?3 , Tg
Pereent of 10tat 35 23 18 16

aj  Dara modified lrom Swingle (1977)
b 1 pound  0.454 kg

Tahle 2. Number of Fishermen, Whalcsale and Processing Plants and Employees and Values of Seafoods Landed and
Processed in Alahama for the Perind of 1964-1974.y Values in $1,000,

Seasonal Dockside Processed

Fishermen Plants Employees Value Value
E1i64 [.733 37 1,135 $3,975 $7,434
1965 1,854 54 1,070 4,986 6,838
194646 2,084 66 1,343 6,807 9.613
144:? 2,130 68 1,643 8,300 13,590
(96K 2195 71 1,726 9,617 15,373
19649 2,290 67 1673 10,557 17,616
1970 240 56 1,406 9,925 10,575
vz {958 62 2,142 13,810 20,908
ty70 L4a6G7 43 2,082 17,728 30,888
U 2,146 62 1,925 17,667 43,188
1474 1,766 60 1,641 16,779 31,176

4f lromi'§, Do, Cimmerce, various years,

dewnl T phe Pened 19641972, A summary  hurvested legally was lowered during the oyster
sl these daa iy presented in Tyble 4, GEnNING season in Mississippi,

Landings trom Mobile Bay make up approxi- Overharvest of small oysters during 1967 and
mately 53N of ihe landings [rom the internal 1968 caused a4 very much reduced catch during
Waless ol the state and 0% or less of the total 1969, 1970, and 1971, Great floods, low dissolved
from both inermal ung oflshore waters that js OXYECen over the oyster reefs ynd other disasters
Landed ¢ Alabama porty, Considerable fluctuations which cause significant mortality upon oysters
have aecurred i the quantity of seafoods taken or alfect their spawning will cause g reduced har-
from Mohile Bay during this ptriod (Table 3) of vesi for the {ollowing 3-ycar period.
data analyyis, Oyster landings from Mobile Ba Fishing effort also affects the
have varied from 4 low of 9.5 my {21,000 Ibs.) foods landed, During the
clu:jng 1965 10 4 high of 301 m, {663,000 Ibs.)  Alabamga oyster reefs are closed by the Alabama
during 1the 1947 sleam oyster season, Department of Publjc Health for Periods varying

During the special oyster seasons in 1967 and  from 2 weeks to 4 months duration for heajth
1968 the minimum size of oysters (hat could be  reasong causing fluctuations ip annual landings.
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Table 3. Seafood Landed from Mobile Bay by Alabama Commercial Fishermen for the Period 1964-1972.% Data in thou.

sands of pounds.P/

Shrimp Orysters Crabs Finfish Total
1964 1,225 349 614 1,072 3,257
1965 1,086 21 675 1,437 3,219
1966 1,028 257 728 b410 2,403
1967 1,726 663 962 2,965 6,316
1968 1,394 275 991 2,838 5,498
1969 954 72 6RO 2,984 4,650
1970 696 42 535 2,930 4,203
1971 543 59 643 2,173 3,412
1972 722 239 596 1,328 2,845

a/ Data from Swingle {1976)

by Weights expressed as whole weight for shrimp, crabs and linfish and as meats only for oysters.

1 pound = (.454 kg.

The decrease in the catch of shrimp from Mobile
Bay (Table 3) appears to be related to effort rather
than a decrease in productivity. The number of
smaller inshore shnmp boats registered in Alabama
decreased from 231 mn 1964 1o 179 in 1972
Correspondingly, the number of shrimping trips
made in Mobile Bay declined from 2,144 in 1964
to 1,159 in 1972, However, with decrcased effort,
the catch per trip incrcased from 259 kg (570 1bs.)
heads-on weight in 1964 to 283 kg (623 bs.) in
1972 (Swingle 1976).

While the reported commercial landings of sea-
foods from Mobile Bay show no significant trend
(Table 3) for the period 1964-1972, un unknown
but significant quantity of scaloods 1s taken by the
recreational fishing sector. Based upon the known
increase in the number of recrcational boats
registered in the coastal arca, the recreational catch
has likely increased substantially during the past
decade., Without data on the recreational sector,
few if any conclusions can be reached concemning
the status of the fishery of Mobile Bay. Without
historical catch-effort data from both the commer-
cial and recreational user groups, no meaningful
interpretation of existing landings data is possible
because commercial landings statistics are influ-
enced not only by population abundance but by
consurmer demand, scasonal and area closures, the
number of days and units of gear fished and
numerous other factors.

LIFECYCLE

The Adantic croaker (Micropagontas undulatus)
typifies the cstuarine-dependent life cycle of most
fishes common to Mobile Bay. It is the second most

abundant species in both Mohile Bay {Swingle
1971} and the tdal rivers along the Bay (Swingle
and Bland 1974). Croaker is commonly {ound
throughout a range from fresh o over 35ppt
salinity and 1s present in our estuarine waters
throughout the year, Peak spawning occurs during
the fall and winter months, probably in October
(White and Chittenden 1976), or January and
February (Warren ct al. 1978). Juveniles enter
Mobile Bay and tidal rivers from October through
Aprit at a size of 15 mm or less {Swingle 1977,
Swingle and Bland 1974). Spawning pcaks are
variable and are likely associated with clima-
1ological variation.

Spawning occurs offshore and generally takes
place at depths of 20 m or less in the proximity of
tidal passes. Developing eggs are pelagic and range
in diamcter from 0.6 to 0.7 mm. latching nor
mully occurs 30 to 40 hours after fertilizaton,
with the newly hatched lanvae measuring approxi-
mately 1.2 mm. Croaker larvae are first encountered
in the bays and sounds at 2 length of 5 mm.
Growth is rapid in the estuarine arca with immigra-
tion back into the Gulf usually occurring in the fall
at a size of 120 mm,

Feeding habits vary with croaker size as well
as with food availability, Smaller fish feed on
zooplankton and bottom invertebrates with the
dict changing to predominantly Jarge bottom dwell-
ing organisms as the croaker grows. The change
in food preference is associated with the movement
of the mouth from a terminal position in the
smaller fish to an inferior position in adults. Feed-
ing observations reveal a “plunge and sort™ feeding
behavior with fish diving to the bottom, obtaining
a mouthful of material, and sifting the material
through the gills. Adult fish prefer polychactes,
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crabs, mysid shrimp, copepods, and mollusks in
that order. Fish hecome a more impartant food
item as 1the eroaker grows, with anchovies and
small croaker constituting principal species con-
sumed, Penacid shrimp are infrequently seen In
croaker stomuchs and do not appcear Li) rcprcscnt
a majar food item,

Croaker movement on the Gulf lishing grounds
appears 1o be relied to bottom temperziure, with
general offsiiore movement in the fall and shore-
ward movement in the spring. Crosker school
throughout their lives, but the schools are less
defined during winter and spring than during
summer ancd Fall. Citeh per unit effore {CPUE) is
much greater during the defined schooling period
with industrial trawling vessels taking 10-20 mt of
fish in 10-20 minutes of trivwling,

Estimated annual croaker mortality rates are
difficult o obtain since there is disagreement on
annual growth rate of the species (Roithmayr
1963, Chittenden 1976, llerke 1971). The total
annaal mortdity rate for Guli of Mexico ground-
fish was estimated by Klima {(1976) to be 57%
and by Chittenden to be 95%, Since 83% of the
estimated groundtish catch is tken and discarded
by the slyimp  fishery, Chittenden's  cstimate
appears realistic and likely an appropriate total
annual mortadity estimate for croaker.

Wade (1977) estimated a total recreational
croaker cateh of 239,159 ky (526,149 Ibs.} in
Alabama comtal waters during 1975 and ranked
the species ws the sixth mest abundani species in
recreational lundings,  The  directed  commer-
chd aned reereational cateh coupled with the non-
dirceted by-catel from commercial and recrea-
Genal shrimpers place the craaker in highly ex-
ploited position,
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THE OYSTER FISHERY IN MOBILE BAY, ALABAMA

Wiltiam J. Eckmayer
Marine Resources Division
Department of Conservation and Natural Resources
Post Office Box 188
Dauphin Island, Alabama 36528

ABSTRACT

Alabama oyster landings have averaged 463,395
kg (1,019,469 Ibs) [rom 1880 through 1977
Heavy fishing pressure and the lack of shell plant-
ing in recent years have reduced the oyster popu-
lation on the major reefs and the landing for 1978
and 1979 will be below average. The total area of
productive recfs has remained relatively constant
while the centers of productivity have shifted in a
southwestetly direction,

Bon Secour Bay oyster reefs were depleted by
over harvesting. The present spat set is extremely
low and insufficient for the reefs to recover. Bon
Secour Bay may be rehabilitated for private oyster
leasing 1f ample seed oysters can be obtained.

The future of the Alabama oyster [ishery is
dependent on the amount of freshwater entering
Mobile Bay, the frequency and extent of oxygen
depletions, and the extent of domestic wastes
discharged near shellfish areas,

Shell planting, relaying oysters from polluted
waters, and selective closures to control fishing
pressures are needed to manage the oyster lishery.
The lease program in Alabama depends on the
development of a seed oyster program and over-
coming the prevailing attitude of the local oyster-
men.

INTRODUCTION

The oyster landing for Alabama in 1977 were
702,730 kg (1,549,230 1b); of this only 10% of
69,854 kg (154,000 lb) werc taken from Mobile
Bay with thc remainder coming from Mississippi
Sound. Becausc the landing statistics do not
separate the catches from Mobile Bay and
Mississippi Sound, the major producing recf,
Cedar Point (Fig. 1}, will be included in the dis-
cussion of the oyster fishery of Mohile Bay.

The average annual landing from 1880 through
1977 was 463,395 kg (1,021,594 1b). The
landing for 1976 and 1977 averaged 631,638 kg
(1,392,500 Ib) with the 1978 landing expected
to be less than the average from previous years.
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The outlook for 1979 is not encouraging because
of the lack of shell planting and extensive oyster
mortalitics due to predation by the southern
oyster drill, Thais haemostoma.

Extensive harvests from 1976 through 1978
have removed most of the cultch, the substrate
upon which oysters set, from Cedar Point Reef.
This will result in a decrease in the abundance
of oysters available fer harvest from Cedar Point
Reef. Other reefs in western Mobile Bay arc
supporting large populations of harvestahle oysters.
The abundance of oysters {luctuates with periods
of high landings olien followed by poor harvests.
The oyster population in western Mobile Bay is
in excellent condition but may decrcase and then
be followed by a resurgence duc to the cydlic
nature of oyster populations.

The greatest threat to a successful 1979 season
1s the oyster drill, the abundance of which is con-
trolled by nature. The winter and spring flood
waters from the Tombigbee and Alabama rivers
reduce the salinity of Mobile Bay. If these floods,
called freshets, reduce the salinity 1o zero for
approximately six weeks, the drill poputation will
decrcase to a level of minor importance.

CHANGES IN THE OYSTER POPULATION

Observing changes in the oyster populations
can be accomplished unly by examining the reefs,
which in Mobile Bay (Fig. 1) can be divided into
two sections. The small section, Bon Secour Bay,
is bounded on the west by a line from Great Point
Clear to Little Point Clear. The arca west of that
line and extending onc mile west of Dauphin Island
Bridge will be called Mobile Bay in this discussion.

Mobile Bay

Qvysters are not harvested north of a line from
the mouth of East Fowl River 1o Great Point Clear.
A few small reefs occur north of this line but they
are not harvestable because the area is permanently
closed by the Alabama Department of Public
Health for pubtic health reasons.



Cedar Point Reef Alabama oyster catch. Cedar Point Reef in 1968
(May 1971) ran from Cedar Point to the Intra-

Cedar Point Reef {(Fig. 1) occupied 18.2 ha cqas}al_ Wfiterway, extending 1.6 km {1 mile) into
(45 a) in 1894 (Ritter 1896) and was depleted as a Mlsswmpp_z Sound apd covered 562.3 ha (1,389.5 a).
result of overfishing, Cedar Point Reef recovered Cedar Pom.t Reef increased 212% in 74 vr. It was
and expanded to 81,9 hy (201 a}). Eight more reefs planted with 22,562 m* (29,509 yd') of clz.im
covered the arca hewween Dauphin Island and  shell in 1975, That planting increased spat density
Cedar Point, The complex of nine reefs had a com- and by 1977 the resulting oysters entered the
bined arex of 489.7 hy (1,210 a) (Moore 1913}, fishery. Spat [all in 1978 was less than that found
an increase of 172% in 16 yr. The Mood of 1929 in 1969 but the oyster density was higher (William
completely  destroyed Cedar Point Recf with Eckmayer, unpublished, Alabama Marine Re-
132.7 ha (328 4) lost from 1he 489.7 ha (1,210 a) sources Laboratory). The Reef wus overharvested

of productive bottom in 1910 {Galtsoff 1930).  because more oysters were being taken than could
Cedar Point Reef decreased 1o 70.4 ha {174 ) in be replaced by spat. Overfishing precipitated the
1943 und began 10 merge with adjacent reefs. closure of Cedar Point Reef during the summer of
That consolidation resulted from shell deposition, 1378. Oystermen are now harvesting other reefs,
from culling and dredging operations. The eastern weather permitting, thus offering some relief to
side of the Reef received a higher spat set than the  Cedar Point Reef,

other sections, and at the same time oyster drills

were & senaus problem, destroying 24% of the spat

(Engle 1945). When Bell {1952) examined Cedur  Sand Reef

Point Reet in 1951 the Reef had grown to 588.8

ha (1,455 a) and accounted for 75% of the Sand Reef (Fig. 1) was the largest, 329.0 ha
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{813 a), and most productive reef in 1894 {Ritter
1896}, The Reef was partially depleted by over-
harvesting and many oysters died in the freshet
of 1893, Moore {1913) found Sand Reef covering
265.1 ha (655 a) in 1910. Oysters from Sand Reef
were considered inferior because of poor keeping
quality (Engle 1945). Few single valves were found
on the Reef yet it produced an abundant spat set,
Oysters on Sand Reef m 1943 were effected ex-
tensively by Polydora websteri, Diplothyra smith#i
and oyster drills. Ninc years later Sand Reef de-
creased to 202.8 ha (501 a} (Bell 1952). When it
was remeasured in 1968 it covered 15.5 ha (38.2 a)
and consisted of two reefs. The 92% decrease in
17 yr probably was related to the closure of Pass
Drury in the early 1960’s. An attempt was made in
1974 to enlarge the main portion of Sand Reef
from 11.7ha (28.9a) to 65.5ha {162a) by
planting 11,265 m?® (14,734 yd®) of clam shell.
The planting failed to cnlarge the reef, because
most of the shell sank into the mud. From 1977 to
1978 the number of spat decreased while the
number of oysters increased during the same period
(William Eckmaycr, unpublished, Alabama Marine
Resources Laboratory). In 1979, the densest oyster
population in all of Mobile Bay was on Sand Recf,

Bon Secour B

Bon Secour Bay was depleted of harvestable
oysters by overfishing in 1894 (Ritter 1896). There
are presently less than 202.4 ha (500 a) of natural
oyster reel in the Bay but in 1914 there were
1,618 ha (4,0004a) in private, riparian leases.
The private, riparian beds decreased to 283.5 ha
(700 a) in 1943 (Englc 1945), and now there are
none.

Loss of Oyster Bottoms

The overall trend for oyster reefs in Mobile
Bay is a shift of the centers of production to the
south and west. The total area of natural oyster
reefs remained relatively constant with 1,256 ha
(3,105 a) reporied in 1894 (Ritter 1896} and
1,240 ha (3,064 a) in 1968 (May 1971). That
relative stability was maintained by the growth
of Cedar Point Reef which compensated for the
loss of Whitehouse, Great Point Clear and Klon-
dike reefs and thereduction of Sand Reef (Table 1).

Mackin (1951} noted a reduction of oyster
bottoms in western Mobile Bay. He suggested three
possible explanations for that reduction: the sub-
sidence of the Gulf coast tidal region, rising water
level of the Gulf of Mexico, and deforestation of

™

the Mobile Bay drainage basin which resulted in
the erosion of Jands converted to agriculture. The
deforestation of the drainage basin had 1wo effects
on the periodic floods. First, the intensity of the
floods increased with the rivers carrying more
water over a given period of time, thus producing
high flood crests which penetrated farther down
Mobile Bay. The other effect was the loss of
ground cover which increased the amount of silt
entering the river and settling out in the southern
areas of Mobile Bay.

Cedar Point Reef and various reefs around it
consolidated into one large reef by 1951 as a result
of the filling of gaps between them. Following this
union and because of the protected nature of the
reef, it assumed a dominant role in oyster produc-
t1on,

FACTORS AFFECTING OYSTER PRODUCTION
Pesticides

The oysters in Alabama in 1965 and 1966 ex-
hibited organochloride pesticide residue levels
below those considered harmful {Casper et al. 1969),
The effect of pesticides on oyster populations is
not fully understood. Butler {1969) concluded that
environmental pesticide levels as low as 10 parts
per billion (ppb) may decrease growth rates in
oysters. Oysters cxposed to DDT concentrations
as low as 0.1 ppb in the surrounding water may
concentrate up to 7 parts per million (ppm) in
their tissuc in about one month (Butler 1966).
That ability to concentrate pesticides points out
the need for a more thorough understanding of the
chronic effects of sublethal concentrations on the
health, reproduction and growth of oysters.

Sedimentation

Some areas are seasonly covered with a layer
of fine silt and later are hard and clean. An unde-
termined number of oysters on several reefs in
Mobile Bay were smothered by silt following the
summer floods of 1970 {(May 1971).

Ryan (1969) estimated about 4.3 x 10° metric
tons (mmt) (4.7 x 10° tons) of suspended sedi-
ment enters Mobile Bay every year. In addition,
the U.S. Army Corps of Engineers (file report,
US. Ammy Corps of Enginecrs, Mobile District)
reported channel dredging between 1871 and
1971 resulted in the redeposition of 331 x 10* m?
{432.9 x 10° yd*®) of sediment. Shell dredging
operations in the Bay redeposit approximately



Table 1. The area in hectares of the oyater recfs in Mobile Bay and Bon Sccour Bay, Alabama, reported from various sur-
¥eys. The net changes in arca from the carliest to the most recent are listed,

Net

18943/ 1910%/ 1943¢/ 19519/ 1968%/ Change
Mohile Bay Recfs
Hollingery 3.2 o
Fowl River 40.5 9 -40.5
Whitehouse 356.5 282.9 183.2 -173.3
Kings Bayou 33.2 81.3 27.8 5.4
Buoy 164.3 164.3 84.6 84.1 -80.2
Cedar Point 1801 489.7 70.4 588.8 562.3 +382.2
Sand 529.0 265.1 202.8 15.5 -313.5
Dauphin Istand Bay 12,1 306 69.2 3.5 -B.6
Heron Bay B5.4 441 “41.7
Great Point Clear 21.5 48.6 83.2 +61.7
Little Poing Clesr 16.2 0 -16.2
Bon Secour Bay Reefs
Klondike 789 65.0 -13.9
Fish River .6 56.7 427 +9.1
Bayou Conr 7.5 39.7 27.1 -0.4
Bon Sceour 15.4 11.3 12.¢ -3.4
Shellbank 76.1 26.3 60.3 -15.8

Total 1,241.2 1,344.1 102.0 1,671.1 [,210.8

af River 18496,
bf Moore |91Y,
¢/ Fngle 1945,
df Bell 1952
</ May 1971,

IB X 10w’ (A x 10* yd*) of bottom material
cach year (May 1971} The botiom of Mobile
Bay is mostly fine silt and current and wave action
castly 1esuspended that sily during storm activity,
One km® of water 3.05m deep can hold over
86.9 mmt of suspended silt under normal con-
dittons. Stonn winds can increase that amount
of suspended silt 10 over 4345 mmt per km?
(Macklin 1953}, Minor dumage from silt to oysters
has been reported by Ritter (1 896). Galtsoff (1 930},
and Fngle {1948).

Cwrrent tong-term sediment accumulation in
Mauobile Bay has been estimated at 52 em (1.7 ft)
per century {Ryan 1969). May (1976) reported
the sedimentation rate for the last 5 to 6x 10?
yr to be ubout 12 cm (0.4 ft} per century, The
higher sedimentation rate for the jJast 150 yr
probably indicates the effects of lumbering and
agriculture on the amount of sediment in the water,
I could not detect any reduction in total arey of
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oyster reefs that resulted from siltation from the
data for the last 75 yr (May 1971).

Channel Dradging

Dredging i Atabama began in 1827 with the
construction of the Mobhile Ship Channel. The
carliest reeord of dredging that affected oyster
bottoms was in 1838 when Grants Pass was
dredged. Ritter {1896) attributed the loss of
Fowl River Reef to the deposition of spoil from
Mobile Ship Channel. He also reported that 178.1
ha (440 a} of Whitehouse Reef werc covered with
channel spoil. An undetermined amount ol vyster
bottoms were destroyed or altered by dredging
Pass aux Huitres and Pass aux Herons channels and
by dredging during the construction of the Dauphin
Island Causcway Bridge. Sedimentation and channel
dredging caused changes in salinity and current pat-




terns that probably had a more pronounced effect
on oyster bottoms than the immediate effects of
sitt and spoil. The construction of Mobile Ship
Channel permitted a decper penetration of the
salt wedge into Mobile Bay. The salinity regime
was also altered by the dredging of the Gulf
Intracoastal Waterway in 1942. Dredging and fili-
ing prujects should not be considered without
carefully evaluating their effect on sedimentation,
current and salinity in the vicinity of oyster recfs,
Minor changes in any one of those environmental
factors could be disastrous to oyster populations,

Salinity

Oysters arc found in waters with a wide range
of salinity but are more abundant in waters rang-
ing from 10 to 20 ppt. Seasonal variation in salinity
is a characteristic of waters inhabited by oysters
and is an important environmental factor for
oysters. Prolonged periods of low salinity seri-
ously affcct oysters in Mobile Bay. The Alabama-
Tombigbee river system, which drains into Mobile
Bay, flooded 27 times (rom 1893 to 1929 with the
floods lasting from 4 to 31 days. Galtsoff (1930)
reported that mortalities in 1929 ranged from
100% in the upper bay 10 54 to 85% in the lower
bay and 1929 and 1930 landings were the lowest
recorded since 1888, Oystermen reported that the
1912 spring floods killed a majority of the oysters
in Mobile Bay, Portersville Bay, and near Cedar
Point (Nelson 1914). Many oysters were killed in
1913 by freshwater on the reefs around Cedar
Point (Alabama Department of Conservation,
Annual Report, 1952-1953). The extent of the
damage caused by the 1961 flood was not well
documented, but there were mortalities (Alabama
Department of Conservation, Annual Report,
1960-1961). The 1962 harvest was the lowest
since 1934, The effects of 1970 and 1971 floods
were studied by May (1972). He reported that the
1970 mortalitics ranged from 26 to 76% and werc
followed by a spat failure. The floods between
December 1972 and June 1973 resulted in heavy
oyster mortalities in Mobile Bay; those mortalities
ranged from 29 to 85% on individual reels and
averaged 42% for all reefs. Heavy siltation from
those floods destroyed 101.2 ha (250 a) of oyster
recf, Data on the duration and frequency of floods
in Mobile Bay are given by Gamble (1965) and
U.S. Army Corps of Enginecrs (1963).

Although fleods occasionally have resulted in
mass mortalities, thcy have caused relatively
little long-term damage to oysters in Mobile Bay,
The benefits of the fresh water, such as control
of diseases and predators and input of nutrients
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may alleviate these losses.

Natural, long-term shifts in salinity have
drastically affected the distribution of oyster
reefs in Mobilc Bay during the past 5,000 yr
{May 1972). Many extinct reefs are buried in upper
Mobile Bay. Recfs that exist in areas of marginal
salinity (Whitehouse, Hollingers Island, Great Point
Clear and Klondike reefs) may be the next casual-
tics of the encroaching fresh water resulting from
the southward advance of the Mobile Delta.

Any substantial increase in the amount of fresh
water could result in the destruction of marginal
reefs and the addition of new reefs to that marginal
category. Any project which could increase the
amount of fresh water entering the Bay should be
examined for the potential damage it may inflict
upon the Mobile Bay oyster population.

Digsolved Oxyagen

Dissolved oxygen (DO} is 2 vital component of
all aquatic systems, but is possibly unique in its
role in Mobile Bay. Periodic oxygen depletions,
“jubilees,” occur in Mobile Bay and were recorded
as carly as 1867,

Oysters are resistant to complete oxygen deple-
tion for up to aweek (Von Brand 1946); however,
oxygen depletion over the reefs for a considerable
period of time will kill them. At DO concentrations
less than 1.0 ppm, and at a temperaturc of 17C
(63F) and a salinity of 25 ppt oysters can survive
for up to five days (Sparks et al. 1957). Low DO
killed oysters on Point Clear Reef from July 27 to
August 6, 1971. Seventy-nine ha (195.2 a) of reel
were affected and an estimated 2,653,000 oysters
died {(May 1971). Oyster deaths from unknown
causes have been reported in the past summers
(Alabama Department of Conservation, Annual
Reports, various years; May 1968). The puzzling
circumstances of some of these die-offs suggested
a cause other than disease or an associated cause
{May 1971; Beckert ct al. 1972}. The mortalities
that vccurred in August 1967 on the reefs of upper
Mobile Bay and on planted beds in Bon Secour Bay
were probably due to oxygen depletion rather than
disease. Low oxygen levels may be responsible for
the lack of consistent production of the recfs of
Bon Secour Bay. Extensive oxygen depletion
occurred in July and August 1971 with values of
1.0 ppm or below for 75% of that period. During
that depletion 22,654.7 ha {155,980.4 a) had DO
concentrations of 1.0 to 0.0 ppm (May 1973). Two
jubilees occurted in Billy Goat Hole off Dauphin
Island on July 8, 1977 and August 2, 1977. An ex-
tensive oxygen depletion was checked in westem



Mobile Bay on August 19, 1977. The area involved
included Whitehouse Reef which has been in poor
shape since 1970, A large portion of eastern Mobile
Bay and westem Bon Secour Bay experienced
oxygen depletion during July 1978,

Stagnation of water has been shown to depress
oxygen in other shallow bays (U.8. Department of
the Interior 1969, 1970). Except when the water is
moved by wind or current waters with low DO are
restricted to depressions along the bottom. De-
pressions in Mobile Bay were created as a result of
natural scouring and dredging of the ship channel
(May 1973). Dredgingof the channel and deposition
of the spoil along both sides of the channel formed
baffles which alter the circulation and water ex-
change in the Bay thereby increasing the possibility
of water stagnation in certain arcas, Until the
circulation of Mobile Bay and its rclationship to
the bottom topography are fully understood, the
cause of the depressed oxygen level will not he
positively tdentified.

Predators

The southern oyster drill, Thars haemostoma,
is the most important predator in Mobile Bay, but
that has not always been the case, The black drum,
Pogonias cromis, was the most destructive predator
in the late 1800%. A school of drum could move
onlo a reef and cat many oysters regardless of size,
which prompted some lease holders 1o place brush
or fences around their beds to keep the drum out.
Some unknown factor, possibly the widening of
Petit Bois Pass in Mississippi Sound resulted in a
salinity change that permitted the drill to become
the mast serious threat (o the oyster population,

The oyster drill population, which has been
known to have numerical supremacy over oysters
on some reefs (May 1971), can be controlled by
two methods of which only one is uscd. The method
utilized by oystermen is hand separation of drills
from their catch followed by the deposition
of the drills on dry ground. The other method,
placing stakes in the water, attracts the negatively-
geotactic, spawning drills and tending the stakes
from May through June permits the removal
of cggs thus reducing the number of fature drills,
This is the only method available for reducing the
distribution of the drill over wide areas and it is
ineffective at best, The drill larva is unique among
boring gastropods in that they are plankionic and
thus dispersed by water currents, Once the larvae
leave the egg cases the hand-picking method must
be employed.

Drill populations are naturally controlled via

floods. Drills cannot survive long periods in water
less thun 15 ppt salinity. When freshets oceur,
the drills burrow into the mud and await the returm
of more saline waters. If the freshet is of sufficient
duration, the drills will die. This is the most ef-
fective method of control at this time,

Three other predators take their tol] but are
not as noticeable. They are mud crabs (family
Xanthidae), blue crabs (Callinectes sapidus) and
oyster leeches (Stvlochus ellipticus),

Three species of mud crabs oceur in Mobile
Bay (Eurypanopeus depressus, Panopeus herbstsi,
and Menippe mercenaria). The last species, M,
mercenara or stone crab, is the most destructive to
oysters, but farlunatcly the least abundant in
Mobile Bay. An adult stone crab can cat 15 times
4s many oysters as a drill. The most abundant mud
crab is K. depressus (May 1974). McDermott (1960)
studied the role of mud crabs as predators and
Hoese (1964) examined the crab’s relationship to
the transmission of protozoan disease, “Dermo™ or
Perkinsus marinus (syn. Dermocystidium marinum).
Haese concluded from his studies that mud crabs
PIcy on spat and may be vectors in the trans.
mission of certain oyster diseases by eating weak or
dying adults infected with the discase,

Blue crabs prey mostly on oysters less than
25 mm in size, Posing 4 serious problem ta leases
if hatchery-reared sced oysiers are planted. Blue
crab predation on cultchless oyster spat, those set
on plastic sheets as opposed to on shell materials,
resulted in mortalities of 79 (o 99% within onc
month of planting (Krantz and Chamberlain 1978),
The Alabuma Marine Resources Laboratory is
currently conducting a study on planting hatchery-
reared spat on reefs in Bon Secour Bay. The spat
were planied in mid-December 1978 with the idea
that lower water temperatures will reduce the rate
of blue crab predation.

The oyster leech, Stylochus ellipticus, a polyclad
Matworm, is casily overlooked but preseats a
problem since the oyster is unable to eject the worm
by rapid closure of its valves. Overstreet (1978) re-
ported that adult oysters attacked by oyster
lecches also harbor an infection of “dermo.”

Diseases

The most destructive disease to an Alabama
oyster population is “dermo” caused by the pro-
tozoan, Perkinsus marinus ( formerly referred to as
a fungus, Dermocystidium marinum), That disease
is usually present throughout the year and may be

transmitted by crabs, leeches, or by planktonic
reproductive units. Oysters are most susceptable to

194




“dermo” during the summer when the waters are
warm and salty. Mortalities by unknown causes
occurred in 1942 (Alabama Deparument of Con-
servation, Annual Report, 1943-1944). “Dermo”
was listed as the cause of mortalities in the sum-
mer of 1955 {Alabama Department of Conserva-
tion, Annual Report, 1954-1955). A die-off
encompassing Whitehouse Reef and the castern
shore from Point Clear 1o Boun Secour River
occurred in August 1967. Mortality was 73 to
98% on 1,214.1 ha (3,000 a} of natural and pri-
vate bottoms (May 1968). Buovy Rcef oysters
sustained 99% mortality over 40.5 ha (100 a)
within a few wecks in September 1968, Ten to
20% of the oysters on Cedar Point Reef died
during August and September 1968. The oysters
tested during that period had a high incidence
of “dermo” {Beckert ct al. 1972). “Dermo” poses
an ever present threat since there is no warning
when it will strike and the resulting die-off is
swift. Nothing can be done when it occurs,

A digenetic trematode {Bucephalus sp.) also
infects oysters although it does not cause mor-
tality. It has a more subtle ¢ffect upon the oyster
population. Heavily infected oysters are castrated
and thus removed from the spawning population,
Hopkins (1957) stated that this parasite can
benefit the fishery because the oysters remain
fat during the summer. Bucephalus occurs in low
salinity waters so the major reefs in Mobile Bay
should not be affected.

Symbionts

The symbiotic “pests” of oysters are mostly
confined to the shell and if their numbers are great
enough the shell becomes brittle and weakened.
The symbionts include mud worms (Polvdora
webstert), burrowing sponges (Cliona celaig and €.
truitti), and burrowing clams (Diplothyra smithii).

The burrowing clam {D. smithii) is the most
interesting historically. Early literature referred
to the burrowing clam Martesia sp. Since Martesia
is a wood borer, the authors no doubt referred
to D. smithii. The burrowing clam also weakens
single valves rendering them useless as culich.
Engle (1945} reported many reefs sustained
destruction from burrowing clams. 1 fourd no
cvidence of this clam on any of the reefs in Mobile
Bay in 1978. The disappearance of this high salinity
clam is indicative of a mean salinity decrease since
1943,

Mud worms (P. websteri, a polydorid poly-
chacte) and burrowing sponges (Cliona spp.) both
weaken oyster shells by burrowing tunnels. When
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their incidence s high they will destroy the shell
making it unsuitable for cultch. While living the
oyster will continue to secrete new shell material
which keep the borers from breaking through. Mud
worms werc more common on oyster shell in
1943 than now. The sponge is still prevalent and
ts most common in Bon Secour Bay.

Overfishing

Overtishing has heen the rule in the Mobile Bay
oyster fishery. Ritter (1896) reported that excessive
fishing pressure caused the depicted conditions in
Bon Secour Bay, castern Mobile Bay and in the
Cedar Point vicinity. Galtsoff (1930) determined
that continuous fishing on the more accessible
reefs and the failure to replant shells resulted in
the depletion of some of the reefs. Nelson (1914)
and Engle {1936) stated that oyster dredges were
responsible for the depletion of some reefs. Many
factors influence the production of a reef, so
that exact cause of a depleted reef cannot be
determined.  Ritter (1896) and Moore (1913)
noted that in contrast to the depleted reefs some
reefs were overcrowded with oysters, indicating
underutilization of the resources; however, May
(1971) found no such crowding.

Cedar Point Reef, responsible for about 90%
of the Statc’s oyster landings, is being overfished,
certain arcas are depleted of all commercial stocks,
and little cultch remains for future spat fall.
Neighboring reefs, Sand and Buoy, support dense
populations of oysters that, if not harvested will
result in crowded conditions. Those recfs are not
as casy to harvest as Cedar Point Reef hecause they
are not always accessible and the water is deeper.

Industrial and Domestic Poliution

Sixteen municipalities and 27 industries, ex-
cluding farming and fishing industries, empty
their effluents into Alabama’s coastal waters
(Alabama Water Improvement Commission 1967).
Gallagher ct al. (1969) reviewed the effects of
pollution on shelifish harvesting in Mobile Bay
and found no oyster mortalities that were attributed
to pollution by organic or inorganic wastes, Al-
though the effects of specific pollutants on oysters
are reasonably well-documented, little is known
of their dispersion, concentrations and effects on
oyster populations in Mobile Bay. The anticipated
increase in industrialization of the Mobile and
Theodore arcas will likely create problems for the
oyster fishery in the future,
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Bigure 2. Arcas Permanently Closed (o Oyster Harvesting
by the Alabama Depariment of Public Health in Participa-
Hen with the National $helifish Sanitation Program Ad-
minlstered by the ULS. Department of Health, Education
and Welfare, Fuod and Drug Administration,

The most obwiows elfect of pellution is closure
ol areas Lo ayster harvesting, Fhe permanently
dined wea (Fig, 23 in Alubama covers aApproxi-
mately 29,947 ha (74,000 a); mcluded in this are
approximately 809 hi (200 4) of oyster reef, The
eved area indtudes Dauphia Iyland Bay, Oysier
By, el Hollingers Islusd Reel, Any vouthward
extension of the ddaste line would serivusly aflect
hasvesimg an the puldic yeels,

he Ababaing Depariment of Public Health
perotically closes 1he oyster reels in Mobile Bay.
Thome lemponuy  closures e necessitated by
Wereased  bactenad  counts it reselt from in-
credsed Lond sun ol f g the Bay, Prioy 10 1978,
the valitorm bactery count could not exceed
Homunt prohalle number (MPN) per 100 ml
andd not mare thay (409 exceeding 2 MPN of 250
per HH el for 4 [ive tube decimal dilution. A more
seler b starlard, median fecy) coliform value, was
mplemented s 1978, Tha method determines the
wWler gquality baged strictly on fecal coltforms and
Samples must ol exceed o MPN of 14 per 100 m!
with o anore 1hay 10% of the sample exceeding
A3 dn g D-tube three dilution test. Although a
lower AIRN used, the fecal coliform standard

allows  (he n open longer without
th.

-

rects 1o remaj

cndangening the puiic heal
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Reef closures are always associated w1t:h lo‘-;
salinity periods which YCSI‘JIL from ﬂoodlngt;;)e
the Alabama-Tombigbee river system. If
Tennessee-Tombighee Warterway increases fresh-
water influx, that increasc may Iengthen the
duration of closures.

FUTURE RESEARCH

Mobhile Bay Circulation

The planktonic nature of the oyster larvae
neeessitates understanding the circulation patterns
of the water in Mobile Bay. Knowing the possible
transportation routes of the larvac. would cnal?lc
the biologist to predict those arcas likely to receive
spat sets,

Knowledge of circulation patterns also w::)uld
aid in understanding the most limiting environ-
mental lactor for all life in Mobite Bay, the pockets
of low dissolved oxygen. The potential sites of
trouble could be located by correlating the circula-
tion pattern with botiom topography.

in d

A study of the seasonal distribution of oyster
spat and larvae is currently in progress by the
Alubama Marine Resources Laboratory. We should
know where the highest concentrations of setiing
larvac are in order 10 determine new potential
oyster bottoms for development as reefs or leases.
The data should also enable us 1o predict the ideal
time 10 plant shelis.

A similar swudy was conducted in 1967 which
analyzed the spat set (or 2 7-month period (Hoese
¢tal. 1972). The current spat study will cover three
years and help us understand the spal distribution
in Mobile Bay and the castern Mississippi Sound.

Population Monitoring

A conlinuous assessment of t
tion supplies the nee
cviduating the manage
undcrstanding the

he oyster popula-
ded background data for
ment of the reefs. Without
conditions of cach reefs
population, scund mdnagement practices cannot
be formulated. The appropriate  management
practices include shell planting, closures to main-
tain the population size, and size reductions.

This research is necessary for sound management
of the fishery,



0 Farmi f Rehabilitati

Oyster farming angd reef rehabilitation are
similar in that both establish, 4 population when
there was nonc previously, Whether an absence
of oysters 15 the result of 1o culich or a disaster,
hoth oyster farming and reef rehabilitation prac-
tices are destgned to establjsh a harvestable popu-
lation on unproductive bottoms. That may involve
shell planting, or seeding hotioms with young
aysters, The method of sceding the bottom with
young, hatchery-reared oysters js being attempied
by the Alabama Murine Resources Laboratory
to reestablish a spawning Population in Bon Secour
Bay.

MANAGEMENT PROPOSALS

Management of the oyster {ishery is oriented
primarily towards public reefs. The main thrust,
shell planting, depends on the stute legislature [or
funding. Management of the oyster fishery depends
upon a scll-sustaining systerm which allows routine
expenditures that are necessary for maintaining the
fishery.

Public Reefs
Shell Planting

Shell planting is the backbone of the oyster
fishery. The addition of shells to the reef supplies
the clean substrate necessary for spat setting. The
continued harvest of oysters results in a gradual
removal of shells available for the spat to set on,
thus the oyster population declines. Shell plantings
have not been regularly funded, and the 1979 plant-
ing will be the first since 1975 when funds were
provided by a grant from the National Marine
Fisheries Service following a natural resources
disaster (P.L. 88-309, 4b). Shell plantings, from
1976-1978 were cut from the Marine Resources
Division’s budget. In 1978 the legislature approved
the funding for a 1979 shell planting program.

Since shells should be planted on an annual
basis, an alternate source of funding should be
secured. One possible method is to lev_y a severence
tax on oysters landed in Alabama, similar to the
tax now used in Mississippi, Virginia and Maryland.
That would necessitate specified ports of entry
where the oysters would be sacked and tagged and

" the tax collected.
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The estimated cost of a cubic yard of shell is
$9.00 or $1.64 per barrel. Since 2 barrel of oysters
would yield less than a barrel of shell, a small tax
could be levied to raise the money for replacing the
sheil. A tax of $0.50 per barrel of oysters would
add $0.25 to the cost of a gallon of oysters. An
average landing of 453,600 kg {1.0 x 10° 1b} of oys-
ters would generate $28,500, which would help
sustain a shell planting program.

Relaying

Relaying is the transfer of oysters from closed
areas to open, approved areas for natural cleansing.
Relaying would be utilized for transferring the
oysters from permanently closed areas (Dauphin
Island Bay) to an area which is opened for oyster
harvesting. The ideal time for relaying would be
when the oyster reefs are clused because of bac-
terial pollution. When the reefs arc reopened the
relayed oysters should be cleansed and available
for harvest.

The financing of a relaying program would be
cxpensive. It would depend on the availability
of money and the abundance of oysters in the
closed areas. A possible relaying program could be
scheduled once every two vears thus allowing the
rect to return to 4 dense population before a new
relaying program is undertaken,

The priority of relaying, as a management
technique, should not supercede shell plant-
ing because rclaying only boosts the landing
temporarily. Long-term  benefits come  from
healthy populations in closed areas since their
spawn is distributed to the other reefs in the
vicinity where they attach to available culrch.

Closures for Stock Management

The history of overfishing some reefs and
underutilizing other reefs indicates the need for
shifting the fishing pressure from certain areas to
others. That could be accomplished by seasonal
closures. A small number of oystermen fish year-
round so a few reefs must be open all year, Reefs
:should be closed when the spat are setting but this
is not practical. Closing the most heavily fished
rt_ecfs from June through September would pro-
v1dc. a2 period of rest for those recfs while trans-
ff!'rl'lng the pressure to the other less heavily
fished reefs. Periodic closures should increase the
yield E?y distributing the fishing pressure and
protecting the spat on the most productive reefs,



Private Loases
Historic Background

Leascs were prevalent in 1914 covering 1,618 ha
(4,000 a) of state bottoms. Private leases decreased
10 26.2 ba (6.8 a) by 1942, The reason for the
decrease in leased acreage was stated by Engle
(1945:7):

“Fhere are many thousand acres of this bottom
that have been ased i the past but, due to
diffienltios tn settling estates, r(.’stﬁc:tinns on
the procurement of seed, . ... and discourage-
ment hraught about by prevailing lack of re-
spect far the property of athers, espectally when
that property consists of planted oysters, most
of 't hay e been abandoned.”

The Jast productive ledases were in Bon Secour
Bay in 1967 and their contribution 1o the oyster
Landing was  1R% by weight. Those leases were
vancelled because of the lack of seed oysters and
closure of Bon Secour Bay by the Alabama Depart-
ment ol Public Health,

One lease proposal was submitted {or state
bottoms west ol Little Duuphin Island. The lease
was rojected by the Ginvernor’s office because of
tocal apposition which appears 10 be the major
stumnbling black for future Jeases. The attitude of
the local oystermen is that the state should plant
cvery e capable of producing oysters rather
than leasing the bottems to individuals,

That plulosaphy of the state planting all pro-
ductive bottoms sounds good until the econom-
s of 1t we examined. There are 19,627.5 ha
(48,000 4) of bottom Tirm cucugh 1o support
oysteis in Mobile Bay (May 1971), Planting clam
shiells at the race of 255.6 m* fha (118 yd* fa) would
cost $2.024ha ($1,062/4). The cost to the state
lor planting those botioms would be $51,507,000,
The state could not suppont 4 planting program of
that magnitude, The only alternative for putting
these bottoms into production is through leases,
The most promising areas would be those in western
Mobile Bay. The key (o creating productive bot-
toms m castern Mobile Bay and Hon Secour Bay
s it locating ample seed oysters,

Public Seed Bads

The source of teed for leases could come from
histonically productive reefs that currently catch
spat but fail to produce harvestable oysters, White-
house Reel would be suitable for seed oysters,
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That reef receives a spat set but produces few
oysters because of mortalities resulting from spring
floods. If shells were planted in June, the sced could
be relayed to private reefs during November. The
cost of such a program should be the responsibility
of the lease holders who obtain their seed from the
public beds. A severence tax could be levied on the
volume of sced removed from the bed. McHugh
and Andrews (1955) rcported that one bushel
holds approximately 3,000 sced oysters of various
sizes. They ulso reported that only 1,000 10 1,200
seed oysters per bushel would survive the planting.
A bushel contains approximately 300 marketable
oysters. By assuming an annual mortality rate
of 52.2% (William Eckmayer, unpublished, Ala-
bama Marine Resources Laboratory) und one to
two years to obtain a marketable oyster, 90,488
sced oysters per hectare (36,653 per acre) would
be nceded to yicld a harvest of 9,884 oysters/ha
{4.000{a), which is the density of oysters on most
harvestable reefs in Alabama.  Whitehouse Reef
was used as a source ol sced oysters, there would
be enough seed oysters for only 47.7 ha (118 a).
Securing a sufficient quantity of seed oysters will
be the major obstacle to establishing a successful,
privatc oyster lease program.

All seed oysters should come from Alabama
or adjacent states because imported seed oysters
could introduce parasites, predators, commensals
and diseases which are not preseni in Mobile Bay.
The use of public seed beds for supplying private
lcases would benefit the entire fishery by pro-
ducing more oyster larvae when the oysters on the
lease spawn, The increase in larvae could result in
heavier sets which could produce more oysters on
the public reefs in the Bay.

SUMMARY

. There has been a southwesterly shift in the
location of the productive oyster reefs in
Muobile Bay accompanied by a consolidation
of the southern reefs thereby maintaining a
constant acreage,

2. Bon Secour Bay oyster reefs were depleted
through overfishing. The spat set in that bay
is extremely low and insufficient for the
reefs to recover. As an area for private leases
the Bay may be useful if an ample supply of
seed oysters can be obtained.

3. The future of the oyster fishery will depend-
on the amount of {reshwater entering the
Bay, the frequency and extent of oxygen
depletions and the extent of domestic wastes
discharged near shellfish areas.



4. Shell planting, relaying oysters from polluted
watcrs and selective closures to control fishing
pressure are unecded to manage the oyster
fishery.

5, The future of a lease program depends on the
development of a sced oyster program and
overcoming the prevailing attitude of the local
oystermen,
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SHRIMP ASSESSMENT AND MANAGEMENT IN THE MOBILE ESTUARY

Stevens R. Heath
Marine Resources Division
Department of Conservation and Natural Resources
Post Office Box 188
Dauphin Island, Alabama 36528

ABSTRACT

The shrnimp fishery 1s cconomically the most
important commercial fishery in Alabama, The
Mobile Bay estuarine system comprises 72% of the
estuarine area of Alabama and is extremely im-
portant, because 99% of the shrimp caught in and
adjacent to Alabama are dependent upon estuaries
for a part of their life. Fifteen species of shrimp are
found in the Mobile Bay estuarine system, but only
brown shrimp, Penaeus aztecus, white shrimp, P
setiferus, and pmk shrimp, P. duorarum are of
commercial value. Pink shrimp occurs only spor-
adically and amounts to less than 1% of the total
landings. The white shrimp was the major species
caught in Mobile Bay until 1945 but by 1959 the
brown shrimp had eclipsed 1the white shrimp as the
major specics. [n 1976 an estimated 15% to 25% of
the total shrimp catch from the inside waters of
Alabama was taken by 16-foot trawls. Peak immi-
gration of brown and white shrimp postlarvae is in
March to April and June to September, respective-
ly. Emigration is greatest in June and September
for juvenile brown and white shrimp, respectively,
The primary limitation on the size of shrimp stocks
appears to be environmental. Alabama has regulat-
ed its seafood resources since 1911 and the present
shrimp license schedule was set in 1921, Alabama’s
shrimp assessment and monitoring program was be-
gun in 1967 and was greatly expanded in 1977,

INTRODUCTION

The shrimp fishery is economically the most
important commercial fishery in Alabama. In 1977
it comprised 72% of the weight and 91% of the
value of the total Alabama seafood landings. Al-
though the percentage of Alabama’s shrimp landings
from Mobile Bay declined from 18% in 1964 to 5%
in 1976, catch per trip has rcmained almost con-
stant. Mobile Bay and the Mobile Delta encompass
113,917.2 ha (284,793 a) of estuarine area; 72% of
the total estuarine area of Alabama (Crance 1971).
This area is extremely important because 99% of
the shrimp caught both inshore and in the Gulf of

Mexico adjacent to Alabama are dependent upon
the estuarine environment for part of their life
cycle.

Although 15 species of shrimp are found in
Mobile Bay and the Mobile Delta (Table 1), only
white shrimp, Penaeus setiferus; brown shrimp, 2.
aztecus; and pink shrimp, P. duorarum are of com-
mercial value. Pink shrimp are found only sporad-
ically in Mobile Bay and make up about 1% of the
landings (Gulf Coast Shrimp Data, various years).

Table 1. Shrimp Specics Occurring in the Mobile
Estuarine System {Swingle 1971).

Common Name Scientific Name

Brown shrimp Penaeus artecus Ives

White shrimp Penaeus setiferus Linnaeus
Pink shrimp Penaeus duorarum Burkenroad
Sea bob Xiphopeneus kroyeri Heller

Sergistid shrimp Aceles americanus Ortmann

River shrimp Macrobrachium ohione Smith
River shrimp Macrobrachium acanthurus Wiegmann
Hardback shrimp  Trachypenaeus simiiss Smith

Hardback shrimp  Trachypenacus constrictus Stimpson

Rock shrimp Sicyonia brevirpstris Stimpson
Reck shrimp Sicyonia dorsalis Kingsley
Grass shrimp Palaemonetes pugio Holthuis
Grass shrimp Palaemonetes vulgaris Say

Grass shrimp Palaermnonetes paludosus Gibbes

Snapping shrimp Alpheus heterochaelis Say

This paper will deal primarily with brown and white
shrimp, which arc heavily fished by the inshore
fishing fleet during April and June to October. In
1974, 127 boats weighing less than 4.5 mt {10,000
Ib) and 437 vessels over 4.5 mt were registered in
Alabama. Almost none of the Large vessels fish in the
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aters. . ‘
ms"!j’ZrT:;lc;icc surveys of the shrimp in the M;)Eél;
c¢stuarine system have been conducted from -
to 1977, A regular program nf‘asscssm‘cnt an
maonitoring was established for this arca-In 197.?.
Landings for Mobile Bay have been teported sep-
arately since 1963 (Table 2).

HISTORY OF THE FISHERY

Commercial Fishery

Shrimp lishermen were active in Mobile ‘Bay
before 1880. Shrimp were harvested by haul seines

unttl the otter trawl was introduced along the Gulf
Coast in 1915, Haul seines were still common in
Alabama until 1948 (Swingle 1971). White shrimp
was the major species caught in Mobile Bay until
about 1945, Brown shrimp landings increased after
white shrimp declined during 1945-1959 (Locsch
1965). In 1976 brown shrimp comprised 70% of
the landings from Mobile Bay. Although the shrimp
landings for Mobile Bay declined from 1963 to
1976, the catch per trip remained relatively con-
stant, The decline in 101al landings is attributed to
a shift in the fishery from small inshore boats to
large offshore vessels (Table 2). The commercial
shrimp harvest in 1973 was one of the lowest in
several years because of severe flooding.

Table 2. Shrimp Fishery Statistics for Mobile Bay, Alabama, 1963-1976. {(Modified Irom Swingle 1976, 1977
and From Gulf Coast Shrimp Daia and Fisherics Statistics of the United States - U.S. Department

of Commerce )

Nao. No. Landings ) No. Catch/trip
Year Hoats Vessels (heads-off 1b)Y Trips {heads-off 1b)
1963 247 247 1,486,638 2,819.0 5273
1964 231 230 775,246 2,144.0 361.6
1965 206 295 683,713 1,158.8 530.0
1966 209 366 640,310 1,742.0 367.6
1967 174 397 1,080,067 2,247.0 480.7
1968 139 467 873,436 2,077.5 4204
1969 179 506 632,929 2,112.0 299.7
1970 149 448 459,637 1,565.0 295.7
1971 169 456 353,970 975.0 363.0
1972 179 451 462,127 1.159.0 398.7
1973 56 550 221,626 965.0 229.7
1974 ¥3i 439 379,733 997.0 930.7
1975 NAP NA 498,196 923.0 539.8
1976 NA NA 550,259 1,517.3 382.4

Aoty 1 kg

1Ly .
m wvmilable

Bait Fishery

Data are sot avdilable on the present number
ol live-bait-shrimp  fishermen working in Mobile
Bay. Loesch (1957) reported that 7.99 mt (17,415
Ib) i bait shrimp were caught from the Mc;bile
Deltie during an cxperimental upen season in the
fall of 1956, Twenty-nine bona fide live-bait deal-
LTS were operating in Alabama in 1968, These fish-
ermen sold approximately 22.73 my {50,000 1b) of
live and dead shrimp as bait (Swingle 19,72). Of 40

live-bait dealers, who bought licenses in Alabama
during 1977-1978, 10 operated in Mobile Bay, The
rest of the deualers probably fished in Mobile Bay
part of the time. Bait shrimp landings since 1968
are not available.

Recreational Fishery

Anyone can shrimp for bait in the waters of
Mobile Bay at any time except in those areas per-
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manently closed to shrimping (Fig. 1). People
shrimping for bait are limited to 2.3 kg (5 1b) of
shrimp {no siz¢ limit) per person or a maximum of
6.8 kg (15 Ib) per boat containing three or more
persons per day in areas closed to commercial
shrmping. In areas open to commercial shrimping,
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Figurc 1. Areas Permanently Closed to Shrimping in Mobilc
Bay, Alabama and (*} Sampling Stations for Current
Shrimp Assessment and Monitoring Program.

people are allowed 11.3 kg (25 1b) per person per
day of shrimp larger than 68 shrimp to the pound
heads-on. No license is required for a trawl mea-
suring 4.9 m (16 feet) or less along the cork line,
provided no shrimp are sold. The actual number of
recreational trawls now In use in Mobile Bay is not
known. Because no license is required, it would be
difficult to obtain estimates of the number. How-
ever, a survey conducted from 1972-1974 by
Swingle et al. (1976) cstimated that 4,961 rec-
reational trawls were used to catch 125.93
{277,051 1b), 92.99 t (204,577 Ib), and 132.06 t
(290,541 Ib) of shrimp in 1972, 1973, and 1974,
respectively. The survey indicated that 35.5% of
the respondents launched boats most often in the
Mobile Bay area. In Mobile County, 50.3% of the
respondents used their shrimp for bait and 49.7%
for food. In Baldwin County these values were
11.3% and 88.7%, respectively. Swingle et al
(1976) also estimated that 15% to 256% of the total
shrimp catch for the inside waters of Alabama was
taken by 16-foot trawls. Although no statistics are
available on recreational landings in the Mobile Bay
area since 1974, it is suspected that the number of
fishermen, landings and effort have risen substan-
tially since that time.

LIFE HISTORY

Brown and white shrimps have similar life cycles
{Christmas and Etzold 1977) . Both species spawn
offshore. Larvae undergo several molts as plankton-
ic larvae, metamorphose into postlarvae (shrimp less
than 25 mm {0.98 in) , total length) and appear in
inside waters at about 9 mm (0.35 in} total length
(Fig. 2). Loesch (1965) indicated that postlarvae
are less than a month old when they appear in Mo-
bile Bay. Christmas and Etzold (1977) indicate
that shrimp spawned in late summer and fall may
overwinter in the Gulf of Mexico. The growth rate
of these shrimp during the early life stages is very
slow and they enter the bay as postlarvae the fol-
lowing spring. Postlarvae shrimp immigrate to the
bayous and marshes along Mobile Bay where they
find protection and grow rapidly on the abundant
detrital food supply. Juvenile shrimp {more than
25 mm (0.98 in) total length) move into the open
bay prior to their emigration to the Gulf of Mexi-
co, Emigration lasts several months, and during
this period shrimp are fished heavily by inshore
fishermen. Shrimp become sexually mature during
cmigration and those that escape capture return to
the Gulf of Mexico to spawn.

Figure 2. General Lifc History of a Shrimp: (a) Shrimp
cggs, (b) Nauplius Larva, {c} Protozoea, (d) Mysis, () Post-
larva, (f) Juvenile Shrimp, (3) Adolescent Shrimp, (b} Mature
Adult Shrimp.

Brown and white shrimps differ in seasonal mi-
gration patterns. The peak spawning period for
brown shrimp is in December and January. Brown
postlarvae appear in inside water from February
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through May and sometimes as late as f&ugl._lst. 'I_‘hc
peak month of white shrimp posllarva!: immigration
is July and immigration usually continues throu_gh
August. Emigration of white shrimp usually .begms
in August and continues through October with the

peak in September.

DISTRIBUTION CF SHRIMP IN MOBILE BAY

Locsch (1965) found more shrimp in the west-
ern half of Mobile Bay than in the eastern half. He
found small brown shrimp less than 20 mm (0.79
i) total length in greatest abundance in water less
than 1.22 m (4 {t) deep. Abundance decreased with
depth, Small white shrimp were in greatest abun-
dance in water less than 0.61 m (2 ft} decp. A sim-
tlar dlistribution of brown and white shrimp occur-
red also in samples taken in Mobile Bay in 1977 to
1978 (Stevens R, Heath, unpublished, Alabama
Marine Resources Division, Dauphin Island, Ala-
biuma) . Juvenile brown shrimp appear later in Mo-
bile Bay than in other inside waters of Alabama.
Juvenile white shrimp appear generally north of the
Intracoastal Waterway in July and August but in far
greater numbers in upper Mobile Bay (Stevens R,
Heath, unpublished, Alabama Marine Resources
Division, Dauphin Iskand, Alabama) . This gencral
distribution probably is determined by the salinity
regime of the bay,

FACTORS INFLUENCING
SHRIMP PRODUCTION

Shrimp are considered 10 be a yearly crop,
There is no apparent relationship between the
spawning stock and the subsequent population
aviilable for harvest at the present rate of exploita-
ton. Overflishing shrimp stocks to the extent that
spawning stock is reduced to a level below that
NECessaEy to maintain the population does not
Appear cconomically feasible, The population size
lrom year to year seems 1o be controlled more by
vuvironmental factors than exploitation, As previ-
owsly mentioned the catch per trip has remained
relatively constant over the past 14 years. Several
environmental factors can affect the available pop-
ulation of shrimp in a given year.

Poliution

, \ .
Pollution from cither domestic, industrial, or
agncultural wastes, if present in high enough con-

centrations, could decrease shrimp stocks or ren-
der them unfit for human consumption (Butler
1966; Kutkuhn 1966; Nimmo and Bahner 1974) .
There is no record of contamination of the shrimp
stocks in Mobile Bay, although the delta was closed
to commercial {ishing north of Battleship Parkway
from 1970 until 1971 because of mercury contam-
ination of fish. However, shrimping is not allowed
in this area because of the large percentage of small
shrimp in the area throughout the year.

Hydrology

More rescarch is needed concerning relation-
ship of shrimp to their environment. Based on data
collected to date, the shrimp population from year
1o year is greatly affected by the hydrologic condi-
tions in the system (Kutkuhn 1966) . Several in-
vestigators have presented information on the ef-
fects of salinity and water temperature on the be-
havior and survival of brown shrimp (Barrett and
Gillespie 1973; Gunter et al. 1964; Venkataramiah
et al. 1974) . Akhough the results of these studies
cannot be directly applied to white shrimp, the ef-
fects are probably similar. The optimum salinity
and temperature ranges differ between the two
species,

Barrett and Gillespie {1973) found that water
temperature after April 8 can be the dominant fac-
tor in shrimp survival in inshore waters of Louisi-
ana. They found that if the water temperature is
below 20°C{68°F) for more than 33 hours after
April 8, then temperature becomes the deciding
factor in survival of young shrimp. However, if the
duration is less than 33 hours then other factors
such as salinity and food availability become dom-
inant. Venkataramizh et al. (1974) found in labor-
atory situations that survival and behavior of brown
shrimp werc affected greadly by water temperature
‘ind salinity in combination. The salinity and tem-
perature to which the shrimp were initially accli-
mated had a definite effect on the range of salinity
tolerance. Postlarvac survived higher salinities and
juveniles survived lower salinities but the optimum
salinity range for growth and survival appeared to
be 8.5 10 17 ppt. Gunicr et al. (1964} suggested an
optimum salinity range of 0.5 to 10.0 ppt for white
shrimp during periods of rupid growth. The rate of
change of salinity and temperature is also an im-
portant factor in the range of salinity tolerance
(Venkataramiah et al. 1977). Situations such as
flooding in Mobile Bay can have an extremely detri-
mental effect on the shrimp population of that sea-
son. The effect of hydrologic conditions is reflected
both in number and distribution of shrimp in Mo-
hile Bay.
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Although Swingle (1971) found shrimp in water
with an average monthly temperature range of 10.9
to 30.5°C (51.6 to 86.9°F) und salinities from 0.2
to over 30,0 ppt, the greatest catch per unit effort
(CPUE) for juvenile brown shrimp from January
1968 through March 1969 was at a combination of
30.0 to 34.9°C (86.0 to 94.8°F) and 2.0 to 4.9 ppt
salinity. The greatest CPUE for juvenile white
shrimp over the same period was at 15.0 to 19.9°C
(59.0 to 67.8°F), and 25.0 to 29.9 ppt. Heath (un-
published, Alabama Marine Resources Division,
Dauphin Island, Alabama) collected shrimp in sa-
linities from 1.0 to 30.0+ ppt and temperatures of
15 to 30+C (59.0 to 86+°F). However, the greatest
CPUE for juvenile brown shrimp from April 1977
to September 1978 was at a combination of 0 to 4
ppt and 30+°C (86+°F). The greatest GPUE for juve-
nile white shrimp was at 0 to 4 pptand 25.0 to 29.9°
C (77.0 to 84.2°F}). The difference in the optimum
salinity for white shrimp reported by Swingle and
Heath was probably attributable to the location of
the sampling stations in the respective surveys.
Using Swingle’s (1972} length-weight conversion
for white shrimp, the mean count for white shrimp
in Swingle’s (1971} greatest CPUE was 33. The
mean count for white shrimp in Heath’s (unpub-
lished, Alabama Marine Resources Division, Dau-
phin Island, Alabama) grcatest CPUE was 171.
Shrimp move into deeper water as they grow and
the majarity of Swingle’s (1971) samples was taken
in deeper water.

Data collected by Loesch (1976) in 1953 w
1955 in Mobile Bay showed that in general larger
shnimp were found in the lower, more saline portion
of Mobile Bay while shrimp became smaller toward
the upper end of the bay, less saline areas. He also
found that thc preferred salinity range of brown
shrimp depended on the water temperature. From
April to October when water temperatures were
lower, brown shrimp were common in salinities
from 5 to 30 ppt, but from Novernber to March
with warmer water fcmperatures, the Tange was re—
duced to 10 to 15 ppt. During warmer months
white shrimp were most plentiful in water bclow
15 ppt salinity. During cooler months white shrimp
were not plentiful at any stations, and no recogniz-
able relationship with salinity was found.

The effect of dissolved oxygen (DO) content
seems to depend on the extent and duration of the
values. Brown shrimp held in ponds with DO con-
centration of 2 ppm showed definite signs of stress
while those held at 4 ppm did not (Broom 1971).
Juvenile shrimp 55 mm (2.17 in) total length died
at a lower mean lethal dissolved oxygen {LDO)
level than subadults 91 mm (3.58 in) total length
in 10 ppt salinity (Kramer 1975) . Sudden salinity

changes causcd variation in the LDO levels for juve-
nile shrimp but not for subadults. Kramer con-
cluded that LDO levels for brown shrimp are size
dependent and affected by temperature and salini-
ty. Heath (unpublished, Alabama Marine Resources
Division, Dauphin Island, Alabama) found shrimp
in water with DO content varying from 1.0 to 14.9
ppm. Shrimp obtained in samples with DO values
below 4 ppm probably were in transit through or
out of the area. Shrimp probably arc able to avoid
extremely low DO concentrations by moving
through or out of the areas of extreme oxygen de-
pletion unless these areas are extensive. A lower
shrimp production may result from the loss of these
areas to shrimp utilization, The ability of shrimp to
withstand z particular DO level would be influenced
by the temperature and salinity of the water in-
volved. Research is badly needed to determine the
frequency of occurrence, extent and duration of
these areas of low DO in Mobile Bay.

While certain environmental conditions are be-
yond human control, other activities under human
control can alter the environment significantly. Sa-
linitics within Mobile Bay are influenced greatly by
the amount of river discharge, therefore, potential
impact of projects altering the normal river dis-
charge, upon salinity should be considered. Chan-
nelization can produce changes in the circulation
regime of Mobile Bay and thus modify the salinity
due to a change in the mixing of the Gulf and river.
ine waters. Temperature could be influenced by
thermal effluents from industrial development along
the bay. Because of the number of variables in-
volved and the complexity of their interactions, a
much broader data base is needed to determine the
amount of change than can be imposed upon the
system without deleterious effects upon the shrimp
populations,

Habitat Destruction

Habitat destruction is one of the most adverse
influences man can have on the shrimp populations
in Mobile Bay. Some of the most important habitat
is the marsh area fringing the Mobile Bay system.
Shrimp are extremely dependent upon the marshes
for sustenance and protection during the early por-
tion of their lives. Barrett and Gillespie (1975}
showed a corrclation of the amount of nursery
ground (salinities 10 ppt and above) available in
April and May with subsequent brown shrimp
catches. Commercial penaeids become less depen-
dent upon the marshes for habitat as they mature
but continue to depend directly and indirectly upon
marshes for sustenance. Many specics of shrimp
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which are not harvested commercially spend tl'}eir
entire life within the marsh habitat, and are im-
portant to the food web of the estuarine system.
Projects that eliminate marsh areas or at'ivcrse]y
alter salinity, temperaturcs or currents within these
areas must be avoided if the integrity of the estu-
arine ecology is to be protected andfor enhanced.

MANAGEMENT AND RESEARCH
History of Management and Research

Commercial landings for Alabama were first re-
corded in 1880 by the United States Department
of the Interior but were taken only periodically
until 1948, Landings were not reported separately
for Mobile Bay until 1963 (United States Depart-
ment of the Interior 1963),

The State of Alabama has regulated the shrimp
fishery since 1911 (Table 3) when the Alabama
Oyster Commission was formed and given authori-
ty to control the state’s seafoods. The authority to
regulate seafood resources was passed to the Ala-
bama Department of Conservation in 1919 and has

remained with that agency. The Alabama Seafoods
Division was established in 1951, In 1921 the first
licensing schedule was set for shrimp boats and
trawls. That schedule is the same sct of feeg used
day although the costs of managing the Tesource
and the value of the product have increased Many
fold. The legal sizc for commercial shrimp was set
at 40 per .45 kg (1 pound) (heads-on) in 193
and changed to 50 per pound in 1963, The present
legal size or “‘count” was set at 68 per pound (heads.
on} in 1967 to conform with the count law in Mis-
sissippi thus improving coordinated managemen
between the two states, In 1940 a law was passed
prohibiting shrimping north of 4 line from Arling-
ton Docks in Mobile, Alabama to the community
of Daphne, Alabama in Baldwin County, The mea.
sure was imposed to protect small shrirnp in that
area. In 1847 the areanorth of the line to Battleship
Parkway (Fig. 1) was opened to bait shrimping
and a bait-shrimp dealers license was established. In
1962 a regulation was promulgated which limited
the length of net towed by a shrimp boat in Mobile
Bay to 15.2 m (50 fect} measured along the cork
line. This regulation provides an equitable alloca-
tion of shrimp stocks.

Table 3. A Partial History of Shrimp Management in Alabama,

1880 ~ First statistics reported on Alabama Landings.

1911 — First Alabama QOyster Commission given jurisdiction over all seafoods,
1919 — Department of Conservation given authority to regulate seafoods,
1921 — First licensing schedule for shrimp boats and trawls established.

1931 — legal size of shrimp set at 40 per pound with heads on,

1940 - Shrimping prohibited north of a line from the Arlin,
County.

gton Docks in Mobile to the community of Daphne in Baldwin

1947 - The area north of the Arlington Docks to the causeway was opened to bait shrimping.
1948 - Regular annual reporting of landing statistics for Alabama,

1951 — Alabama Scafoods Division established,

1962 - Regulation promulgated limiting the amount of net that could be pulled by a shrimp boat in the inside waters of

Alabama to 50 feet measured along the cork line.

1963 ~ Statistics reported for Mobile Bay landings scparately.

1966 - The first biclogist was hired by the state to i
- The legal size of shrimp for commercial p
toring program was begun,

1977 - The present ¢xpanded shrimp assessment and monitering program was begun.

In 1966 the first biologist was hired by the Ala-
bama Depariment of Conservation and Natural Re-
sources, Marine Resources Division, 1o oTganize a
staff of hiologists to study fish, shrimp and oysters,
Although sume studies were conducted through
contracts with university personnel prior to 1966,
little was known about the commercially important
scafood resources in Alabama, Alabama did not

have a complete monitoring and assessment program
aimed specifically at shrimp until 1977, Except for
surveys of the bait and 16-foot trawl shrimp fisher-
ics, the only shrimp data collected from 1966 to
1977 was incidental 1o surveys for marine organisms
in general or was performed to aid in setting shrimp
seasons in Alabama. Since 1977 an expanded shrimp
monitoring and assessment program for Mobile Bay
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has been in effect. The expanded program provides
twice-monthly sampling from March to Qctoher
cach year and once per month during November to
February. The stations sampled are indicated in Fig-
ure k. Other supplemental stations are sampled ir-
regularly to provide knowledge of specific problem
areas. Bottom temperatures, salinity, and dissolved
oxygen data are recorded with cach sample. Data
generated from this program have enhanced the
management and regulation of shrimp stocks.

A shrimp tagging program was concluded in the
fall of 1977 (Heath, unpublished Alabama Marine
Resources Division, Dauphin Island, Alabama).Two
thousand white shrimp raised in ponds at the Claude
Peteet Mariculture Center in Gulf Shores, Alabama
were tagged and released in Mobile Bay. To date 12
tags have been returned, and although this percent
return may appear small, the information gained
was uscful, The pond-raised shrimp mixed with the
wild stocks of white shrimp, and a general move-
ment into the Gulf of Mexico, with some westward
movement, was indicated. One tagged shrimp was
captured ncar Deer Island, Mississippi in August
1978, 283 days after its rclease. It had grown 69
mm (2.7 in). The greatest growth of a tagged
shrimp was 79 mm (3.1 in) after 232 days.

Recommendations for Research and Management

A number of measures are needed to improve
the general knowledge and management of shrimp
in Mobile Bay. The work will require a great deal
of support from the State of Alabama. Needed re-
search has been delayed by a lack of legislative ac-
tion, money, manpower, and public support.

The license schedule for all fisheries resources
in coastal Alabama should be increased to bring the
fees into the realm of reality based on today's econ-
omy. Fee increases require legislative action and
public support. A license should be established for
recrcational shrimp trawls to provide an estimate
of recreational fishing pressurc exerted on shrimp
stocks, The increased revenue that could be derived
from increased license fees would provide the nec-
essary funds for sound management and research.
Presently the Marine Resources Division of the Ala-
bama Department of Conservation and Natural Re-
sources receives no money from the state’s general
fund. The total operating budget for the Marine
Resources Division is provided from the following
sources:

Severance tax on buried shell deposits  31%
Marine gas tax 22%
Federal aid to research 17%

Non-resident sportfishing license 15%
Commercial fishing licenses 9%
Other (salvage, grants, fines, ctc.) 6%

Seventy-five percent of the funds allocated for
shrimp research and management in Alabama is
ft?deral funds for rescarch provided by the Commer-
cial Fisheries Rescarch and Development Act (P.L.
88-309) . This does not speak highly of a state
whose shrimp industry is valued at $33.4 million in
1977, dockside. That value does not include the
cconomy of the supportive industries {i.c., boat
building, equipment manufacture and sale, and
general commerce) or the resale value of the
shrimp. The Marine Resources Division has drafted
legislation which if enacted would provide revenue
increases sufficient for the needed increase in re-
search and management efforts. However, the rec-
ommended legislation was not enacted. Obviously
no increase in the license fees will occur without
adequate public support and concern of the legisla-
tors.

Much public controversy arises cach year con-
cerning shrimping regulations in Mobile Bay. Para-
mount are the concerns over closing mast of the
waters of the bay to commercial shrimping while
allowing the continuance of bait and recreational
shrimping., Although precise data are not availabie,
it appears probable that considerable pressure is
put on small shrimp by the recreationad fishermen
using 16-foot trawls, Closing the waters ot Mobile
Bay to all shrimping during periods when they are
closed to commercial shrimping would eliminate
this pressure.

More information s needed concerning move
ment and mortality of shrimp in Alabama waters.
To obtain this information, a large 1agging project
similar to those being conducted by the US. De-
partment of Commerce, Natieonal Marine Fisheries
Service in Louisiana and Texas must be done in
Alabama. The dcterrent to this project at the pres-
ent time is a limitation of equipment and manpow-
er within the Marine Resources Division.

More research is nceded concerning the relation-
ship of shrimp to their environment. At present,
personnel at the Alabama Marine Resources Divi-
sion are analyzing catch and hydrographic data
from sumples collected since 1377 to determine
correlations which may exist, A larger data base will
probably be needed before definitive conclusions
can be drawn from this subject.

Evaluating present management procedures is a
major problem because of a lack of current landing
statistics. It would be extremely helpful if shrimp
fishermen were required to report monthly statistics
concerning their shrimping effort (i.e., landings, lo-
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cation, days fished, vessel size, gear type, etc.).
There is considerable resistance to this concept
among commercial fishermen who have no desire
to inform others of their degree of success.
Hopefully in the future some or all of the mea-
sures mentioned above will be accomplished.

SUMMARY

The shrimp fishery is economically the most
important commercial fishery in Alabama. Al-
though the percentage of Alabama shrimp landings
harvested from Mobile Bay declined from 18% in
1964 to 5% in 1976, the catch per trip has changed
little and the decrease in landings was probably due
to a shift in the fishery from inshore to offshore,
The Mobile Bay cstuarine system makes up 72% of
the estuarine arca of Alabama and is extremely im-
portant because 99% of the shrimp caught in and
adjacent to Alabama are dependent upon estuaries
for a part of their life, The white shrimp was the
major specics caught in Mobile Bay until 1945 but
by 1959 the brown shrimp had eclipsed the white
as the major species. The primary limitation on the
size of shrimp stocks at the present time appears
to be environmental, Projects which might ulter the
habitat or hydrography of the estuarine system of
Mobile Bay must be examined with their direct and
indirect impacts in mind. Several measures could
be undertaken to improve Alabama’s shrimp man-
agement and research program. These include revi-
sion of the license structure, altering the law 10 al-
low regulation of all shrimp fishing in Alabama
walers, more rescarch on shrimp movement and
mortality and the relationship between shrimp and
their environment, and more current statistical re-
porting. The amount of change that can be imposed
on the environment without deleterious effects on
shrimp populations cannot be accurately deter-
mined without further research in those areas.
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THE BLUE CRAB FISMERY OF ALABAMA

Walter M, Tatum
Alabama Department of Conservation and
MNatural Resources
Marine Resources Division
Gulf Shores, Alabama 36542

ABSTRACT

The earliest available record of blue crab {Cal-
linectes sapidus) landings in Alabama was 1888
when 43.6 metric tons were harvested. Many proh-
lems which faced early crab fishermen have been
solved but many remain.

Blue crabs mate and ovulate in Mobile Bay but
cgg hatching normally occurs when ovigerous fe-
males migrate offshore. Larval development, meta-
morphosis to first crab and growth to harvestable
size generally are accomplished in a 12-month peri-
od. Fish is a major food item for all crab sizes, but
1s more important for crabs over 40 mm (1.6 inch-
es) in carapace width. Oyster spat, although present
in the stomach of crabs over 50 mm (2.0 inches),
does not constitute a major food item for blue
crabs.

Blue crabs are infected by numerous parasites
and diseascs, including viruses, bacteria, protozoans
and metazoans, Many of these infections are tem-
porarily climinated in the molting process,

Mean annual blue crab commercial catch in Ala-
bama for the periods 1950-1959, 1960-1969, and
1970-1977 was 470.3, 692.1, and 796.0 metric
tons, respectively. Since 1950, approximately 95%
of the commercial crab landings was harvested by
crab pots with the remaining 5% taken by shrimp
trawl.

Associated problems with the crab fishery in
Alabama include fluctuating landings, unknown
user density, low dissolved oxygen, lack of recrea-
tional catch statistics, by-catch from non-directed
fisheries, lack of information on developing soft-
shell industry and labor problems in the commer-
cial fishery.

tNTRODUCTION

The earliest reported commercial landings of
blue crab (Callinectes sapidus) from Mobile Bay
was in 1888 during which 43.6 t1/ {96,000 Ibs)

/¢ = metric ton (2,204.6 lbs),
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were harvested. During the early years of the Ala-
bama crab industry, trot lines baited principally
with beef tripe, were set from wooden row boats
and the daily catch cooked in barrels on the shore
near the landing arcas. The cooked crab was then
transported to the fisherman's home where the
meat was picked by hand and stored for marketing
or barter. # The industry has revolutionized in the
past 90 years with traps replacing trot lines; fiber-
glass boats equipped with fast outboard and inboard
engines replacing wooden row boats; sterile, stain-
less steel cooking pots replacing the old cooking
barrels; and sanitary processing rooms replacing the
fisherman’s kitchen or backyard “crab picking”
area.

Many of the problems that plagued early crab
fishermen have been systematically solved as tech-
nology evolved but other problems continue to
plague contemporary crab fishermen. Mechanical
meat separators have not developed adequately to
replace expensive and uncertain hand labor. During
the peak harvest months of July, August, and Sep-
tember there are days and often weeks in which
unprediciable masses of oxygen deficient water
completely engulf trap lines, killing and rendering
useless the trapped crabs. Pezk crab harvest months
occur simultaneously with peak shrimping months;
therefore, diverting fishermen and crab pickers to
the more lucrative shrimp fishery and associated
processing plants. Crab harvest in Mobile Bay is ex-
tremely scasonal with virtually no fall and winter
fishery. Annual crab harvests are variable with no
particular trends to adequately forecast available
stocks,

This paper presents limited data on the biology
and life history of the blue crab in Mobile Bay and
a general profile of the commercial crab fishery
with historical landings. Biological, ecological, and
sociological data gaps which should be bridged in
order to properly manage the fishery are identified
with suggestions for filling these needs.

2 Personal communicetion, Buddy Zirlotr, Zidott Seafood, Fowl
River.
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BIOLOGY
Life History

For most marine species, mating and spawning
is synonymous; however, in the case of the blye
crab the two events occur at different times, Mating
occurs after the juvenile female has had her termi-
nal molt (ecdysis). The male assumes a protective
position over the juvenile female immediately prior
to the terminal molt. After molting, the male im-
plants the female’s seminal receptacles with sperm-
bearing semen and retains his protective position
until the new chitinous shell hardens (Leary 1964;
Ocsterling 1976; Tagatz 1968}, Spawning may oc-
cur until the female dies but mating occurs only
once, Ovulation (spawning) usually occurs within
two months after mating, but may be delayed for
a5 long as five months depending upon the temper-
ature, During ovulation, eggs are forced from the
ovaries through the seminal receptacles containing
spermatozoa where they are fertilized and then are
exuded onto fine hairs located on the abdominal
swimmerettes. The eggs form a mass which occu-
pies a space approximately 33% of the size of the
crab and forces the abdomen, normally folded
under the cephalothorax (carapace), away from the
carapace area (Figure 1).

Figare 1.

Female ovigerons blue crab with cggx sttached
to fine bairs on cephalothorax.

Spawning normally takes place in the lower
cstuary where the salinity is over 20 ppt and in the
Gulf of Mexico. Extreme drought conditions with
subsequent high salinitics may expand the estuarine
area where successful hatching can take place (per-
sonal communication, Harriet Perry). The eggs

when first deposited are light, yellow-orange o
color, turning darker to a gray color, as the yolk
absorbed by the developing unhatched larvae.

The first larval stages of the blue crab, usualk
found offshore, are called zoeae (Figure 2). Thex
are seven molts in the zoeal stage and each molt e
sults in a slight morphological change. Blue cra
zoeae are approximately 1 mm (0.4 inches) I
length and in no way resemble the adult crab. Blet
crabs remain in this planktonic stage for 31 fo'ﬂ:
days (dependent upon temperature and salmft‘f1
and their principal movement during this period
related to tidal action, oceanic currents, and
currents {Tagatz 1968). Zoeal stages of blue cra
rarely complete the first molit in salinities lowe
than 20 ppt (Costiow and Bookhout 1959), and
consequently are rarely found in the inside waten
of Mobile Bay,

The second larval blue crab stage is called the
megalopa (Figure 3) and it is this stage which fire.
enters the estuarine area. Blue crab megalops are 2
4 mm (.08..2 inches) total length and approximate
ly 1 mm (.04 inches) wide. They remain in this stag
for 6 to 20 days (Costlow and Bookhout 1959
again dependent upon temperature and salimity,
after which they metamorphose to the first crab
stage,

Growth

Growth is quite rapid after metamorphosis. The
legal harvest size in Alabama of 10.2 cm (4 inches),
measured from the widest point on the carapace, i
attainable within one year.

More (1969) estimating blue crab growth from
Galveston Bay, Texas reported monthly size in.
creases of 15.3 — 18.5 mm (0.6 — 0.7 inches). He
indicated similar growth of juveniles recruited dur-
ing the months of February, March, and July. Based .
on data collected in 1968 and 1969 (Swingle 1971), -
there appear to be three major juvenile crab recruit.
ment peaks in Alabama (April, August, and De-
cember) with crab growth among periods differs
greatly. Juvenile crabs recruited in April, August,
and December grew at monthly rates of 19, 19,
and 5 mm (.75, 0.4, and 0.2 inches), respectively
(Figure 4). Juvenile crabs recruited in April are likely °
the progeny of late fall spawns; those in Auvgust -
from late spring spawns; and those in December
from early fall spawns. One would expect the
growth from both the latter two spawns to pick up
considerably and equal the former as spring ap- .
proaches and the water begins to warm. ;
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Figure 2.

Figure 3.

Blue crab {Callinectes sapidus, Rathbun) zoea. {Drawing by Ralph Havard, Marine Resources Division.)

Blue crab (Callinectes sapidus, Rathbun) megalopac. {(Drawing by Ralph Havard, Marine Resources Division. }
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Size distribution of Callinectes sapidus taken in
Alabama in 1968 and 1969 (adapted from
Swingle, H.A. 1971).

Food Habits

Figure 4.

Tagatz {1968) conducted extensive food habit
studies of theblue crab from St. John’s River, Flor-
ida and summarized previous studies by other work.-
ers, Principal factors that influenced blue crab food
intake included crab size, food abundance, and size
of food particles. Tagatz’s work is summarized in
Table 1. The principal food items for all crabs sam-

Table 1. Class of Food Found in Blue Crab
Stomachs in St. John's River, Florida

{Tagatz 1968).

Food Item Percent
Mollusks 39.0
Organic Debris 19.8
Fish 194
Crustaceans 15.0
Plants 3.9
Annelids 1.8
Insects 0.9
Bryozoan 0.1

TOTAL 999

pled were mollusks, organic debris, fish, and crus-
tacea, respectively. Fish was a major food item for
all crab sizes examined but appeared more impor-
tant forcrabs over 40 mm (1.6 inches) wide. Organ-
ic debris was found in all sizes examined but was
more abundant in crabs less than 40 mm (1.6 inch-
es).
Mollusks were found in all crabs examined and
included mussels, clams, oysters, and snails. Clams,
principally Rangia cuneata and Mulinia lateralis,
were found in the stomachs of all sizes examined.
Mussels and snails were not found in crabs under
21 mm (0.8 inches) wide but were major items for
larger crabs. Oyster spat, although present in the
stomachs of crabs over 50 mm (2.0 inches) wide,
did not constitute a major food item of those exam-
ined. Amphipods and crabs were the dominant crus-
taceans eaten with amphipods being found in all
sizes examined and crabs being found in all sizes
larger than 10 mm (0.4 inches).

Parasites and Diseases

Overstreet (1978} listed a wide variety of para-
site and diseasc organisms which infect the blue crab
including viruses, bacteria, protuzoans, and metazo-
ans. Overstreet points out that while the blue crab
is host to many parasite and discase organisms,
many of the infections are temporarily eliminated
in the molting process. Examples of some of the
more important and more cvident parasite and dis-
easc organisms include:

Amceson michaells, a microsporidan protozoan,
produces symptoms in blue crabs referred to by
tishermen as “'sick crabs.” According to Over-
street, infestation of this organism produces a
chalky appearancc in the appendage joints and
the abdominal arca usually tums grayish. The
muscle tissue of the blue crab is invaded by this
host-specific microsporidian and in some infes-
tations a large portion of the host’s muscula-
ture is replaced by the parasite.
Virbrio parahaemolyticus, a bacterial infection,
that produces large jelly-like blood clots or
white nodules un the gills of infected crabs, It
readdy causes mortality among its hosts and
can bring about a form of food poisoning in
man. Overstreet points out that food poisoning
in man by this organism can be prevented with
minimal heating of the crab meat.

Urosporidium cresens, a hyperparasitic, haplo-

sporidan protozoan, infects encysted worms in

the blue crab musculature. The protozoan un-
dergoes extensive multiplication, produces
spores, and a condition referred to as “pepper
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crabs.” According to Overstreet, the spores
harm neither man nor the infected crab.
Chelonibia patula, an external barnacle symbi-
ont, demonstrates host-specificity for a small
group of crabs, including the blue crab. Mature
female crabs arc particularly affected by this
organistn since they cannot shed the infestation.
The weight of large barnacle sets produces se-
vere strain on the crab host.

Octolasmis muelleri, a pedunculate {gooseneck)
barnacle infects the gill region of the biue crab.
Infections from this organism have been abserv-
ed on emigrating female blue crabs, producing
lethargic effects on its host. Overstreet has ob-
served over 1,000 gooseneck barnacles in a
single gill chamber. Although the barnacle is
not reported to receive nourishment from the
crab, its presence undoubtedly affects the crab’s
respiratory capacity,

Overstreet mentioned other parasites and diseas-
es that although present on the Eastern Coast of

the United States have not been implicated in Gulf
Coast crab mortalities. Among those included were
Paramoeba pernicosa commonly called “gray crab
disease,” a “herpes-like” virus and one of four vi-
ruses isolated recently from blue crab; Epistylss sp,
a stalked ciliate, that attaches to the gill lamellae;
and Lagenophrys callinectes, a ciliate that also at-
taches to the gill lamelilae.

COMMERCIAL FISHERY

Commercial landings of blue crab in Alabama
for the past 90 years have shown growth similar to
that of other commercial species. During the devel-
oping years of the blue crab fishery (1897.1937),
annual catches range from 10.9 to 343.% t. Com-
mercial catches were similar during the 1940°s ex-
cept during the years of 1945, 1948, and 1949
when catches rose to 1001.1, 1076.4, and 9653 ¢,
respectively (Table 2).

Table 2. Historical Commercial Landings of Blue Crab in Alabama (from Alabama Landings and Fishery Statistics

of the United States).

Year Weight Year Weight
Pounds Metric Tons Pounds Mectric Tons

1888 96,000 43.6 1954 972,000 340.9
1857 24,000 10.9 1955 1,612,000 731.2
1902 75,000 34.0 1956 725,000 328.9
1908 246,000 111.6 1957 1,462,000 663.2
1918 96,000 13.6 1958 1,182,000 536.2
1923 84,000 38.1 1959 1,093,000 4958
1927 32,000 14.5 1960 495,000 226.3%
1928 105,000 47.6 1961 838,000 380.1
1929 107,000 48.5 1962 634,000 287.6
1930 81,000 36.7 1963 1,297,000 588.3
1931 80,000 36.3 1964 1,762,000 799.2
1932 71,000 322 1965 1,812,000 821.9
1934 259,000 i17.5 1966 2,183,000 990.2
1936 908,000 4527 1967 2,353,000 1067.3
1937 757,000 343 4 1968 1,980,000 898.1
1938 511,000 251.8 1969 1,072,004 486.3
1989 558,000 253.1 1970 1,407,000 6383
1540 1,381,000 6264 1971 1,997,290 906.0
1945 2,207,000 1001.1 1972 1,612,406 731.4
1948 2,373,000 10764 1973 2,098,471 951.9
1949 2,128,000 965.3 1974 1,825,678 828.1
1950 598,700 2716 1975 1,639,484 7437
1951 1,109,400 503.2 1976 1,298,653 589.1
1952 655,300 297.2 1977 2,174,142 986.2
1953 1,087,000 493.1
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Monthly blue crab landings for the period 1970-
1977 are shown in Table 3 and the 8-year monthly
mean catch and monthly catch for 1976 (low catch
for period) and 1977 (high catch for period) are
presented in Figure 5. During the past 8 years,
78.7% of the blue crab catch occurred from April
through October. July produced greatest monthly
catches of blue crab during the years 1970, 1973,
and 1975, while June was most productive during
1974 and 1976. The months of April, August, and
October were most productive in 1971, 1972, and
1977, respectively, December, January, February,
and March contributed 5.4, 2,7, 2.5, and 3.7%, re-
spectively of the mean monthly catch,

Prior to 1950, virtually all of the commercial
catch of blue crab was by trot line. During the
1950, the influence of East Coast crab fishermen
began to shift harvest methods to the more efficient
crab pot or trap and in 1966 (the last year in which
crabs were taken by trot line in Alabama) only
0.4% of Alabama crab landings were by trot line
(Swingle, W.E. 1976), The trap catch drops off cri-
ticially as the water temperature drops in Novem-
ber and most fishermen use this period to mend
traps, replace floats, etc., with processors depend-

@uu&

ing principally on trawl caught crabs, Approximate-
ly 5% of the total blue crabs landed annually
in Alabama are harvested by shrimp trawl, while
95% are harvested by crab traps (Fisheries Statistics
of United States).

Crab fishermen usually set their trap lines, con-
sisting of 200-1000 traps, during the spring and
rarely move them until November. There are ex-
ceptions to this procedure during the early spring
when some upper Bay crabbers make initial sets in
the lower Bay to harvest mating crabs, then move
fishing activities back to the upper Bay with major
male crab concentrations.

Most crabbers and crab processors prefer to
handle male crubs, Conservation of the species is
incidental in this preference and cconomics and so-
ciology are paramount, Crab fishermen prefer male
crabs because they arc larger and bring more
money per individual. Processors prefer male crabs
because shop employces, who are usually paid by
picked weightof crab meat, spend equal time clean-
ing small, low-yicld females as they do large, high-
yield males.

To a large extent crab catch sex ratio is influ-
enced by fishing area, Crab fishermen who have
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Table 3. Alabama Bluc Crab Monthly Landing in Metric Tons (lbs) for Years 1970-1977,

Year January February March Apxil May June Juty
1970 18.21 15.02 20.46 28.79 29,32 86,73 120.29
(40,150) (33,120} (45,100) (63,468) (64,632) (191,196) (265,190)
1971 21.82 16.32 24.58 195.68 122,92 136.78 109.07
(48,102) (35,970) (54,185) (451,411) {270,987} (301,558) (240,450}
1872 18.61 22,57 28.95 32.29 33.82 95.44 127.17
(41,020) (49,757) {63,813) (71,185) (74,558) {210,416} (280,351)
1973 24.62 29.05 41.26 76.42 119.10 147.44 197.63
(54,276} {64,052) (50,959) (168.471) {262,5659) (325,049) (435,705}
1974 27.38 28.52 57.79 62.39 139.50 143.10 110.26
{60,558} {62,880) (127,397) (137.552) (302,527) (315,488) (243,087)
1975 36.26 31.75 37.83 27.20 63.74 73.75 101.67
(79,943} (69,997) (83,390} {59,962) (140,515} {162,579} {224,158)
1976 19.50 11.78 16.28 45.48 59.66 94.84 $3.27
(42,958) (25,980) (35,901) {100,255) (131,533) (209,085} (205,625}
1977 6.75 5.44 10.29 26.18 88.30 121.91 135.76
(14,881) (11,999} {22,684) {57,720) (194,672) (268,768) {299,509)
Mean 21.64 20.06 29.68 61.80 §2.04 112.50 124.39
(47,711) (44,219) {65.429) {(136,253) (180,872} (248,017) (274,234)
Year August September October November December Total
1870 67.34 64.79 68.77 77.92 40.68 638.32
(148,447) (142,842) (151,621) (171,791} (89,691) {1.407,248)
1971 77.30 52.97 60.84 43.45 44.23 905.96
(170,422) (116,785) (134,129} {95,788) (97,508) (1,997,290)
1972 13161 92.04 75.13 42,58 3118 731.38 )
{290,141} {202.916) {165,642) {93,877) (68,735) (1,612,406)
1973 197.09 71.17 63.54 41.72 32.83 951.85
(236,083) (156,905) (140,078) {91,967) (72,367) (2,098 471)
1974 78.96 64.98 46.71 35.52 33.02 B28.13
(174,085) (143,260) (102,969) (78,315} (72,790) (1,825,708)
1975 97.14 80.92 84.85 57.68 50.87 743.66
(214,160) (178,399} (187,067} (127,169} (112,150} (1,639,484)
1976 84.75 70.24 49.80 27.72 15.75 589.06
(186,845) (154,851) (109,801} (61,104} {34,715} (1,298,653%)
1977 124.70 104.84 152.55 112,94 96.51 586.17
(274,910) (231,125) (336,323) (248,980} (212,771) 2,174,143}
Mean 96.11 75.24 75.28 54,94 43.13 796.81
{211,887) {165,885) (165,954) (121,124) (95,091) {1,756,672)
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been engaged in this fishery know tl"le righl area for
catching the proper product for their clients. There
appears to be a general understanding among crab
fishermen regarding historical fishing areas and sel-
dom are there any fishing ground disputes among
these fishermen. One fisherman/processor fishes an
area in Heron Bay and Cedar Point which yields
around 90% female crabs. He has historically fished
this area, has geared his operation to a predominant-
ly female catch, and enjoys working an area that
interests no other crab fishermen. Other fishermen
who must keep shop employees happy by caiching
large male crabs fish principally in the upper Bay
on trap lines running north and scuth from Deer
River (Hollinger Island Channel).

One of the larger crab processors in Alabama
purchases virtually all of his products from Missis-
sippi and Louisiana because of the undependable
harvest in Alabama (Personal communication,
George and Anita Bryant, Bryant Seafood, Bayou
La Batre).

PROBLEMS RELATED TO BLUE CRAB
FISHERY AND POSSIBLE SOLUTIONS

Fluctuating Landings

Although the general catch trend for blue crab
since 1963 is considered stable, there are year to
year landing fluctuations. The crab catch in 1977
was 60% greater than the 1976 catch; however, it
was approximately the same as the catch in 1945,
1966, and 1967. One must therefore question
whether annual commercial blue crab landings re-
fleet the general condition of the crab population
ur the economics of the crab fishery in Mobile Bay.

If processors are unable to quickly handle crab
catch during peak production months, crab fisher-
men simply slow down their harvest. This decrease
in effort is reflected in the monthly catch statistics
s & production drop and is casily misrepresented
as u biological problem. If catch statistics are to be
used effectively, they must demonstrate catch per
unit eflort {CPUE} which is not misleading, if a
crab fisherman catches a consistent or increasing
weight of crabs per pot then the fishery is stable or
cxpanding, respectively, If the CPUE is dropping
over a period of time, biological instability or in-
creased user density is implicated,

Unknown User Density

There is no license requirement for commercial
or recreational crab fishermen in Alabama and the

number of fishermen (full-time, part-time, or recre-
ational) participating in the fishery, as well as the
number of fishing units used, is unknown. Knowl-
edge of user and gear density is fundament in fish-
ey management and licensing is the most effective
means of gaining this knowledge. Commercial crab
fishermen support such a license and also regula-
tions on trap markers to enable cnforcement of-
ficers 1o quickly match fishermen and traps.

Lack of Blue Crab Monitoring and
Assassment Program

A sound bluc crab assessment and monitoring
program is extremely important to all users of this
resource. Although the blue crab life history and
biological requirements for growth and reproduc-
tion are similar throughout its range, there exists
some degree of uniquencss within each estuarine
system. This unique cstuarine character must be
id¢ntified in order 1o regulate and manage the re-
sources effectively,

A monitoring and assessment program is quite
cxpensive requiring obligated personnel and equip-
ment. The Alabama crab fishery, although impor-
tant to those who depend on the resource for live-
lihood, represcnted only 4.5% of total weight of
stafood landed, and 1.1% of the total seafood
value in 1972 (Alabama/Mississippi Sea Grant Ad-
visory Service). The most equitable means of initi-
ating an ongoing blue crab monitoring and assess-
ment program in Alabama is to incorporate it into
a total resource monitoring and  assessment pro-
gram.

Low Dissolved Oxygen

Extensive areas of bottom water in Mobile Bay
sufler oxygen depletion during the summer months,
particularly during August. Extensive oxygen deple-
tion in the bottom waters occurred in July and Au-
gust 1971 when values of 1.0 ppm or below were
found somewhere in the Bay on 75% of the days
sampled {May 1973). At this time, low oxygen (3.0
Ppm or less) waters covered an area of 44,541 ha
(111,353 acres) or 44% of Mobile Bay including
Bon Secour Bay. Included in this area were 22,655
ha (56,288 acres) containing dissolved oxygen of
1.0 ppm or less. This phenomenon, although not
unique in Mobile Bay, hasbeen implicated by May
{op. cit) and Loesch (1960) as a precursor for mass
shoreward migrations of demersal fishes in Mobile
Bay, known locally as “jubilees.”
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Free swimming crabs arc usually able to avoid
oxygen deficient bottom waters by either swimming
shoreward or moving to the surface. Trapped crabs;
however, are killed and rendered useless when they
are engulfed by waters of low dissolved oxygen.
Some area crab fishermen indicate that 75% of
their mid-summer catch dies and some fishermen
cease their crabbing altogether during July and Au-
gust because of heavy die-offs or reduced catch. On
a positive note, Melvin Plash (Plash Seafood, per-
sonal communication} has indicated a trapped crab
mortality decline in recent years. Oxygen deficient
waters still occur in Mobile Bay presenting a con-
stant thrcat to the crab fishery. A study to identify
the cause of this phenomenon and seck a resolu-
tion to the problem is badly needed.

Lack of Recreational Catch Statistics

In order te completely evaluate exploitation
rate of blue crab, some estimate of the number of
users and catch per annum is essential. Tatum (un-
published} estimated that approximately 20% of
the annual commercial crab catch is harvested by
recreational crabbers and therefore unrecorded.
This estimate was very conservative and based on
the number of estuarine waterfront parcels in Mo-
bile and Baldwin counties and on blue crab by-catch
estimates from recrcational shrimping intensity
(Swingle, et al. 1976).

Recreational catch of blue crab could casily be
higher than estimated and therefore play a signifi-
cant role in the total harvest. Resource managers
must be aware of user intensity if they are to equi-
tably manage crab stocks. Recreational licensing of
these users and periodic user surveys would be help-
ful in identifying the intensity of these user groups.

Blue Crab Shrimp Trawl By-Catch and Destruction

As previously mentioned, trawl caught crabs
represent approximately 5% of the total commercial
crab landings in Alabama. This area of the fishery
is very important since it sustains the crab process-
ing plants during the period when trap catches are
low, Trawl caught crabs are seldom used during
peak trapping months and are usually returned to
the Bay. Damage imposed on these unused and fre-
quently undersized crabs likely plays an important
role in the overall crab fishery, Although the areas
are presently undocumented, there are juvenile blue
crab staging grounds in Mobile Bay which should
be protected during periods of high utilization by
undersized crabs, An assessment program can iden-

219

tify these areas and document high use periods by
juvenile crabs.

Soft-Shell Crab Industry

One of the more lucrative sidelines of the blue
crab fishery is in the landing of soft-shell crabs. To
a large extent commercial and recreational crabbers
consider this valuable product incidental to the
hard crab and there is presently no directed fishery
towards the soft-shell crabs, One processor in Bald-
win County has constructed holding facilities for
crabs exhibiting premolting signs, but his use of
this system is infrequent and his supply undepend-
able.

A technique for economically operating a crab
shedding house should be developed. Some work
along this line has been done by the Gulf Coast
Research Laboratory (Perry, personal communica-
tion).

Labor Problems in Commarcial Fishery

Although mechanical crab meat separators are
available that reduce laber in crab processing plants,
the quality of meat produced by mechanical means
is not equal to that produced by hand Jabor. One
mechanical separator in use in Alabama requires
initial blanching prior te introduction to the auto-
matic separator; afterwhich, the separated meat
must be completely cooked. The industry is in
need of a separator which will produce quality
meat at a rapid rate.

During good shrimping years, there is consider-
able pressure to divert the crab processing labor
force, both to the shrimp fishery and assoctated
processing plants. If the shop happens to be multi-
fishery oriented, there is no problem since the shop
owner places processing emphasis on the most im-
portant immediate product. If; however, the pro-
cessing plant handles only crab products, the effects
of the diverted labor force from his plant can be
catastrophic, This re-emphasizes the immediate
need for advanced technology in crab processing.
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WILDLIFE BIOLOGIST, U.S. FISH AND WILDLIFE SERVICE

MEMBERS

Mr. William Eckmayer, Alabama Department of
Conservation and Natural Resources

Mr. Stevens Heath, Alabama Department of Con-
scrvation and Natural Resources

Dr. Robert Shipp, University of South Alabama
Mr. Hugh Swingle, Alabama Department of Con-
servation and Natural Resources

Mr. Walter Tatum, Alabama Deparument of Conser-
vation and Natural Resources

Mr. William Tucker, Alabama Department of Con-
servation and Natural Resources

Mr. C. William Wade, Alabama Department of Con-

servatton and Natural Resources,

LOYACANO: Al these gentlemen presented very
fine papers. They were all very interesting and
timely, and they pointed out 4 number of existing
data gaps that, hopefully, we will be able to ad-
dress in the ncar future,

M. JONES: Onec of the gentlemen was talking
about oysters, and he mentioned the word “‘relay-
ing” the oysters. Not knowing too much about
that, depuration came to mind. I know Mississippi
is building svme kind of a facility to depurate the
vysters. Can you explain that a litlle bit. Is Ala-
bama planning on working within the system or
are we going to develop something like this in our
area?

ECKMAYFER: 1 was involved with that project
when they first started the feasibility study check-
ing out local regulations, zoning programs in the
local communities for determining the feasibility
whether Alabama would be a logical location to
put the plant, and I bave not heard the completion
of that first stage of the program. All they are
doing with that depuration plant is determining
the economic feasibility of a piant of that form.
There is actually no set location for the plant. The
process involves placing oysters in bins and, through
cither closcd or open systems, running water
through the bins. As the water passes out, if it’s on
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closed system, it is recycled through a purifier
which uses either ozone or ultraviolet light, They
will monitor the effluent from the bins and when
the water leaves the safe standard for the bacteria
count they will say the oyster is safe. But they
have had certain problems with depuration of oys-
ters, and the FDA is not certain about the health
problems involved with okaying a program i this
form.

ANONYMOUS: One of the gentlemen who dealt
with the oysters said 10% of the oysters were
caught in Mobile Bay. [ was wondering about the
percentage of the shrimp catch,

HEATH: Walter mentioned that 52% of the in-
shore catch from the Alabama waters comes from
Mobile Bay. Inshore waters include Mississippi
Sound and Wolf Bay, Perdido Bay and the areas of
Baldwin County,

NONKES: Is it known how many metals, coli-
forms, and pesticides shimp and crabs take up out
of the water and put into their systems? How often
is it monitored?

TATUM: Yes, they do. They can. How often is it
monitored?



HEATH: We don't do this sort of monitoring. I
did check with the personnel of the Food and Drug
Administration lab on Dauphin Island. They do
monitor seafood samples; crabs, shrimp, oysters,
from around the gulf region which includes the
Mobile Bay area. I don’t know what the frequency
of analysis is, but up to this time they have found
well below minimum requirements of these sub-
stances in the shrimp, crab and oysters, as a matter
of fact. This is, of course, excluding coliform in
the oyster which occurs somewhat regularly. I was
told they had to modify some of their analytical
cquipment to get down to the range where they
could detect some of the heavy metals in these
animals, shrimp and crabs, so that was encouraging.

SAVAGE: What arca of sucioeconomic research
do you fecl is most important at this present time?
What particular topics, if any, come to mind?

HEATH: In the shrimping industry, we just went
aronnd and around with this on some of the coun-
cil in shrimp management task furce meetings. We
have a very complicated situation in Alabama, and
most of the other states in the gulf have the same
problem. We have, in essence, three groups of
people using a single resource. We have a large off-
shore fleet. We have an inshore fleet of smalier
boats in the commercial sector depending on it
for their livehhood. And then we have another
whole sector of small boats, small net owners who
use shrimp as bait and to put into their freezer. We
might well do some sort of socioeconomic research
on the size of these groups, the dependence of
these groups on this resource, and the interrelation-
ship between the groups. There is certainly enough
controversy among members of the groups, as I am
sure Dr. Rawson is awarc of, since he interfaces
with these people considerably. As far as shrimp
gocs, I think that would be a good idca just to find
vut the social impact the changes will have in man-
agement on this species.

L()YA(_IANO: Would anyone else like to address
the sociveconomic aspects of our research?

TATUM: 1 think that each one of the panelisis
has spoken with perhaps the exception of Dr.
Shipp and Bill. I think Bill may have eluded to it,
too, The one thing that we don’t know is the num-
ber of users that we have. Another thing we don'’t
know is the amount of fishery resources that we
have. One day, and it's probably coming around a
101‘ sooner than any of us would like to realize,
WeTe going to be charged with allocating that re-
source to the various users. Without a handle on
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the number of users that we have and without a
handle on the amount of resource we have, it’s not
going to be a very equitable distribution of it. So,
this is paramount in our opinion.

GARDNER: What elfect do oil spills have on our
oysters, and shnmp, and the fish that live in the
Bay?

ECKMAYER: There have been a few studies done
at Woodshole in Massachusetts concerning what ef-
fects an oil spill would have on oysters. These were
all precipitated from the Argo-Merchant problems.
The work they have been doing hasn’t been work-
ing with straight crude oil. They have been concen-
trating on various grades and extracts from the re-
fined process. It varies and depends on the type of
oil that is spilled. The lighter grades of oil that
would be suspended in the water flowing above the
bottom would have no effect on the oysters. The
heavier grades, which almost tlow like tar, could
possibly sink to the bottom and suffocate the oys-
ters,

HEATH: 1 haven’t rcad any particular studies on
the effect of the different oils on shrimp. I know
that the work has been done. The shrimp would
probably avoid the oil initially. It would depend on
the extent of the spill. I know that there has been
some basic laboratory work done on this. I'm just
not familiar with it,

LOYACANO: Dr. Shipp, can a variegated cyprin-
odon live in oil?

SHIPP: If anybody can, he can. Actually, most
fishes would be able to avoid it, too. They leave.
Oil spills over extensive areas usually do not influ-
ence too greatly the amount of dissolved oxygen.
It is surprising to a lot of people how much oxygen
is maintained in the water and the image of a mas-.
sive kill due to low 1DO’s is not a subsequent event
always of an oil spill. I think fishes in general can
escape. The exception comes during the early life
history stages when they are not very mobile, If
the oil should get up into shallow estuarine areas,
then I think it could be a problem.

THOMPSON: What about open water disposal of
dredged material? How does that not affect fish,
their larvae and eggs?

SHIPP: If it became unpleasant, undesirable for
them, they would simple leave. That is the advan-
tage they have. The larval fishes offshore wouldn’t
be too much affected, but the larval ones that are



trapped in limited arcas ncarshore would encounter
severe problems,

LOYACANO: Would anyone else care to com-
ment on dredge spoil or the oil spill problem?

GARDNER: In 1977 there was an international
symposium on oil spills in New Orleans, and some
papers were presented that oil would be harmful to
larvae of fish and also of lobsters and shrimp. So, I
would like to put that in the record,

M. JONES: I would like to add that also regarding
Argo-Merchant, Woodshole has shown that zoo-
plankton was picking up some of that oil, and they
did not know what this might be doing to fishes.
I was told that one of the reasons there are not so
many people fishing in the Bay is because of the
lack of recreational species, a decline of speckled
trout, etc. One person told me that he was very
concerned because up in the northern part of the
Bay some of the big cornmercial trawlers up there
at certain periods of the year were capturing small
fishes that maybe should not be touched at that
time. Maybe that area should be closed at that time

in order to allow these species to become larger:

and know where they are supposed to go.

WADE: Myrt, 1 think I afluded to that in my
paper this moming. We don't know the effect of
the commercial fishery on the sport fishery at this
point. One of the things in the 10 key points that
I made about the research needs was that this rela-
tionship between the sport and commercial fishery
needs to be understood, but at this point nobody
really knows what the effect is. We don't know if
there is a real problem (we are talking about
speckled trout fisheries at this point) or not. If the
problem exists, we don’t know if it’s due to en-
vironmental changes or changes in the environment
induced by man or if it’s fishing pressure or just
what. This is one of the basic needs we need to ad-
dress in our research program, The Marine Re-
sources Division has recenily undertaken a study of
the speckled trout fishery, and the first thing we
are doing is collecting basic data on age and growth
in these fishes in our estuary. As a matter of fact,
this Friday I am going up to Aubum to get the
computer printout on the speckled trout fishery in
Alabama. This will be the first piece of data we
have collected, and hopefully in a period of maybe
four to five years we will have some answers to
these important questions. It is not only possibly
a biological problem, but it is very defiitely a
social problem, if nothing else. This is something
that we need to address.
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SHIPP: Regarding the specific comments about
the trawling in the upper areas of the bay, I don’t
know whether that has taken place or not, but
most of our commercially valuable species spawn
in the lower part of the Bay or offshore, and rarely
do the juveniles get too far up in the Bay. So, that
particular problem would not be a valid concern.
It may be for other reasons, but most of the drums
and other commercial species spawn in the higher
saline waters and the larvae and juveniles stay there,
too. They rarely get high up in the Bay.

TABBERER: In several talks, ! heard circulation
alluded to as a major problem in the Bay. Disre-
garding harvest regulations and socioeconomics and
s0 on, from a habitat management standpoint from
all the resources you've addressed, what do you see
as the major management needs or data needs in
the Bay to optimize management for the resources.

WADE: This morning most of the speakers did, in
fact, mention problems that they thought needed
to be looked into and studied. In my paper [ listed
10 important areas that we need to investigate be-
fore we could establish a management program.
When I mentioned management, 1 said one of the
main things I felt we needed was the data before
we started a mangement program, but so many of
the programs in the past have been based purely on
guess work and social problems and so forth that
the biclogical aspects have never entered into it.
My thrust would be to get some biolagical data and
try to match it up with the social problems, and so
forth, that exist in the different fisheries. Certainly
these other basic questions that are outside of my
expertise such as the hydrographic work and all
this has to be worked out because it ties in directly
with the resource we are trying to manage,

SHIPP: 1 totally agree, and I would like to reiter-
ate. 1 think that the major purpose of this sym-
posium is to gather together the data that are avail-
able and put them in one place and go from there.

LOYACANO: I think we may be a little pre-
mature in attempting to identify just what manage-
ment steps could be taken, but hopefully we will
have that information available after this sym-
posium, or some of it.

HORNE: It is my impression this year that crab-
bing has been unusually good in the Bay. I may be
mistaken about that, but I’'m sure there have been
a lot of crabs caught and 2 lot of crabs thrown
back that couldn’t be used. If that is true, does
that have an impact on the commercial production
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of crabs? Can we sell crabs when so many are
caught by anyone who wants to put 2 trap in the
water in front of his house? Or is there just enough
crab appetite for everybody?

TATUM: It is going to be a good crabbing year,
and what is beneficial to the recreational crabber
is also beneficial to the commercial crabber be.
cause they are bringing in extremely la.rge_ catches
right now. Can the private sector sell their crabs?
Yes they can, since there is no license requirement
for either recreational crabbers or commercial
crabbers. Can you find somebedy to buy them?
Perhaps, | don’t know; but it looks like it is going
to be a good year, and one of the other things
that makes a good crabbing year is when you have
a poor shrimping year. If you have a poor shrimp-
ing year, then you have crabbers working extremely
hard and shrimpers crabbing. So it is going to show
up as a super good crabbing year, but there are a
lot of crabs out there, too,

TABBERER: Mr. Eckmayer, you alluded to the
fact that anything fresher than 15 ppt would harm
the oyster drill and you also talked about dissolved
oxygen. If you were to prescribe an oxygen and a
salinity regime for the estuary, what would it be
for optimum oyster production. Then you could
implement it out there on the ground.

ECKMAYER: As far as our technology, we will
probably never be able to actually manipulate the
environment o that degree for controlling a water
mass the size of Mobile Bay, but the ideal, if you
wanted to draw the ideal picture for the environ-
ment foroyster production, I'd say the water should
be somewhere around 13 ppt. That way the drills
would be held in check because they could not
cantrol their body fluid levels 1o survive. Most of
the discases would be eliminated. The OysLers
would be able to reproduce because it falls within
their optimum range, and it is still salty enough for
survival of the oyster larvae and spat, which go into
stress below 10 ppt. That’s the most vulnerable
year of mortalities; the first year of life on the bot-
tom. Any dissolved oxygen regime over 2 ppm is
more than adequate because they have been shown
to be able to do rather well down to 2 ppm, while
the level most finfish draw is about % ppm,

ALLEN: Did Bob Shipp or anyhody ever mention
the mullet? I mean whatever happened to the mul-
let? That used to be a pretty good fish.

LOYACANO: Does that come under sport fishery
or commercial ar hoth?

WADE: The mullet comes under both. I mentioned
it in my recreational paper about the Bay. In the
Dog River up to around the Causeway area, it hap-
pens to be one of the key species in the recreational
shoreline fishery. The last survey we did was in
1975, and it’s surprising the number of pounds of
striped mullet that were harvested by the recrea-
tional fishermen. Of course, there is a commercial
fishery for it, presently,

SHIPP: I really thought George would know bet-
ter; mullet are going to be considered this after-
noon—they are not fish, they are birds. They've got
a gizzard.

LOYACANO: I want to sincerely thank these
panelists, these authors for the fine papers they
have presented, and the manuscripts that these and
all of the other symposium participants have sub-
mitted, Since Dr. Rawson will moderate this after-
noon, I want to take this opportunity to thank him
for the tremendous amount of work that he and
his co-workers have done in preparing for the sym-
posium. 1 would also like to thank Dr. Bruce
Trickey and his co-workers, who have also done a
tremendous amount of work. I would like to thank
Dr. Jimmy Jones from the Sca Grant Program. He
and his co-workers also contributed greatly. I
would especially thank my predecessor, Dieter
Busch, who, with the encouragement from Paul
Smith, initiated this symposium. And 1 would like
to thank Paul for all the assistance and encourage-
ment that he has given us in bringing this off final-
ly. And, once again, I would like to thank the
speakers, especially, and thank all of you for com-
ing, and I thank you for your attention.
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WADING BIRDS OF COASTAL ALABAMA

Paul G. Johnson
Barry A. Vittor & Associates, Inc.
8100 Cottage Hill Road
Mobile, Alabama 36609

ABSTRACT

Twenty-four colonial wading bird nesting sites
have been identified for the coastal counties sur-
rounding Mobile Bay, Alabama. Information con-
cerning  location,  species  compeosition, relative
abundance, historical occurrence, and present
status of each colony have been gathered from a
variety of sourccs.

Of the 24 nesting sites identified 15 occur in
the lower estuary (Mississippi Sound, Fort Morgan
Peninsula, and lower Perdido Bay}, six occur in-
land, above the legal coastal zone boundary both
within Mobile and Baldwin counties, and threc
calonies have been reported in the river delta above
Mabile Bay. Seven of the colonies are presently
considered active (as of the 1978 nesting season),
Six colonies are considered inactive, white the
nesting status at 11 sites i1s considered question-
able.

Thirtcen species of wading birds including
herons, egrets, and ibis are reported to nest in
the 24 ccolonics identified for coastal Alabama,
Their seasonal vccurrence, migratory habits, natural
history, and preferred nesting and feeding habitats
in this arca are discussed. Seven species were found
to nest exclusively in the lower reaches of the
cstuary, while only one species was found to nest
exclusively in the delta. The remaining five species
were found to nest in more than one habitat area
of coastal Alabama,

A case study of the wading bird colony on Cat
Island, Alabama illustrates problems that are en-
countered in obtaining the type of information
needed to assess environmental impacts of con-
struction and contamination on wading bird pop-
ulations in the coastal zone. A management plan
based on monitoring of colonial wading bird nest-
ing populations in the Alabama coastal zone is
recommended.

INTRODUCTION

The wading birds (Order Ciconiiformes: herons,
egreis, and ibises) are a conspicuous component
of the coastal, estuarine, and wetland habitats of
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Alabama. Readily recognized by their long bill
and neck, and stilt-like legs (Fig. 1 A-C), wading
birds are most often seen feeding in marshes and
othet wetlands in and around Mobie Bay. Their
presence, in terms of both abundance and diversity,
lends an added dimension to the scenery of the
coastal zonc and provides a terminal link in the
aquatic based food chains of many ecosystems that
they inhabit. Their diet of aquatic animals makes
these species particularly vulnerable to environ-
mental contamination through the biological con-
centration of chemical pollutants (i.c., pesticides
and heavy metals). The tendency of herons, egrets
and ibiscs to assimilate and accumulate pesticides
and other environmental contaminants i1s well-
documented (Faber ¢t al,, 1372 Heath et al,, 1972,
Faber and Hickey 1973, Ohlendorf et _al., 1974,
and others). This sensitivity is currently viewed us a
highly suitable measure ol overall environmental
quality, a measure becoming increasingly important
as industry expands into coastal areas.

Migratory wading birds nest on isolated coastal
islands (see Fig. 1 D-E), in secluded marshes and
mn insular pockets of hardwood wetlands. Suitable
brecding habitats are becoming increasingly scarce
because of encroachment of industrial and urban
development. Although known to be resilient in
re-establishing their populations after direct eradica-
tion (Bent 1926, Robertson and Kushlan 1974),
wading birds may not be able to overcome the
combined effects of reduced environmental quality
and the reduction or alteration of their required
nesting and feeding habitats. For example, South
Florida populations of wading birds continue to
decline despite preservation and protection of their
traditional nesting sites {Kushland and White 1977).
This population decline (89% since the 1930°s) has
heen attributed to altered feeding habitats in this
arez, Local declines of waders in other arcas also
reflect these assumptions (Owen 1960, Imhof
1976). However, Ogden (197B) has recently re-
ported a 2% reoccupation of nesting habitat by
wading birds on the Atlantic coast,

Over the past 10 years colonial wading birds
have attracted much attention. Recent colonijal
bird nesting surveys conducted by U.S. Fish and
Wildlife Service along the Atlantic coast (Custer
and Osbom 1977), and the northern Guif of




Figure -A, Louisiana Heron.

Figure 1-C. Catte Egrets Nesting.
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Figure 1-B. Snowy Egret.
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Figure 1-D. Cat Isiand, Alabama,
Figure 1-E, Cat [sland, Alabama.




Mexico (Portnoy 1977) have been attempts to
establish a nationwide data base for all coastal
colonial nesters in these arcas. Although Portnoy’s
report on colonial wading birds included coastal
Alabama, the eastern limit of his survey was the
westem shore of Mobile Bay and did not include
major wading bird concentrations along the eastem
shore of the Bay, the Fort Morgan Peninsula or
the extensive freshwater arcas of the Mobile Delta.

Portnoy (1977) stated that “changes over time
in nesting populations of colonial seabirds and
waders may be used as biotic indicators of the
stability of coastal ecosystems.” This obviously
requires the collection of reliable, synoptic data
over the entire arca in question, 1t is for this
reason that the following background information
on the colonial nesting wading birds of coastal
Alabama has been assembled. For without ac-
curate and current datza on local wading bird
colony locations and spccies abundance, resource
managers and decision makers cannot effectively
asscss environmental quality of coastal habitats or
allocate and protect habitats critical w wading
bird populations.

INFORMATION SURVEY

Wading Bird Nesting Colonies:

Information on colonial wading-bird nesting
sites for coastal Alabama provided in this report
was gathered from a variety of sources. These in-
cluded: 1} published accounts in the literatue; 2}
local omithological journals and newsletters; 3)
personal communications with local omithologists
and bird enthusiasts; and 4) personal observations
and unpublished data. Because of the subjective
nature of some of these data, the following criteria
were established for their inclusion in this report:
1} substantial documentation of the colony in the
literature; 2) the colony under consideration was
discussed in personal interviews by more than one
person; 3) the nesting colony was observed by an
individual over a period of years; or 4) the nesting
colony was observed by the author,

The results of this wading-bird nesting informa-
tion survey are provided in Appendix A of this
report. All references included fit one or more of
the criteria listed above. In cases where two obser-
vers provided essentially the same information,
only the first interviewee is referenced. An asterisk
is indicated in the appendix for those colonies in
which an exact date of nesting activity could not
be established. In most cases, these were observa-
tions that were made 20 to 30 years ago, therefore,
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their present status as nesting sites was considered
“UNKNOWN.™

Results

The sites of 24 wading-bird nesting colonies
have been identificd for the couastal counties sur-
rounding Mobile Bay, Alabama (Fig. 2, Table 1).

Figure 2. Distribution of Wading Bird Nesting Colonics
Identified for Coastal Alabama During the Present Survey,

Available information on their Jocation, historical
record, species composition and relative abundance,
and present status may be found in Appendix A.
Their distribution and present status in coastal
Alabama as related to habitat type is summarized
in Table 2.

Fifteen (62%) of the wading-bird colonies
identified are reported in the coastal (lower estuary)
habitats of Mobile Bay and are equally distributed
between Mobile and Baldwin counties. Six colonies
{25%) occur at more inland sites usually associated
with freshwater tributaries leading into both Mobile
and Perdido Bays, while only three colonies (13%)
have been identified for the river-delta region.

Only seven of the 24 colonies described sup-
ported nesting populations during 1978 breeding
season and are still considercd active. Six have be-
come inactive and are no longer used as nesting

——




Table 1. Wading Bird Nesting Colonics [dentified for Coastal Alabama, Specics Present, and Their Present Siatus.

Jolony @ Present')
No. Colony Location Species Present ™ Status
1 Petit Bois Island CE, GE, LH NA
2 Isle Aux Herbes LH NA
3 Cat Island CE, GF, SE, RE, GH, LH, LB, WG, GI, Wl A
4 Grant’s Isle LH, SE A
5 Pass Drury LB, GH NA
6 Dauphin Isl. Audubon GB, L.B, GH A
Santuary
7 Salt Creek GH, BC A
8 Sund Island Colonial Seabird (sce text) -
g Navy Cove GB NA
10 Little Point Clear GB UK
11 Little Alligator Lake GB NA
12 Gulf Shares - Orange Beh. GBR UK
13 Walker Island GB A
14 Wecks Bay SE, LH, LB UK
15 Bon Secour River CE UK
16 Ovyster Bay ILH, LB UK
17 Miflin Creek 1.B, CE NA
18 Gatewoad Colony CE, LLB, W] A
19 Southfield and Mims Lake WwI, GE, 1.B, ¥C LK
20 Miftin Lake GH, LB UK
21 Negro Lake GI[, LB, WI, CE, YC UK
22 Blakeley Island Colonial Shore-bird -
23 llog River GIL, LB, CE UK
24 Fast l'owl River G LB UK
25 Theodore-Dawes Rd. LB A
26 I}eakle’s Farm CE UK
a

Coleny numbers used in Figure 1.

h]Specics shbreviations: (B (Cireat Blue lleron), 1.B (Little Blue Heron), LH (Louisiana Herond, GH (Green dleron), 5K (Snowy Egret), CF
{Cattle Egret), GF (Great Fgrety, RE (Reddish Lgret), GI (Glossy Ibis). WI'L (White-faced ibis}, Wi (White Ihis), YT {Yellow-rowned Night
Herond, BC (Black-crowned Night Heron}

c’Cquny status abbreviations: A (Active), NA (Not Activel, and UK (Unknown),

Table 2. Summary of the Distribution of Wading-Bird Nesting Colonies for r
Coastal Alabama, With Respect to Habitat Type and Present Status.

Number of Colonies

Status
Habitat Type Total Yo Active Inactive Unknown
Coasial (lower estuary) 15 62 5 5 5
Inland {upper estuary} 6 25 2 1 3
River-Delta 3 13 — —~ 3




sites by colonial waders, while the status of 11
sites is questionable,

Of the seven nesting colonies still considered
active in the Mobile Bay study area, five are coastal,
located in the Iower portion of the Mobile Bay-
Mississippi Sound estuarine system. Two of the
active colonies are located in more inland areas. No
active wading-bird nesting colonics have been con.
firmed in the delta region since the 1960'.

Thirteen specics of wading-birds have been re-
ported in the present survey as nesting in and
around coastal Alabama. A list of these species,
with information on the number of colonies in
which they occurred, their distribution with respect
to habitat type, and their present status is provided
in Table 3.

Of the thirtcen species nesting in coastal Ala-
bama, seven (54%) were found to nest exclusively
in the lower reaches of the estuary. The only spe-
cies found to nest exclusively in the delta was the
YeHow-crowned Night fleron. The Great llgret is
reported to nest in both coastal colonies as well us
at speciic sites in the delia. The remaining four
species nested in all three habitat areas of coastal
Alabama,

Other Colonial Bird Nesting Sites:

In addition 1o the colonial wading birds dis-
cussed above, two colonial shore and sea bird nest-
ing sites are included in the present survey, The
two areas support populations of birds unique to
our coastal zone of Alabama,

Colony No. 8 located on Sand Island, just
south of Dauphin Island, and just west of the en-
trance to Mobile Bay, represents one of the largest
colonial Ses Bird nesting sites for the state. Species
known to nest on Sand Jsland include: Black Skim-
mer  (Rynchops nigra), Common Tem (Sterna
htrundo), Gull-Billed Tern (Gelochetidon nilotica),
Leust Tern (Sterna alhifrons), and Snowy Plover
(Charadrius alexundrinus). The latter of these spe-
cies is presently listed as threatened on Alabama's
endangered and threatened species list {Boschung
1976). Another threatened species that frequents
Sand Island, but docs not nest there, is the Reddish
Lgret (Dickhromanassa refescens). Increased use of
this once isolated island by boating picknikers and
tiachcombers, especially during the summer nest-
ing scason, undoubtedly will have a pronounced
impact on present populations of species known to
nest there,

Table 3. Wading Birds Nesting in Coastal Alabama; the Number of Colonies in Which They Qccur and Their

Present Status in the Three Habitat Types,

COASTAL INLAND RIVER -DELTA

Species Active Inactive Unkn Total Active Inactive Unkn Total Active Inactive Unkn Total
Great blue heron 2 2 2 6
Little blue herun 2 1 3 6 2 [ 3 6 3 3
Louisiana heron 2 2 2 6
Creen heron 3 1 4 1 2 3 - - 2 2
Snowy egrel 2 1 3
Cuttle cgreq 1 1 ] 3 2 1 2 5 - - 1 1
CGreat cgret 1 ! - 2 - 1 1
Reddish egret - 1 1
Glassy ibis 1 - 1
White-faced ibis 1 - - 1
Whtte ibis - - 1 1 1 ! - - 2 2
Yellow-crowned

night heron - - 2 2
Black-crowned

night-heron 1 - 1
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The other. nesting site of particular concern in-
cludes the dredge spoil areas of Blakeley, Pinto,
and McDuffie Islands. These areas represent the
only known nesting site of the Black-necked Stilt
(Himantopus mexicanus) in Alabama. First re-
ported nesting on Blakeley Island in 1976 by John
Winn (Imhof 1976), the species has increased its
nesting area to include both Pinte and McDuffie
Islands and presently sustains a nesting population
of 58-60 breeding pairs (Personal conversation
March 27-28, 1979 with John T. Winn, Mobile,
Alabama 36609), The consequences of increased,
unmanaged, use of these already industrialized
arcas to the nesting of this specics is uncertain at
this time. A thorough study of the species nesting
requirements, nesting success, and response to
impacts in other arcas is cssential 10 answer ques-
tions regarding their future in Alabama.

NATURAL HISTORY
Great Blue Heron (4rdea herodias)

Largest of the heruns, the Great Blue Ileron is
a locally common, permanent resident of the
coastal zone. Although often encountered in the
upper estuary and river delta, this bird is {requently
seen along the barrier islands during winter and
during the breeding scason. The Great Blue Heron
inhabits fresh to salt water habitats and feeds on a
variety of aquatic animals.

The species breeds locally in solitary to mixed
colonies on Dauphin Island, Walker Island (at the
mouth of Perdide Pass), and along Fort Morgan
Peninsula. The Great Blue Heron prefers insular
stands of tall trees (Pine or Tupelo Gum) ncar or
over water as nesting sites. The nest consists of a
platform of sticks placed in the upper most
branches of the tree. Nesting sites for this species
in other areas are quite variable (Cameron 1906,
Finley 1906, Giles and Marshall 1954, Pratt 1970,
1972a, 1972b, Georing and Cherry 1971, Simersky
1971, McAloncy 1973, Werschkul et al. 1977).
Banding data (Henny 1972) indicates that young
birds produced in this area do not migrate sca-
sonally. The largest nesting colony of Great Blue
Herons for Alabama was reported by M. W. Gaillard
in May, 1943 when 100 breeding pairs were ob-
served nesting near Navy Cove on the Fort Morgan
Peninsula. Since that time this colony of birds ap-
parently has moved up and down the coast in scarch
of new ncsting habitats, The reason for these re-
locations is not fully known. However, increased
restdential and recreational activity along the coast
surely has had some effect.

A slightly larger, all-white subspecies, the Great
White Heron, Ardea herodias occidentalis has been
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sighted about every other summer since 1963
{Imhof 1976). Occurring in a variety of locations
throughout the coastal zone, especially on the
barrier islands, this bird’s status as a threatened
or endangered specics remains undetermined at
this time (Boschung 1976).

Little Biue Heron {Florida cacrulea)

A medium-size wader, the Little Blue Heron is
more common in the upper coastal plain and Ten-
nessee Valley regions of Alabama than along the
Gulf Coast (Imhof 1976). However, the species is
considercd 4 common breeding summer resident of
the coastal area (Keller ct al. 1975) and frequently
winters in the upper estuary and river delta. Re-
cords for Little Blue Herons banded in Alabama
indicate a southerly migration extending through
Florida, the Bahamas, and to Central and South
America (Dusi 1967). At present, the Little Blue
Heron is included on the State’s rare and endan-
gered species list as a species of special concern
(Buschung 1976).

The Little Blue Heron, the most frequently en-
countered wader in the present survey, occurred
in 15 of the 24 colonial nesting sites identificd, Of
these, six were located in the lower estuary along
Mississippi Sound, Dauphin Island, and Perdido
Bay; six were located infand lrom the upper cstu-
ary; and three were located in the delia region. The
relatively low number of Little Blue colonies re-
ported from the delta region is questionable be-
cause this represents the preferred nesting hahitat
for these birds. This more likely represents a lack
of information from this arca rather than a true
reflection of nesting distribution. The vast area,
sparse resident population and inaccessibility of
nesting areas by road or boat make reports of nest-
ing waders scarce. In addition, delta colonies ap-
pear to be ephemeral and move seasonally from
one location to anuther, because of changing con-
ditions in, or adjacent to, the nesting site. Four
possible explanations are: 1) changes in the condi-
tion of the nesting vegetation, 2) changes in the
location and abundance of available food supplies,
3) changes in the accessibility of nesting sites to
predators and disturbance by man, and 4) fluctuat-
ing water levels in the delta. The last of these con-
ditions may have a pronounced effect on all three
of the previcusly mentioned explanations. A more
thorough survey of this region is needed to docu-
ment present locations and populations of nesting
waders in order to assess changes as they accur. In
Louisiana, expansion of field surveys to include the
Atchafalaya River basin, have added well over
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4,000 nesting Little Blue Herons to existing figures LI‘ICI‘{S!}]’; 9({1i ?)212?: (,h]r}SQ é;i?ffi&};r ]:;i; {111695?;)@; firils-
% : 78). enni . Breeding _
(Keanedy 1974, Olen 1978) }J)Iay of this species has been studied recently by
Rodgers (1977, 1978).
Louisiana Heron {/ydranassa tricolor)

The Loulsiana Heron (Fig. 1A) s one of the Green Heron (Buiorides striatus)

abundant estuarine waders nesting along the o )
2?1(:15; ;cl:‘:st (Portnoy 1977). About 1h§ same size The Litile Green Eicron, as 1t is t‘lf}lf.‘ln Calleldl, ]I:
and somewhat similar in appearance to the Little  the smallest of the North Amcm:an. %rons. .
Blue Herun, the Louisiana Heron is reported as 4 commonly seen from spring to “‘,H. in all x,w?t am
common, breeding summer resident to  coastal hab_itals throughouwt th_r: St;{tc. Ilu's'jv.l[:ca_este:
Alabama (Keller et al. 1975, Imhof 1976). Adult  mainly a summer breeding migrant whu'b dWI[?ow]
birds usually migrate south of the US. in late fall ]0.(:‘(1113-r I swampy arcas, along .Dog bdf’l P
(Ymhof 1976), however, small numbers of these Rivers blfl.usual]}-'v travels as far as‘(.u‘ d:, trl) i
birds are known to remain near their breeding  Rico, Trinidad, ‘\cnczua]a‘, and Guyana (Tl;:s_,
colonies during winter (Paul G, Johnson personal ], L., bird banding data in Imhof 1976). 15

observation). bird feeds mainly in fresh to bra}'kish’\f\(«'[z%tcr ’I;at)]l-
This species prefers estuarine marshes, shallow  tats, but may be .fuu_nd on occasion feeding along
bays, and coastal barrier islands as feeding sites. the 'c‘uast (‘m mcchttws.; and bczy:hes. ol .
Its dict, mainly marine and brackish-water fish and lhe Green tleron is secretive and so ltary by
invertebrates, makes it an ideal candidate lTor hioac- nature amd‘ usually nests kl[ﬂ!‘{{:, but may nest oc-
cwnukbztion sindies of pesticides and other chemi. casionally n small single-species gronps, or among
val contaminants in the csluary, other colonial waders, The breeding season for
Although Loutsiana Heron nesting has beenre- Alabama lasts from March o July {Imhof 1976).

ported i the delta region {Reller ¢t al. 1975}, no Nests discovered on Cat Island, Alahama, during
speciflic nesting sites for this arca were reported  the 1976, 1977, and 1978 breeding scasons were
in the present survey., This species was found o composed of twigs lined with grasses and concealed

nest exclusively in the lower ostuary of Mobile  in isolated stands of marsh elder (Jra frutescens),
Bay. These lindings agree with those reported from approximately (.75 m (2.5 feet) above the grou.nd
other aress of the Gull (Portnoy 1977), {Paul G. Johnson Unpublished Data). One nesting

O the six nesting sites entified Tor this spe- site was used for two scasons in a Tow. Nesting

cles, two are considered acuve, two are no longer  sites for other locales have been deseribed by Chase
active, and the status of two located off the castern (1906} and Wheelock {1906)
shore of Bon Secour Bay is questionable, The
nssfor active nesting site for Louisiana lerons in
coastal Mabama is Cat Esland, Cattle Egret (Bubuicus this)
This colony supports a relatively stable popila-
tion ol 600-800 breeding birds (Juhnson Unpubl, This allwhite, stocky egret (Fig. 1C) first ap-
Pata 1976.1978), during the nesting season which peared in the Western Hemisphere in Surinam,
lasts drom April (o July. Nesting success at this South America between 1877 and 1882, and maoved
eolony s vartable and dependent on g varicty of  northward into North America via Florida in about
covirenmental Tactors, Guston and Johnson (1977} 1950. Since then the Cattle Egret has rapidly ex-
reported severe weather conditiong responsible for panded its range across North America. This ap-
nussive nesting failure of Louisiana Herons during parently ynaided trans-Atlantic immigration and
the 1976 nesting season. subsequent colonization of the Americas is well-
A smadler nesting colony on Grant’s Island documented in the literature (Sprunt 19535, Rice

stpports a breeding population of 10 10 20 pair of 1956, Davis 1960, Crosby 1872, Shanholtecs
Leonustiana Herons, The Island’s potential as a major 1972, and others). : ?

Aesting stte 1s limited hecause of its size and paucity First discovered in Alabamu in November
“.f jesting I\'t‘gct;}liun. The large number of adult 1957 (Keller 1957} the lirst positive nesting re-
birds within  this colony repnrtcdl by. P(lrtn(.;yr cord for the state was reported by C. K. Sum.
(1977} was u'ndouhledl'y an overcstimation of jig merour in June 1963, (Dus; and Dusi 1963, Sum.
present brecding potential, . merowr 1964). Since tha time the Cultlc’l-lgrct

Nesting colonies of I,o‘uls:ana Herons from has hecome the dominani nester in mixc(Lspcéics
other arcas have been described by Bent (1904), heron colonies throughout the siate (Imho! 1976),
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and at present is considered a common summer
resident throughout the coastal counties, winter-
ing only rearly in swump habitats of the dver
delta (Keller, et . 1973). The population in-
crease of the Cattle Egret lor Alabama apparently
is not responsible for the relatively small losses of
native North American herons since its introduction.

Primarily a terestrial feeder, the Cattle Egret
is encountered most often in grassy areas border-
ing marshes, zlong roadsides, lawns and in pastures
among cattle, where 1t feeds mainly on a dict of
insccts and amphibians. The movements and dis-
tribution of Cartle Fgrets in Alabama are thought
to depend on the presence or absence of lush pas-
tures and abundant insects {(Dust and Dusi 1967).
Unlike other herons this species is not dependent
on aquatic habitats for feeding or nesting. Their
distribution, abundance, and levels of chemical
contamination in the area are primarily a reflection
of the terrestrial situation.

Breeding populations occur throughout coastal
Alabama in a varicty of habitats {rom marsh islands
in upper Mississippi Sound to upland hardwood
swamps located in the delia, Myjor nesting colonies
identified in the present survey include the Cat
Island Colony, Theodore-Dawes Colony, and Gate-
wood Colony. The Gatewood Colony, relatively
new 1o this arca presumably was cstablished by
breeding birds from the currently inactive Miflin
Creek Colony located approximately 32 km {20
miles) away. This latter colony was abandoned in
197475 because of increased human distrubance
and malictous harassment from local residents
(telephone conversation March 26 and 28th with P.
(Fairly) Chandler, Magnolia Springs, Alabuma
36555).

Although the Cattle Egret arrives along the Ala-
bama Gull Coast in early February (Imhof 1976) it
is usually the last of the wading birds to begin nest-
ing. Records for the Cat Island colony over the
past three nesting seasons (Gaston and Johnson
1977, Johnson, P. G. Unpublished Data) show that
they arrive at the colony site from carly May to
June, and establish nesting sites adjacent to aiready
existing nests of Louisiana Heron, Little Blue
Heron and Snowy Egrets (some of which already
contain eggs and young birds). This delayed nesting
is well-documented in the literature (Dusi 1968,
Dusi and Dusi 1968, Jenni 1961, Dusi et al, 1971,
Weber 1972). T

Data on Cattde LEgret banding recoveries, ob-
servations of population movements, and densities
of the species for the more northern counties of
Alabama, from 1963 to 1967, are provided by Dusi
and Dusi (1967). In summary, Cattle Egrets from
colonies in Alabama migrate westward through

Texas, Mexico, and into Central America. This dif-
fers from the pattem of migration previously men-
tioned for the Little Blue Heron. This westerly
migrational trend appears to coincide with the direc-
tion of range expansion experienced along the Gulf
coast. Byrd (1978), however, suggests that as a
relatively recemt invader, Cattle Egrets may not
have established permanent migratory routes.

Snowy Egret (Egretta thula)

This all-white heron (Fig. 1B) is similar in size
and appearance to the Cattle Lgret and is a com-
maon permanent resident of coastal Alabama (Keller
et al. 1975). The Snowy Egret inhabits a variety of
habitats {requented by other herons and feeds on
small fish and aquatic animais, as well as on insects
in pastures.

Data on the winter migratory habits for this
species in Alabama are sketchy at this time {Ryder
1978). lowever, according to Imhof (1976), large
numbers of these birds are known to congregate in
winter at the head of Mabile Bay,

In the present survey Snowy Egrets were found
to nest exclusively aong the coast, within the
same colonies as those previously mentioned for
Louisiana Herons, These results, however, do not
entirely agree with thase of Portaoy {1977) who
found Snowy Egrets nesting heavily in fresh water
habitats, including cypress swamps. This lurge num-
her of Snowy Egrets nesting in [reshwiter habitats
may be areflection of the major area considered in
his survey (coustal Louisiana), but more likely re-
flects the absence of recent nesting informuation
available for the delwa region of Alabamu.

Seasonal distribution and time ol nesting for
Snowy Egrets in coastal Alabama are cssentially
the same as that for the Louisiana lleron.

Great Eqret (Casmirodius allius)

This large, all-white Egret is a locally-common,
breeding, summer resident in our area (Keller et
al. 1973); wintering regularly on the Guit Coast
and inland near its breeding places (Imhof 1976).
Commonly encountered in the coastal area, the
Great Egret feeds in and frequents the same marshes
and swamps as the Great Blue Heron. Hundreds of
these birds may be seen feeding in winter, especially
along the Mobile Causeway.

This species has made a remarkable recovery
since 11s near-cradication in the carly 1900°s, when
birds were indiscriminately exterminated by the
thousands to provide plume feathers for women's
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hats. In 1924, no species of Egret was known to
nest in the State {Howell 1928), About 1913,
legislation was passed that saved this beautiful bird
from almost sure extinction, and the species has
stnce continued to re-establish its range northward.

Of the three colony sites identified f{or the
Great Egret in coastal Alabama, only one has been
confirmed as an active nesting site. Presumably, the
same breeding pair of birds has been observed nest-
ing on Cat Island successfully for the past three
years (Johnson Unpublished Data). Arriving at the
colony in early April, the birds remain on the is-
land untl their younyg have fledged, usually in
carly July.

The largest reported nesting colony of Great
Egrets for the area was reported in the delta (Lake
Southficld, Colony No. 19) in 1956-1957 when
100-200 breeding pairs were observed nesting with
Litde Blue Herons and White Ihis. The status of
this colony s presently not known, However, as
deseribed for the Great and Litte Blue Herons,
this colony may have moved 1o 2 more remote
section of the river delta. This is likely the case, for
miny adult birds presumably nesting in the area,
are seen every summer feeding in the foud enriched
marshes along the Mobile Causeway and Mobile
and Tensaw Rivers,

Reddish Egret (Ichromanassa rifescens)

The Reddish Egret is a medium-sized wader
fairly common during migration in the coastal area
and occasionally summers or winters on sand beach
habitats which it prefers (Imhof 1976). It is most
commonly seen on the bay side of Bauphin Istand,
Sand Island, and the Fort Morgan Peninsula where
it actively Teeds un marine fish and crustaceans in
shallow bays and mud flats.

Nesting almaost exclusively in coastal arcas in
Texas (Palmer 1962), the Reddish Egret has been
reported as nesting in Alubama only once. This
nesting record was reported by W. M, Gaillard in
1965 for Car Island (Imhof 1976). McMurray
{1971} described typical nest sites and composition
along the lower Texas coast.

The present nesting status for this species in
coustal Alabama is doubtful. However, numbers of
adult birds observed in the area during the summer
breeding scason are on the increase {Mobile Bay
Bird Club Records for Dauphin Island). If this
trend continues nesting may occur in the future,

Biack-Crowned Night Heron (Nycticarax nycti-
corax)

The Black-crowned Night Heron is a locally
common, permancnt resident of the Gulf Coas_t,
presently breeding in small numhc?s on Dauphin
Island. It formerly bred and may still breed at the
head of Mobile Bay and near Mississippi Sound
(Imhof 1976). However, exactl locations of these
nesting sites were not available for the present nest-
g survey.

The Black-crowned Night Heron actively feeds
at night in salt marshes and on the edge of open
bays. The main food of this heron is fish and other
small marine and [reshwater animals.,

The species status is presently listed as, of
special concern, on the State’s rare and endangered
speeies list (Boschung 1976).

Yellow-Crowned Night Heron (Ny ctanassa violacea)

The Yellow-crowned Night Fleron is also a
cemmon, permanent restdent of couastal Alabama,
breeding locally in mixed or single species as-
semblages in the delta. Although a few, single nest
sites have been identified within 30 miles of the
coast (Imhof 1976) no colonial nesting site has
been verified as active in the present survey. The
species 1s most common along the coast in late
summer and fall, when many of the young birds
raised in the delta start moving south into the
lower estuary to feed. Feeding habits for this spe-
cies are essentially the same as discussed previously
for the Black-crowned Night Heron.

Glossy ibis (Piegad/s facinelius)

This dark ibis species is an uncommon, breed-
ing, summer vesident of the coastal arca that fre-
quents salt and brackish marshes, mud flats, and
small bays that border Mobile Bay and Alississippi
Sound {(Imhoff 1976). This species has success-
fully nested on Cat Island in small numbers for
the past five years {Paul G, Johnson Unpublished
Data). Arriving at the colony site in early April,
the birds nest among other waders in marsh elder
and leave the island after the young have fledged
in July,

White-Faced ibis (Plegadis chihi)

This more westerly distributed dark ibis is rare
to the Gulf coast of Alabama and occurs in the
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same habitats as the Glossy Ibis. The reported nest-
ing of these two species on Cat Island for the past
three years is most significant in that it represents
one of three areas in the world where dark ibis
sympatry occurs (Duncan and Johnson 1977). The
other two areas listed by Pratt (1976) are Cameron
Parish, I.ouisiana, and the Mississippi Delta.

White Mhis {Evdocimus atbus)

This, almost all-white bird is common along the
barrier islands, upper Mobile Bay, and delta region
in late summer and fall (Keller et al. 1975). Once
an abundant breeder at upland and river delta nest-
ing sites, the present nesting status of this species
in these arcas is questionable,

CAT ISLAND COLONY DESCRIPTIONS

Cat Island, Alabama (Fig. L-TF) is a 5.2 ha
(13-acre} island, located 11 km (6.8 miles) north of
Dauphin Island and | km (0.62 miles) south of the
Alabama mainland. Fifty percent of the island is
covered by tidally inundated salt marsh providing
an ideal feeding habitut for most wading birds that
nest there. Twenty percent or approximately 0.9
ha (2.25 acres) of the island is densely populated
with marsh clder and groundsel tree (Baccharis
halimifolia), which grows to a maximum height of
2 tm (6.4-10 fteet) (Gaston and Johnson 1977),
This vegetated portion of the island provides nest.
ing habitat for the eight species of wading bixds
known to nest there (Table 1}. Approximately
2500 nests of these species were found in this area
during the brecding season, making Cat Island the
largest coastal heron-egret colony in Alabama.

In addition to the availability of nesting sitcs
and food sources, scveral other features of Cat
[sland make it an ideal location for a wading-bird
nesting colony. Because it is surrounded by shallow
water and oyster shoals, it is isolated from most
human intrusion and protected from most main-
land predators (i.e., racoons and opossums) not
indigenous to the island. Moreover, while the
vegetation of the island is optimal for wading birds,
it lacks pine trees and is thus quite unsuitable for
nesting by predaccous fish crows (Corvus ossifragus)
which often pillage heron and egret colonies near
their nests. However, some crow predation has
been observed on Cat Island {Gaston and Johnson
1977).

Data on colony structure and nesting success
for Cat Jsland have been obtained for the past
three nesting seasons. However, problems in

methodology of data collection resuited in only a
preliminary bascline for the above parameters. A
review of these problems hopefully will elucidate
the difficulties involved in vbtaining and interpret-
ing information on heron-egret colonies, For ex-
ample, past survey methods for estimating nesting
populations of wading birds on Cat Island were
variable with respect to the time, place, and num-
ber of times they were taken each year. This is
quite important for certain species of wading birds
prefer to nest in specific areas of the island and
initiate and cease nesting at different times during
the nesting scuson. This nest site selection and
nesting chronology can have a profound effect on
population estimates if an investigator is not
familiar with their occurrences. A combination of
belt transect samples of active nests and visnal
ground andfor aeriul estimates of adults present at
specific times during the nesting season is the best
method of censusing nesting populations of colonial
waders on Cat [sland, Alabama (Portnoy 1977,
Johnson personal observation).

In addition, early identifications of nests used
in determining nesting success for cerlain species
of waders were not always accurate. This was at-
tributed to uncertainty in distinguishing between
the young of certain species of wading birds {cs-
pecially the Little Blue Heron and Snowy Egret}
and the inability of the investigator to assign a
species name to nests that were abandoned prior
to cgg hatching. Both these problems have, how-
ever, been corrected through reference to material
on ficld identification of nestling herons and egrets
(Dusi 1966, McVaugh 1972) and expericnce devel-
aped by the researchers over the years.

In light of these problems and solutions, cer-
tain conclusions can be drawn from the informa-
tion collected on Cat Island. In general, colony
structure (i.c., species present and their relative
abunduance} does not appear 10 have changed over
the last three vears; however, nesting success for
sefected specics has fluctuated drastically. For ex.
ampic, nesting success (number of birds fledged/
number of eggs produced x 100} determined for
90 Louisiana heron nests surveyed by Gaston and
Johnson (1977) during the 1976 nesting season
was only 18.1% as compared to 71.7% {46 nests)
reported for the following year (Johnson Unpub.-
lished Data}. The low nesting success reported
for 1976 was attributed 10 adverse weather con.
ditions during the early part of the nesting scason
when the survey was made, resulting in high
mortality of hatchlings for this species (Gaston and
Jobhnson 1977),

Fluctuations in nesting success for Cattle
Egrets have also been noted on Cat Island. In 19786,

235

R A R



78% nesting success was reported for this species
for the 47 nests surveyed (Gaston and Johnson
1977). In 1977, only 58.4% of the eggs laid in tl"le
81 nests surveyed produced fledglings, and in
1978 a complete nesting failure was observed for
Cattle Egrets attempting to nest on Cat Island
(Johnson Unpublished Data). Explanations for
these changes in nesting success exhibited by Cattle
Egrets arc not apparent at this time. However, they
do tend to show the variability that can be encoun-
tered in monitoring nests in heron and egret
colonics,

MANAGEMENT PLAN

Preliminary  bascline data are available for
selected nesting populations of colonial wading
birds in couastal Alabama, However, a more refined
and comprehensive survey program is needed to
assess environmental impacts of habitat alteration
and contaminations on wading-bird populations in
the coustal sone. In order to accomphsh this task,
4 program lor monitoring wading-hird colonies in
coastal Alabama is proposed.

This monitoring program may be divided into
two phases, The Tirest phase would entail
date ficld suevey of coastal Alabama to document
the present location of wiling-bird colonies and
standardized estimates of abundance of each spe-
¢ies nesting at each colony site. This field survey
sheald be repeated at teust every live years to cor-
relate papidation trends of colonial waders with
development teends in particubar areas of the Ala-
bama coastal zone, as well us trends established
for the Athantic coast and adjacent Gull states,

The second phuse of the survey program would
be the sclection of specific colony sites represcnta-
tive of the three habitat ypes delineated in this
review (tower estuary, inland, and ri\'cr-dclla) for
4 continuing, vearly nemitoring  program. The
sclection of the (iree colonies for yearly monitor.
ing wauld be based on data provided in Phise ane

of the munagement Program. For selection colonies
should;

an up-to-

Be representative of mest
celonies Tound in this pirti
wpe with reg
and nest site

wading  bird
cular habitat
Peet to species composition
compaosition;

2. Support a significant nesting ropulation of
birdy inhabiting this particualar habitat type;
3. Be relatively well-established and #ccessible
for study,
The d

atit 1o be collected for cach colony are;

e ——
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1. Coleny  structure: spocies Cl_’“'lpositi()n
relative abundance and succession of nﬁ‘stj
ing species; .

2. Nesting success: cluich size and SUTViyay

rate of eggs and nestlings of selected gpe
Density  dependent population Presg
predation, interspecics com_pt'l{tlon,
food and hubitat resource utilization;

Density  independent pressurcs: rainfall,
temperature, storms, nesl o site Changcs,
water levels, ete. .

Passible  contaminants: pcﬁstllede and
related compound residue levels in 88S and
young of selected species, and €2 shel]
thickness,

The methodology for collecting these data,
along with a more detaifed rationale for its inter.
pretation has been previously outlined for the Cat
Island colony (Duncan and Johnson 1978), hg
program tormat can be veadily applied 1o other
colony sites in the coastal zone.

This monitoring program will provide an objec.
tive and ongoing indication of both natural and
environmental {actors cffecting changes in  the
coastal zone. The 1ype of information provided
in the two phases of this monitoring program is
needed o differentiate hetween the variabyility
of colony structure and nesting success caused by
natural fluctnations in environmenta conditions
and those attributed 1o non-cyclic influences of
encroaching coastal development.

Further management potential, especially at-
tractive in light ol current dredge material disposal
practices in Mobile Bay, is the use of dredge islands
45 nesting sites by wading birds, Parncil and Soots
(1978} have suggested that declines jn natural nest-
ing habitat have been more than offset by the avail-
ability of spoil islands, resulting in an overall in-
crease in wader populations on the cast coast. They
estimate that herons and cgrets will begin nesting
as carly as ten vears after deposition and will con-
tinue 0 utilize g given site [or thirty plus years
(Swots und Paneli, 1975). Many other specics O
colonial  nesting  scubirds, however, including
American Oystercatchers ({facmatopus paib'atu-‘)!
Gulli-billed Terns, Black Skimmers and Common
Terns will nest ogn spoil islands during the first oF
second year. Factors which are significant in the s€-
lection of spoil islands for cstuarine heronri€s
include: (1) availabiliy, {2) stability, clevation
above mean high water and appr0pria[c Vegctation,
{8) location near inlets with high prey density an
{4) location in open water which rmaintaips an ?b'
sence of mammalian predators, Legal, financialy
engincering  and management consideration f(_)f
development of dredge islands are reviewed 1P
ots {1975)

Cles;
ures.
and

[&]]

Parnell and So
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WATERFOWL IN THE MOBILE ESTUARY

W, Walter Bashears, Jr.
Department of Conservation and Natural Resources
Division of Game and Fish
Montgomery, Aiabama 36130

ABSTRACT

The Lowcr Mobile Delta is the most imporiant
waterfow! habitat in the Mobile Estuary, Alabama,
with 95% of the total wintering populations and
95% of the total harvest. Within a 37-year period
between 1939 and 1978, the highest number of
ducks recorded was 104,000 in 1941, while the
highest number of coots seen was 4,000 in 1943.
There are no wintering geese in the Mobile Delia,
Relatively few ducks are found in Mobile Bay from
a point three miles south of Battleship Parkway to
the Gulf Coast. Twenty specics of ducks have been
recorded in the Delta. Lesser scaup, gadwall, green-
winged teal, mallard, wigeon, ringneck, and pintail,
in that order, are the most important species. Few
mergansers winter on the Delta. Coots are im-
portant game birds in the Delta and arc harvested
in greater numbers than any other bird. The average
daily bag of ducks is 1.64 while the average for
coots is 2.30 per hunter per day. Harvest figures in
the Delta compare favorably with those from
public shooting arcas in other sections of the United
States, Crippling losses arc 15% to 20%. Between
75 and 100 arrests are madc annually for violations
of waterfowl hunting regulations. Mobilians make
up 90% of the hunters on Mobile Delta, while 5%
are from Baldwin County, and 5% are from other
counties or out of state. Less than 5% of Delta
hunters are black. About 5% are over 65, while 3%
are under 16 years of age.

Possible management measures recommended
in previous studies include diking and plantings of
beth wild and domestic plant species; however,
these are not recommended at present due to pro-
hibitive costs. Local regulations and restrictions on
hunting are not recommended. Spot control of
water hyacinth is recommended. Other recommen-
dations include the purchase of marshland in fee
title, close monitoring of Eurasian milfoil, and the
elimination or reduction of pollution to a level
compatible with basic biological needs of ptant and
animal life of the Estuary.
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INTRODUCTION

Nearly all available information on waterfowl
in the Mobile Estuary is from the Lower Mobile
Delta, or trecless partion, from Chuckfey Bay
southward to a line 3.2 to 4.8 km (2 to 3 miles)
below Battleship Parkway (previously the Bay
Bridge, or Cochrane Bridge, Causeway)(Fig. 1}.
The southern boundary corresponds with the outer
limits of submerged aquatic plant life. This Lower
Delta is about 20,235 hectares (50,000 acres) of
which one-half is open water. It is approximately
25% of the entire area in southwest Alabama com-
monly known as the Mobile Deita, which extends
from the open Mobile Bay to the confluence of the
Alabama and Tombigbee Rivers—a distance of
about 64 km (40 miles) in a straight line. It is
about 16 km (10 miles) wide and, unlike a typical
delta, is bound on both sides by high land. An esti-
mated 95% of waterfowl populations in the Mobile
Estuary winters in the Lower Delta, and 95% of
the hunting vccurs here.

The Lower Mobile Delta, with its shallow bays
and grass-covered marshes, has been the subject of
a number of studies dealing with waterfowl and
waterfow! food sources. Two of the first recorded
investigations were by Neil Hotchkiss, U.S. Biologi-
cal Survey (now U.S. Fish and Wildlife Service),
who examined the feasibility of establishing a mi-
gratory waterfow! refuge in 1930 and 1335. John J.
Lynch reported on the waterfow] food resources of
Mobile Bay in 1940. George C. Moore listed the
waterfowl foods from a study in 1941, Francis X,
Lueth was the project Jeader for the Mobile Bay
Waterfowt and Muskrat Research from 1946 to
1950. A final report was distributed on this study
in 1963. William P. Baldwin, Wildlife Management
Consultant, Summerville, South Carolina, in 1956
published a report entitled “An Inspection of
Waterfowl Habitats in the Mobile Bay Area,”
which also included coastal areas of Mobile and
Baldwin Counties. Herbert L. Dozier (1942) and
Francis M. Uhler {1956, unpublished, U.S. Fish
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Figure 1. Lower Mobile Delta.

and Wildlife Service) are other wildlife authorities
who have studied and reported on the fauna and
Mora of the Delta.

The author first studied the Mobile Delta in
1952, and results are included in the report
“Ajabama Waterfowl Habitat Investigation™ pub-
lished in March 1955. The habitat study was ¢x-
panded in late 1952 to include aerial inventories
and hunter bag checks, Populations and hunter kill
data have been collected each winter season since
that time {no kill data were collected in 1960). Job
progress reports on winter inventory and waterfowl
harvest and hunting pressure were published in
1969, These reports included 17 years of data from
the Lower Delta, Annual job progress reports of
the Wildlife Section, Alabama Department of Con-
servation and Natural Resources, Division of Game
and Fish, have included these data since that time,

After the Baldwin study, a new job was added
to the Wildlife Section’s waterfowl studies in 1957.
The Mobile Delta Vegetative Study has been made
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cach late surnmer or carly lall since that time to
determine gross ccological chunges in plant species
composition, and association, with particular em-
phasis on those submerged aquatics that furnish the
bulk of the food for waterfowl, Bottom samples of
submerged plants are taken from the same areas
each year. The amounts and kinds of cmergent
plants also are recorded at the same locations.
Fifty fixed camera points with numbered marker
signs show changes that occur from year to year.,

WATERFOWL POPULATIONS

Waterfowl inventory figures are available for
the Lower Mobile Delta from 1939 through 1949
(Fig. 2), and from 1952 through January 1979
(Table 1). They show considerable differences in
numbers of both ducks and coots observed during
these periods. The greatest number of ducks was
104,000 recorded in January 1941, The highest
figure for coots was 44,000 observed in January
1943, The lowest count of ducks was 4,918 in
January 1975, while the lowest number of coots
was 6,000 in January 1941,

Few peese have been observed by Delta census
takers. Lucth stated that “The geese are usually
transients, and in many years may fly over, but
rarcly stop on the Delta, In 1947, flocks of geese
could he heard at night during late October and
throughout November. In 1948, a flock was heard
over Blakeley Island on October 20, Six (presuma-
bly Canada geese, Brante canadensis) were seen
resting in some water-filled sand pits on that island
on October 22, The same number of birds in the
same ponds were observed on October 28. Some-
time during the week of November 15, a flock of
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Figure 2. Mobile Delta Waterfow!] Inventories, 1939-1949
{Lueth).



Table 1. Wintering Populations of Ducks and Caots
in the Lower Mebile Delta,

December
_Ycar Ducks Coots

1952 99,925 26,065 36,063 20,280 37,222 18,600
1953 20,810 25,000 32,342 12,000 18,488 15,000
1954 28268 15,150 29,420 15,800 21,545 19,000
1955 12,750 10,000 17,045 11,800 14,930 8,600
1956 19,200 15,000 27,150 18,000 21,310 17,005
1957 11,870 6,300 9,715 11,800 12,627 12,000
1958 25,000 25,000 18,800 16,000 18,625 16,275
1959 14,060 13,050 16,000 15,000 13,165 19,450
1960 23,146 21,440 18,250 25,000 19,759 29,500
1961 11,770 13,925 17,151 18,760 18,800 18,300
1952 22,000 17,975 29,935 36,265 28,599 28,825
1963 28,050 27,175 24,170 23,225 17,850 19,950
1964 17,842 24,700 17,200 15,000 18,922 17,600
1965 36,805 35,550 20,000 12,000 22,500 16,225
1966 25,000 25,000 18,450 27,200 18,475 20,600

November
Ducks Coots

January
Ducks Cools

1967 5560 8,200 11,743 14,644 10,000 10,000
1968 17,500 7,250 19,175 22,580 7,575 7,625
1969 12,503 20,825 14,778 12,115 10,600 10,000
1970 15,126 31,240 7,116 20,095 6,765 14,035
1971 13,387 35,225 8,365 17,760 7,198 12,725
1972 8,559 16,745 5,160 11,550 5,043 11,595
1973 a/ 12,108 35,100 6,300 21,800
1974 27,048 28,150 4,918 15,595
1975 13,476 36,360 5,610 27,5370
1976 13,931 57,942 10,895 28,722
1977 11,990 19,050 10,680 22,900

1378 b/ 12,300 16,600 12,000 14,000

aj Only two counts per year have been made since 1973

bj The 1978 census was on 11/13{78 because of the zoning
of Mobile and Baldwin Counties and early opening of
the duck seasonon 11/16/78, From 1973 through 1977,
the first inventory was about December 1, or just prior
to opening of the hunting season. '

from 40 1o 100 blue geese (Lesser snuw peese,
Anser cacrulescens caerulescens) began to feed ona
spoil pile formed by dredging the Mobile River,
where they remaincd until November 29. Singles,
pairs, and trios of geese werc seen after this, and an
occasional one was taken by hunters.”

A total of 50 Canada geese and 50 lesser snow
geesc was scen in November 1958, and 100 Canadas
were recorded in November 1961. Hunter bag
checks since 1952 also have shown that few geese
are killed on the Delta. One or two lesser snow
geese were checked the first of the hunting seasons
in 1952, 1953, 1955, and 1957. Eight lesser snows
were checked in 1958. One Canada goose was
checked in 1962,

Only a few aerial inventories have been made
of Mobile Bay and the coastal areas of Mobile and
Baldwin Counties. Lueth reported 8,500 ducks
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seen in lower Mobile Bay from the southern end of
the study area to the coast—Mississippi to Florida
lines—in 1947. He saw 7,000 ducks in this area in
1948, Some flights were made in the 1950's, usually
in conjunction with the January mid-winter in-
ventory, down the western side of the Bay, in Heron
Bay, Portersficid Bay, and Grand Bay along the
Mobile Coast, in the Navy Cove-Three Rivers area
of the Fort Morgan Peninsula of Baldwin County,
and back up the eastern side of Mobile Bay to the
Causeway. About 4,500 birds were observed on
one flight; however, most counts totalled only
about 300 to 500 ducks, and for this large acreage
did not justify the effort and expense.

Most species of ducks are either migrants or
winter residents in the Lower Mobile Delta. Only
small numbers of the wood duck (d4ix sponsd)
and mottled duck (Anas fulviguia maculosa) are
brecders and summer residents.

Alabama is one of 14 states in the Mississippi
Flyway. It is at the southeastern edge of the
flyway, and therefore, does not receive large winter-
ing duck concentrations. The bulk of the flyway
population, of course, migrates down the Miss-
issippi River and winters in the vast expanse of
marshland in Louisiana.

Three factors influence variations in numbers
of waterfowl in the Mobile Delta. Weather 1s a very
important factor affecting numbers of wintering
birds. The area is at the southem end of the flyway,
and more ducks and coots will stay in more north-
ern climates when the winters are warm. The
heaviest concentrations in the Delta were in 1940
and 1941, years of cold winter tempevatures. Thesc
were also years of high continental populations,
which is the second influencing factor. The third
factor is commonly known as “short-stopping’ of
birds on arcas to the north. In recent years, states
1o the north have developed attractive feeding
areas which now hold and winter ducks even in ex-
treme cold weather that would normally move
them farther south. With limited continental popu-
lations, the Delta will never again experience the
high populations of the carly 1940’s, A fourth
factor, which is just beginning to influence numbers
of waterfowl in the Delta, is the decrease in desira-
ble submerged aquatic duck foods.

Migration
Dabbling Ducks
The blue-winged teal (Anas discors) is the

earliest fall migrant to appear on the Lower Mobile
Delta, with the first flights observed about mid-




August In most years. Peak populations of blue-
wings oceur about the first of October. Teal inven-
tories made during the first years of the special
9.day September teal season showed 5,000 to
10,000 birds. Green-winged teal (Anas crecca carol-
inensts) and a few pintails (Anas acuta acuta) arrive
in late September. Greenwings account for 5% to
10% of the total bag of teal in the September season,

Most of the bluewings have moved on to Cen-
tral America and points farther south by mid-
November, with only a few remaining after the
first of December. They appear again in large num-
bers about mid-February 1o mid-March during
the northward spring migration to the breeding
grounds. Some linger as late as mid-May.

Green-winged teal and pintail arrive in large
numbers the latter part of October, with peak
populations present about mid-November. Both
species are winter residents on the Delta, with
greenwings nearly always more numerous than
pintais.

Most other species of dabbling ducks that
winter on the Delta begin to armrive abour mid-
October. These include mallards (Anas platyrhyn-
chos platyriynchos), black ducks (Anas rub-
ripes), shoveler (Anas clypeata), gadwall (Anas
strepera), and American wigeon (Anas americana).
Peak populations of the first four occur about mid-
December, while the highest numbers of wigeon
are present the latter part of December.

Diving Ducks

The diving ducks, except redheads (Aythya
americana) and canvasbacks (Aythya valisineria),
arrive in significant numbers in late October, and
recach peak numbers in late November. These in-
clude lesscr scaup (Aythya affinis), ring-necked
ducks (Aythya collars), ruddy ducks {Oxyura
jamaicensis rubida), buffleheads (Bucephala al
beola), goldeneyes (Bucephale clangula americana),
oldsquaws (Clangula hyemalis), and greater scaup
{Aythya marila mariloides). Redheads and canvas-
backs first appear in the Delta in significant num-
bers in late November, with peak numbers in late
December. Lesser scaup and ringnecks usually
make up the bulk of the diver populations that
winter tn the Delta. Ruddy ducks and buffleheads
are fairly common in most years, while golden-
eyes, oldsquaws, and greater scaup are rare in
most years.

All of the above named species of ducks
have been observed and recorded in the aenal in-
ventories and hunter bag checks of the Lower
Mobile Delta. There is one record of another duck,
the fulvous tree duck, or whistling duck {Dendro-

cygna bicolor helva), checked in a hunter's bag
in 1956.

Mergansers

Merganscrs have never been recorded in sub-
stantial numbers on inventories of the Mobile Delta,
and figures for this group of birds are not given in
this report. Hooded merganscrs {(Mergus cucullatus)
are even more rarc in the Lower Delta than wood
ducks, although both of these cavity nesters are
common in the Upper Delta from Chuckfey Bay
northward, The commoen merganser  (Mergus
merganser americanus) also is few in number in
the Lower Delta. The red-breastcd merganser
(Mergus serrator} is the most common winter
resident of the Delta, with 1,000, or more, re-
corded on some inventories. Large numbers of
common and red-breasted mergansers have been
observed at times in coastal areas.

Coots

The American coot (Fulica amencana), a
member of the family Rallidae, is an important
game bird in the Lower Mobile Delta, and for this
reason it is discussed in this paper. Coots are taken
in greater numbers than anv other species in this
area. There arc a few records of coots breeding in
the Delta. Although no actual nests have been
found, the young have been seen and recorded on a
number of occasions in late sammer {Imhof 1976).

The first flights of coots arrive around the first
of October, and peak populations occur about mid-
November. In some years, populations have de-
creased somewhat about December I, with a
second peak noted about mid-December or the
latter part of December.

A great many hunters at Mobile consider coots
10 be a delicacy. Each year on opening day of the
duck hunting season, some coot hunters are checked
coming out of the marsh after an hour or less of
hunting, with their limit of 15 coots. They have
not attempted to shoot a duck. They have only the
ingredients for their favorite dish—“Poule d’eau
stew.”

Mgvements Within the Areg

Lueth discussed movements of waterfowl in
the Lower Delta. He stated that althongh move-
ments are affected by hunting pressure, they can
best be correlated with the availability of food. In
all three years of his study, the first arrivals of

252




ducks and coots visited arcas where foods were not
only abundant but where they were readily available
with a minimum of dabbling. Vegetation in deep
water, or aquatic vegetation exposed or nearly ex-
posed on “mud flats” was seldom used by any
waterfow] prior to the shooting scason.

In most years prior to the hunting season, gad-
wall, wigeon, and coots concentrate in Chocalata
Bay. A great deal of the hunting pressure is exerted
in this bay the first few days of the scason each
year, and this causes the birds to leave in the morn-
ing and return after shooting hours. Pre-hunting
season concentrations in Grand Bay usually are
relatively small. After the start of the season, how-
ever, large concentrations building up in the center
of this large bay, where there is little food. Pre-
hunting season pupulations usually are high in the
area immediately south of Bauleship Parkway
where submerged aquatics grow. When the shoot-
ing begins, the birds often raft by the thousands in
the open waters {ar below the Parkway where the
bunters cannot get to them.

Tidal Fluctuations

Tide fluctuation in the Declta affects the availa-
bility of watcrfow] foods, and this in turn affects
movements of waterfowl within the arca. Mobile
Bay is on that portion of the Gulf Coast where
there is only one tide daily. From September 15
through March 15, the majority ol the high tides
occur at might, while the rest of the year they
occur during the day. During spring tides, which
occur on the new and full moon, fluctuation is
from .675m (2.25 feet) to .75m (2.5 feet) be-
tween high and low tides. Neap tides occur during
the first and third quarters of the moon, and
fluctuation is often less than 30 m (one foot).
From the lowest to the highest tide each month,
there is a difference of about 1.2 m (four feet}.
The average daily fluctuation, however, is about
465 m (1.55 feet). The tide cycle takes about 25
hours, and when a neap tide occurs, there is a re-
arranging of time and a new cycle begins. Wind
velocity and direction greatly influence tidal
fluctuations and food availability. Strong north
winds cause low tides, and strong south winds
causc high tides.

River floods also have an effect an water Jevels,
It is not great along Battleship Parkway, but does
influence the vegetation and waterfowl popqlanons
in Chuckfey Bay. Such floods usually are in Feb-
ruary or March.
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HARVEST AND HUNTING PRESSURE
Daily Bags

Waterfowl harvest and hunting pressurc figures
for the Lower Mobile Delta have been compiled for
the years 1952-78, with the exception of 1960
when no bag checks were made, and are listed in
Table 2. Lueth obtained figures during his 3-year
study in 1946-49, and thesc are given in Table 3.
In spite of considerable fluctuations in popula-
tions, the daily bag of ducks for the average hunter
has been fairly consistent through the years. The
lowest daily bag was .58 ducks per hunter per day
reported by Lueth in 1946, while the highest daily
bag was 2.59 ducks per hunter per day in the hunt-
ing season of 1978. Lucth reported daily bags of
1.17 in 1947 and 1.42 in 1948. The daily bag
averaged 1.0 ducks or more per hunter per day in
all but five of the 26 years of bag checks from
1952-78.

Lueth reported that Mobile Delta hunters
averaged 5.63 coots per hunter per day in 1946,
3.07 in 1947, and 3.0} in 1948. The average daily
bag of coots, as shown in Table 2, has Huctuated a
great deal in the years 1952-78. The highest daily
bag of coots during this period was 5.08 in 1975,
while the lowest daily bag was 0.8 in 1965.

Comparison with Other Areas

The average daily bag of 1.64 ducks and 2.30
coots for the Delta can be considered as good for a
public shooting area. The figures compare {avor-
ably with those from other section of the country.
Lueth reported 1.31 ducks and .78 coots per hunter
in 1944 and 1.02 ducks and .48 coots per hunter in
1945 from figures he obtained at Rice Lake Wildlife
Area, a controlled public shooting arca in Ilinois.
The daily bag has averaged about 0.5 ducks per
hunter on the Tennessce River public shooting
areas in north Alabama throughour the ycars since
1953. According to administrative reports from the
Fish and Wildlife Service, the average daily bag for
the entire Mississippi Flyway cach year is less than
1.0 duck per hunter.

Species Composition

Lucth reported that gadwalls were by far the
most important species harvested by hunters in all
three years of his study in 1946-49. Lesser scaup
ranked second for two years, while ringnecks were
second the third year. The canvasback was third,
fourth, and fifth in each of the three years. Lueth
further reported that although pintails made up




Table 2. Waterfowl Harvest and Hunting Pressure
in the Lower Mobile Delta.

Hunters Hours Hours/ Ducks Ducks/ Coots Cootsf
Xear Checked Hunted Hunter Checked Hunter Checked Hunter
1952 750 2,278 3.0 1,643 219 1,643 i-;g
1958 426 1,522 3.537 633 I‘-‘lvg 1.8%4 4.0
1954 751 2,959 354 1,136 1.::1 3,299 2.21
1953 577 2,715 4.7 986 1.71 1,278 .
1956 497 2,050 1.1 634 1.32 1,201 3,42
1957 323 1,363 4.2 297 G2 94? _.93
1958 387 1,477 3.8 530 1.37 1,137 2.9
1959 111 32% 2,96 204 1.54 112 1.0
1960 o )
1961 1533 490 3.2 274 1.78 138 1.03
1962 79 225 2.8 63 B 143 1.8
1963 116 364 3.1 203 1.73 186 1.6
1964 37 228 1.0 121 212 220 3.86
1965 106 413 39 204 1.9 83 .8
1966 87 284 3.26 68 78 168 1.94
1967 97 392 4.0 199 2.05 130 1.34
1968 163 570 349 221 1.36 147 .80
1969 #4 410 4,88 214 2.3 77 .92
1950 147 523 3.36 246 1.67 506 2.08
1971 50 124 748 48 N6 73 1.46
1972 220 392 269 186 85 674 3.06
1973 270 720 354 b63 246 865 3.2
1974 83 280 33 126 1.5 101 1.2
1975 279 1,001 358 492 1.76 1,419 5.08
1976 217 732 3.57 354 1.6 644 2.9
1977 2R1 664 236 568 2.0 593 2.1
1978 338 1,561 41,05 B72 2.59 899 2.64
Table 3. Waterfow) Hunters and Kill Refuge was started with a large acreuge of “green-
Mobile Bay Delta trec™ reservorrs. This refuge proved 1o be on 1he
{Lueth 1950} “flight lane” of mallards w Mobile, since their
numbers were reduced immediately in the Delra.
19_46"9” 1947.1948  1948-1949 They have remained relatih cly unimportant and
Season Dates Nov, :;3' Dec. : Nov. 26- have been fourth or fifth in the bag in most of the
Jan. Jan. Dec. 25 hunting seasons since that time.
Number of Davs 15 294 agi, Lesser scaup have been the number one duck in
.\'L.mat?:.rluf Huni- hunter's bags in nine of the 26 vears in which kill
\_‘“3 Crips 6,250 7,000 7,700 data have heen obtained, while gadiwalls have been
' :"::"; of Ducks s 6o , number one cight years, green-winged teal seven
e 623 8,200 10,900 vears, mallards one year, and ringnecks one vear,
Number of Cools H o >
Kitled 35,200 21,500 23,200 I
Ducks per Hunter- Crippling Losses
Day 58 1.17 1.42 : _ _
Coots per Hunter- Hunters intenviewed throughout the studies at
Lhay 3.63 3.07 1.01 Mobile Delta have been asked the number of ducks

6.6% of the kill in 1947 and mallards 6.0% in
1946, they were relatively unimportant during his

study,

Species composition of the eight major species
for the years 1932-78 is shown in Table 4. Mallards
were number one the first vear in 1952, when they
accounted for 27.0% of the total bag. They ranked
second to the gadwall for the next three vears,
1953.33, at which time Noxubee National Wildlife

downed but not retricved 1o determine crippling
loss. They usually report 15% to 20% crippled.

Hunting Pressure Fluctuations

The number of hunters has alway's been greatest
on the stariing day of the season each vear, Num-
bers decrease about 30% on the second day, and
another 25% the third dav. There is nearly always
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Table 4. Species Composition of Ducks Killed

in the Lower Mobile Delta (Percent)

1971 Mallard Gadwall Wigeon G.W. Teal Pintail Scaup Ringneck Can'back
1952 27.0 223 10.2 9.0 7.0 18.2 4.8 4.2
1953 17.4 20.1 14.2 3.3 5.3 16.1 11.5 3.1
1954 20.4 $0.4 9.5 4.4 4.0 9.5 6.0 4.4
1955 16.8 31.0 13.9 2.0 5.2 9.0 11.5 7.3
1956 7.5 39.7 18.2 4.4 8.8 6.6 4.6 3.8
1957 8.0 32.0 15.5 5.7 2.7 19.2 2.3 1.7
1958 13.4 12.6 12.8 5.1 5.7 18.7 13,6 4.0
1959 9.8 13.2 1.0 12.2 1.0 53.4 1.0 2.4
1960

1961 7.6 9.4 6.2 16.4 6.2 37.2 3.2 2.5
1962 15.8 19.0 7.9 3.1 4.7 3.1 25.3 3.1
1963 9.3 6.8 7.8 15.7 9.3 30.0 8.8 2.8
1964 4.1 16.5 10.7 6.6 2.4 38.0 24 7.4
1965 4.9 32,8 22,1 5.9 8.3 10.8 2.4 54
1966 11.7 18.1 8.8 11.8 7.4 1.2 5.9 2.9
1967 7.0 17.0 12.5 21.1 16.0 4.0 B 4.5
1968 6.9 4.0 8.7 48.5 7.2 4.1 1.8 4,0
1969 7.0 15.4 10.2 20.0 17.2 10.2 1.4 5.1
1970 11.4 18.7 15.0 26.0 4.4 11.4 2.8 2.8
1971 6.2 575 12.5 14.5 4.2 14.5 4.2 2.1
1972 1.6 2.2 2.2 89.2 1.1 25.8 .6 -
1973 b 1.2 3 5.0 1.4 84.6 3.2 -
1974 - B.7 4.7 20,6 6.3 40.5 1.6 -
1975 . 6.9 7.1 4.1 31.1 6.7 5.9 5.3 --
1976 10.4 6.2 7.3 13.5 6.7 30.5 5.1 -
1977 2.3 4.7 3.9 17.9 5.5 51.4 1.4 -
1978 10.8 6.8 7.1 29.3 12.6 12.9 4.0 -

an increase in hunters on weekends and holidays,
except Christmas day. The smallest numbers of
hunters usually is on Mondays.

Violations

State Conservation Officers and Federal Game
Agents do not encounter an excessive amount of
violations in the Delta. The area is readily accessi-
ble to both the hunter and the officer. Local
officers and agents are assisted by those from other
localities at the beginning of the hunting season,
when all of the bays are patrolled and checked for
violations. Additional officers also assist on some
weckends and holidays. Routine patrols by local
officers are made at other times.

In the September teal scason, there are always
a number of arrests made for shooting before the
legal starting time. This is mainly due to confusion
among the hunters, since the time to start is sun-
rise each day during the teal season and one-half
hour before sunrise each day during the regular
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duck season. Some arrests are made for harrass-
ment of waterfowl, and for shooting from motor-
propelled boats. There are few arrests for hunting
without a license or duck stamp, or for oVer-the-
limit kills. From 75 to 100 arrests for all types of
violations during the season have been made in
recent years.

Customs

About 90% of the hunters in the Lower Mobile
Delta are from the city of Mobile, or Mobile County,

5% are from Baldwin County, and the remaining

5% from other counties or out of state. Most of the
duck hunters are members of the Mobile County
Conservation Club, which is the largest and most
active of its kind in the state. Members love the
Delta, and fully appreciate the richness of its flora
and fauna. They have witnessed the gradual deteri-
oration of the area, especially in the western bays,
in recent years, and are constantly secking ways to
improve it. They have placed a number of local re-
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strictions on themselves in regard to waterfowling,
such as one-half day shooting in certain arcas. Few
have yielded the desired result of better hunting.

Although the great majority of the hunters arc
Mobilians, they do not try to monopolize the area,
or close it to anyone. Most of the hunting is from
blinds constructed of common cane (Phragmites
communis) which is abundant in the area. A cus-
tom of the area permits the hunter to use the blind
he built, prior to the scason, on the first day of the
season only. From then on it is first come, first
served, in the use of that particular blind.

Less than 5% of the Delta hunters are black,
while about 3% arc under 16 years of age. Only a
small percentage of the hunters are over 65, since a
great deal of stamina is required to hunt the shal-
low, soft mud-bottomed bays of the Delta.

A relatively large number of decoys are a
necessity  for successful hunting, and at least
90% of the hunters usc them. Although retriev-
ing dogs are a great advantage in the recovery of
downed birds, only ahout 5% of the hunters use
them.

MANAGEMENT RECOMMENDATIONS FOR
WATERFOWL IN THE LOWER
MOBILE DELTA

Habitat Management Recommended by Lueth

Management of Water Areas

Lucth reported an cxtremely high percentage
of thc water arcas covered with aquatic plants
attractive to waterfowl during his study in 1946-49,
He found the more important factors Limiting these
desirable plants were water levels, wave action, and
“weed™ plants. He further stated that in some
years, particularly those of low rainfall, salinity
may also limit the range or sbundance of desirable
plants.

Lucth also reported that control of water levels
might be desirable if it were not for a few other
factors. The cost of control structures would be
prohibitive, and the presence of such structures
would cut off tidal action that now acts as a *“flush-
ing agen(” for the silt in most of the hays. Addi-
tional silting ol the bays with soils now swept out
to the bottum end of the Delta would be more
destructive than the control would be advanta-
grous,

Winds from the north or from the south are the
most destructive to aguatic plants. If islands or
breakwaters were placed in Polecat Bay or Grand
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bay, the wave action would be sumewhat reduced,
and additional aquatics would grow. This might
also apply to sume places below the Bay Bridge
Causeway. lLueth conchuded, however, that the
abundance of lood throushout the Delta did not
justify the very high cost of such projects.

Lucth reported a pondwecd (Potamogeton
epthydrus}, funworl (Cabomba carolintana), mares-
tail (Myriophyflum spp.), walerstargrass (Heteran-
thera dubia), ind water hyacinth (Eichornta cras-
sipes) as the more abundant weed plants that com-
pete with more valuable food plants. Although
locally abundant, the weed plants cxiend over a
relatively small portion of the Deha. No control
was recommended by Lucth because of the possi-
ble detriment to fish or fishing. Ile further stated,
however, that if at some future date a chemical
method of controlling these plants can be found
that is not harmful 1o Qish life, then it should be
used initially in Bay Minctte Basin on an experi-
mental basis.

Lueth was ol the opinion that control of water
hyacinth in the lower bays could hardly be jusu-
fied as a watcrfowl habuat improvement measure.
It might be of some value to wildlife, however, in
the upper bays and swuamp bayous. The direcet
value to the spurtsman, whosc navigation was pre-
viously hindered by the plant, certainly would
justify expenditures for continued control.

Lucth reported the planting of aquatic species,
to supplement those of the Delta, had been tred
in previous years. In 1926-27 and again in 1941-42,
extensive planting programs were conducted, Some
of the plants grew, but most of them resulted in
failures. Those planis that did grow were the spe-
cies already found in the Delta, Lueth cited as an
example the receni spread of wild rice {Zizania
aguatice) ws prool that when conditions are right
for the aquatic plant e grow, it will spread by
natural means. A reduction of waterfowl food
plants brought abour by low tides rather than a
depletion by wintering waterfowl, should not be
used as 4 rcason to plant more aquatics.

Lueth concluded that management of the open
water arcas of the Delta, at least in years of high
water, was not needed or recommended. On the
other hand, changes that would adversely affect
the bays should be opposed. Projects that wouid
pollute the waters, bring additional silt into the
bays, or change the salinity of the water, should be
watched. Ditches from the acuve rivers to the
relatively stable bays should not be permitted.

Management of the Tidal Marsh

During his siudy in 1946-49, Lucth found



watcrfowl food plants throughout the tidal marsh,
but for the most part they were not used by water-
fowl because the birds could not get to them.
Dense stands of alligator grass (Alternanthera
philoxcroides) cover most of the sceds and even
surround the roots of the desirable plants during
that period when the ducks were present. Along
with cuigrass (Zizaniopsis miliacca), 1t chokes out
the more desirabie plants. Methods of controliing
these plants, if not actually needed, would be
highly desirable. However, Lucth found that both
alligator grass and cutgrass were used by muskrats.
By increasing waterfowl feeding areas it is possible
that muskrat arcas might be reduced. Until some
method is found to gel heavy spray equipment into
or across the soft-bottomed marsh, such control is
impractical on a wide scale.

Plantings of emergent aquatics in the tidal
marsh were not recommended by Luecth. Such
plantings would not make more foods available. If
planted species did grow, they would not bc used
any more than native plants, for the same reason
that the native plants are not used, That is, they
would not be readily available to the ducks.

Dynamiting ditches through this type of marsh
was attempted in 1941, These ditches, which did
not connect with any bay or creek, were used by
waterfowl and some furbearers; marsh annuals
grew on the banks, but the ditches filled in rapidly
and were of value for only a few years.

Management of the High Marsh

Lucth reported that on the high marsh there is
the same problem as on the tidal marsh. Some food
plants grow there each year, but arc seldom uscd
hy waterfowl bccause they are not accessible.
Dense grasses prevent ducks from using the higher
marsh. Additional feeding areas are not actually
needed for the low numbers of ducks present.
However, when a series of natural conditions such
as low water, high salinity, and exwreme low
lemperatures occur in any year or in successive
years and rcduce amounts of submerged foods,
many of the birds move to other areas. Supple-
mental foods might prevent such movements.
The best place to grow these supplemental foods
is on the higher grounds, where thcy would be
utilized by mallards, pintails, and some other
species. Geese might also be attracted to winter
in the area by such feeding grounds.

In the Panicum-Spartina-Scirpus zone, fires
in September and October burn off thc under-
vegetation, but leave many of the taller grasses.
In that zone covered by cowpeas (Vigna sp.), fires
will usually not bum until mid-November. To
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clear any cxtensive arca of mixed vegetation in
the carly fall, it has been found necessary to both
mow and then burn it. The area can then be
planted to a mixture of fescue and Ladino clover,
Italian ryegrass may also be used. Any great
deviation from normal in water levels or rainfall
will cause failures in any plan for managcment of
the Delta marshes.

Othar Management for Waterfowl

Lueth made a number of recommendations
in his report in regard to management of the hunt
ing in the Delta. He suggested dates for hunting of
varying lengths. He stated that in most years,
35% to 40% of the hunting occurs in the first week
of the season, and that the number of birds present is
more of a factor in creating shooting pressure than
the number of days in the season. Lueth also dis-
cussed bag limits, shooting hours, and local regula-
tions. It was his opinion that closing certain days
during the season, regulating the numbers of hunt-
ers, prohibiting shooting except from blinds, pro-
hibiting blinds from being buill within a given dis-
tance ol an occupied blind, and prohibiting out-
board motors and air boats would have little effect
in reducing the total hunting pressure in a season,
but would increase the hunting pressurc on those
days that shooting was permitted. He stated there
is no evidence that any of these would increase the
waterfowl population in the Delta.

Habitat Management Recommended by Baldwin

In his report in 1956 on the Lowcr Mobile
Delta, Baldwin estimated that there were 5,060 ha
(12,500 acres) of submerged aquatics dispersed
through an enormous marsh and bay arca. He stated
that *. . .the bulk of this flora is of great value as
waterfowl food. . .No aguatic stand compares with
it on the Atlantic Coast south of Currituck and Back
Bays, in North Carolina-Virginia. . .It is to be re-
gretted that winter tides do not flood the area to
improve winter duck use and hunter success. . .The
greatest problem facing the hunier is that water-
fowl can retreat to the sanctuary of open water in
Mobile Bay. If there are any outstanding com-
plaints from hunters that the populations and daily
bags are declining the blame must be placed on the
following conditions: (1)} On a continental basis
waterfow] hunting is taking all of the annual popu-
fation that can be spared from breeding stock;
{2) The northern breeding grounds are far from
being in excellent condition, and (3) At Mobile
Bay, waterfow] behavior in relation to water level



cycles and the large acreage guarantees a low daily
bag.|!

Baldwin discussed two management measures
that might be tried experimentally in the Delta:
(1) The high marsh could be improved through
diking, soil discing, and annual cultivation of crops.
Winter flooding would have to be by pumping.
Seedings should be browntop miliet and Japanese
mitlet in July-August, and (2) Wild plant intro-
ductions offer modest possibilities of improvement.
Species  recommended are  Asiatic  dayflower
(Analeima keisak), delta duck potato (Sagittaria
platyphylla), and banana waterlily (Nymphaea
mextcana).

Baldwin also recommended that chemical
spraying ol water hyacinth should he continued,
with a coordinated cffort made to eliminate it from
the entire drainage basin. He suggested that the
Department of Conscrvation make every effort 10
halt the dumping of spoil into Polecat Bay, In-
stead, the spoil should be deposited inside low
dikes constructed by dragline. He also suggested
construction of a high levee across the mouth of
Grand Bay to stop wave action which contributes
to the absence of plants in this 810-ha (2,000-acrc)
basin,

In his concluding discussion, Baldwin stated
*...The Mobile Delta and Bay is a large area rich
tn a flora valuable to waterfowl. . \We cannot
avoid the fact that there are over 4,856 ha {12,000
acres) of submerged aquatics. . .In the light of this
great resource most biologists and administrators
would question the feasibility of cxpending funds
and effort to atiempt improvement, such as
through diking and crop production. Rather, the
moncy might better be used elsewhere in Baldwin

and Mobile Countics, or at other locations in
Alabama.”

DISCUSSION AND CONCLUSIONS

The Alabama Depuartment of Conservation and
Natural Resources is charged with certain manage-
ment responsibilities, and state officials have made
pertodic investigations of the Mobile Delta to keep
the public advised of conditions and trends. Figs. 3
and 4, which show areas of submerged and emer-
gent vegetation, respectively, and Table 5 which
gives ownership acreages for a majority of the
Delta, are included in this paper as points of in-
formation.

The vegetative surveys have revealed certain
conditions in recent years which are cause for
alarm. The effects of pollution whichk began to
show up in the 1960, in combination with certain
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Table 5. Ownership of the Lower Mobile Delta,

Marshland Warcr af
Owner {Acres) {Acres)
State of Alabama 5613 27,917
Adams Lumber Co. 10,956
Michael Baer 2,794
Alcoa 1,500 b/
Individuals (20) 2,000
Totals 22 863 27,917

a/ Ownership of the bay waters to Mean Low Tide level is
vested in the State of Alabama, and management is a
function of the Department of Conservation and
Natural Resources.

b/ About one-half of this acreage is mud lakes,

adverse natural {actors, have greatly decreased the
amounts and kinds of desirable duck foods in the
Lower Delta. Perhaps the most dramatic evidence
of adverse cffects was in 1972 (und to a lesser
cxtent in subsequent years), at which time the
combination of factors caused a high percentage of
the vegetation to die cut in mid-summer.

It was evident that conditions were favorable
in the early spring for germination and growth,
but then something happened about midsummer
which caused the vegetation 1o die. There was a
complete kill in some of the western bays and in
arcas along Tensaw Bur south of the Parkway. The
typical condition of a bay was completely dead
vegetation in the lower ¢nd, covered with a thick
film of brownish, mucky scdiment. When the
vegelation was scooped up and squeezed out for
cxamination, the [eaves and stems would crumble
and appear black in color. In the middle and upper
portions of these bays, when the sediment was
squeezed off, small amounts of green color could
be seen at the nodes and joints of the stems and
branches, The waters were considerably more
turbid throughout the western bays than in most
previous years, Thick marts of filamentous algae
were often present in the upper portions.

This condition was evident even in Chuckfey
Bay, the northern-most bay examined. There were
abundant beds up to 0.6 m (2 feet) thick of bushy
pondweed (Najas guadalupensis) with some wild
celery (Vallisneria spiralis), coontail (Cerato-
phyllum demersum), muskgrass (Nitella sp.), etc.,
mixed in. This vegetation was all dead or dying,
however, by September 10.

Even the castern bays of Gustang, Bay Minette,
etc,, which nearly always exhibit a healthy con-
dition, showed some dead or dying vegetation in
1872. The typical condition of a bay on the east
side during this inspection was dead or dying
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vegetation covered with sediment in the lower
end in fairly rurbid water, greenish-brown vegeta:
tion covered with thick mats of filamentous algac
in slightly turbid water in the middle portion, and
healthy, grecn vegetation in clear water in the
upper portion.

Visiting biologists from Florida, Georgia, and
Mississippi assisted in the vegetative survey in
1972. The question as to what caused the vegeta-
ton to die was discussed at length during the
survey. First, it was evident that an unusual
amount of salt water was present north of the
Parkway. Scveral specimens of wigeon grass {Ruppia
maritima) were scooped up. Never in the history
of the surveys had this salt-tolerant species been
found north of the Parkway. The water also was
salty to the taste. Some salt could be tasted in the
water as far north as Chuckfey, and this had never
been noted in previous surveys. Secondly, despite
a period of drought and low water flow, the major-
ity of the Delta waters were considerably more
siltladen and turbid than normal. Thirdly, the
waters were very warm to the touch, and tempera-
tures apparently were higher than normal. Fourth-
ly, it appeared that a great deal morc industrial
and domestic pollution was present than ever
before, A trip was made from McDuffie Island up
Mobile River past the drydocks, shipyards, state
docks, the aluminum plant, and the paper mulls.
The air and water conditions, the floating mess and
the foul odor, were terrible, The visiting biologists
were amazed. They all emphatically stated that
they had never witnessed such a polluted con-
dition.

It was the opinion of participants in the 1972
survey that several factors including low rainfall,
low water fiow, high turbidity, high salinity,
and excessive pollution, combined to cause the
vegetation to die out. All but the last of these are
natural limiting factors, and they undoubtedly
have occurred in the Delta from time to time for
hundreds of years without lasting detrimental
effects,

The pollution is the greatest limiting factor,

- and could totally destroy the area, even in the not
too distant future. 1t could be the “coup-de-grace”,
or the “straw that broke the camel’s back,” in
combination with natural causes. The various
chemical, industrial, and domestic wastes, all of
which probably are very acid, are combining
with the salt water to “burn out” the vegetation,
If this condition worsens in succeeding years, it
will be just a matter of time until all the sub-
merged vegetation is adversely affected, and seed
production limited to such an extent that germi-
nation will cease.

The sccond cause for alarm in regard to the
vegetation of the Delta is the phenomenal increase
in Eurasian watermilfoil (Myriophyllum spicatum).
This plant first appeared in the southeastern corner
of Chocalata Bay in the early 1970%. By 1975,
it was noted in Delvan Bay and Bay Grass. In
September 1978, this pest plant had continued
its rapid spread into all the Delta bays and a large
portion of the area immediately below the Park-
way, and occupied at least 75% of the shallow
portions where desirable submerged duck foods
normally grow.

None of the “Big Five” duck foods {Najas,
Vallisneria, Potamogeton, Nitella, and Zannt-
chellia), nearly all of which were plentiful in the
carly years of thesc surveys, could be classed as
abundant in 1978. Of the five, bushy pondweed
continued to be number one, although it was
scarce in all bays except Chuckfey. Wild celery
was neither abundant nor common in any area.
It was classified as fair on four of the bars and in
Chuckfey Bay, and scarce elsewhere. Gray duck
moss (Potamogeton pusillus) was found in only
scarce amounts in three areas. Only a single plant
of horned pondweed (Zannichellia palustris) was
found, in Big Bay John. The muskgrasses wcre
scarce, and found in only six areas. Claspingleaf
pondweed (Potamogeton perfoliatus) was the
number one plant south of the Parkway, although
not abundant (as in previous years) in any arca.

The ducks undoubtedly are beginning to uiilize
the mil{oil on the Delta, as they do on somc of the
TVA impoundments such as Guntersville. It
remains to be seen just how much it will affect
waterfowl populations in the Lower Mobile Delia.

RECOMMENDATIONS

1. None of the habitat management measures
suggested by Lucth and Baldwin such as
diking and planting, 15 recommended at this
time. Of course, they are all good suggestions
which would be of benefit to waterfowl and
waterfowl hunting, Costs of such measures to
the Department of Conservation and Natural
Resources at this time are prohibitive. Instead,
the limited funds available should continue to
be used to purchase marshland in fee title
whenever possible to insure that it remnains in
its natural state,

9. Eurasian watermilfoil should be monitored
closcly over the next few years to deter-
mine if a control program is feasible and, if
so, when it should be initiated.
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3. If the Lower Mobile Delta is to continue to
be important as 2 commercial and sport fish-
ery, as a seafoods spawning ground, and
as habitat for waterfowl and other wildlife,
pollution from all sources must be stopped
or at least reduced to a level compatible
with the basic biological needs of the pri-
mary plant, fish, and wildlife species of im-
portance.
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THE STATUS OF MAMMALS IN THE ALABAMA COASTAL ZONE
AND A PROPOSED RESOURCE PLAN FOR THEIR MANAGEMENT
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Birmingham, Alabama 35204

ABSTRACT

Fifty-four forms of mammals are documented
from the coastal zonc of Alabama. Ten different
coastal habitats are described on the basis of plant
species. An estimatc of abundance and distrbution
data is given for each mammal. Stress sources for
coastal habitats are described and discussed. Quanti-
tative estimates for vegetative communities are sum-
marized, Endangered and rarec mammals are listed
along with an indication of specific data gaps, The
status of marinc mammals in Alabama waters is re-
viewed. Recommendations {or a resource plan are
outlined.

INTRODUCTION

Only a few early naturalists left brief recorded
accounts of mammals from the Mobile delta region,
An examination of their journals reveals they tra-
versed the Alabama coastal zone during their travels
up and down the Alabama, Tensaw and Mobile
rivers, Usually their destinations were Mobile, Mont-
gomery and other towns located i narthwestern
Alabama. Their references to mammals are brief
and for the most part incidental to their travels.
Howell in A Biological Survey of Alabama, pp. 1.88
{1921}, summarized an carly history of Alabama
mammalogy as {ollows:

Apparently, the first naturalist 1o visit the state
was William Bartram, who, in the summer and
fall of 1776 (or possibly 1777, the date not be-
ing clear from his narrative}, in the course of
extended travels in southern states, passed
through Alabama from the old Muscogee town
of Uche on the “Chata Uche” River to Tallahas
see on the Tallapossa River, thence southward
along the general course of the Alabama River
to “Taensa” and Mobile. His narrative, although
replete with interesting descriptions of the
flora, contains only a few brief references to
the larger mammals such as wolves, bears, “ty-
gers” {cougars), and deer. In 1820, Adam Hodg-

son made an extended journey through the
southern states, cross-Alabama 1wice—first
from Quchee bridge in Russel County to Blake-
Iy and Mobile, and later from Franklin County
castward to Madison County via Tuscumbia,
Muscle Shoals, Athens and Huntsville. In his
narrative he rcfers casually to “panthers™ cou-
gars), gray foxes and bears. In 1830, James Stu-
art journeyed across Alabama {rom Fort Mitch-
ell to Montgomery thence to Mobile, Apparent-
ly the only mammals which attracted his atten-
tion were deer, which he mentions incidentally.
Two years later, in 1832, C.D. Arfwedson cov-
ered practically the same route and likewise in
his narrative mentions only deer. In 1856,
Charles Lanmon published an account of his
“Adventures”, in which are included four chap-
ters on Alabama with few casual references to
mammals.

Audubon and Bachman {1846-1854) in their
monumental work on The Viviparous Quadrupeds
ol North America made reference to a few Alabama

mammals that occurred in the coastal zone. Howell
(1909) published a paper containing bricf notes on
the distribution of southem mammals based on a
field trip made during the summer and fall of 1908,
John H. Wallace, Jr. (1916} published a list of the
mammals of Alabama comprising some 20 species.
His paper was brief and contained no information
as to the exact distribution of coastal zone mam-
mals in Alabama. Howell {1921) summarized field
investigations carried on by the Biological Survey
from 1908 to 1916. His annotated list of 65 forms
contained numerous records of Alabama mammals
in the coastal zone. Zambemardi (1956) collected
Neotoma floridana from Mobile and Baldwin coun-
ties and referred his specimens to the subspecies
floridana. Holliman {1858} collected Sylvilagus flor-
idanus malurus from Dauphin Island and Bayou
La Batre and suggested that there were also present
intermediates between alzcer and mallurus, White
{1959}, although primarily gathering life cyclc data
on bat parasites, collected bat specimens from the
coastal regions of Mobile and Baldwin counties.
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Lueth {1963} described the ecology of both the
muskrat and nutria. Holliman (1963) listed numer-
ous records and life history notes concerning mam-
mals in the coastal zone. Sanford (1963} concluded
that all gray squirrels in Alabama belonged to the
samc subspecies (carolinensis) except those in the
coastal regions aleng the delta and possibly on
Dauphin Island. He designated these as intergrades
between carolinensts and fuliginosus. Bowen (1968)
reworked the Peromyscus polionotus complex and
determined there to be two geographic races along
the Gulf Coast. In a paper on the mammals of Mo-
bile and Baldwin counties Linzey (1970) made
numerous distributional references to mammals
occurring in the coastal zones. Sympaosia concern-
ing rarc and endangered organisms (Keeler 1972
and Boschung 1976) documented mammals immi-
nently threatened with extinction along the Gulf
Coast. Chermock (1974) and Boschung (1976)
bricfly described habitat preferences for certain

mammals in the cnvironment of offshore and estu-
arine Alabama.

The purpose of this paper is to describe the cur-
rent status of mammals in the Alabama coastal
zone. Emphasis will be placed upon their distribu-
tion and present condition. Attempts will be made
to identify stress sources and possible consequences
of long term environmental changes. Specific data
gaps will be identified and listed in priority as man-
agement and research recommendations.

COASTAL MAMMALS

Fifty-four forms of mammals are found in 10
different vegetative habitats (Table 1). The coastal
area is defined as that portion of the state south-
ward from the 10 {oot contour line to the outer
limit of the territorial sea (Act. No. 534, 8. 501,

Table 1. Usual Habitat Preference of Mammais Associated wilh the Coastal Zone,

Order Marsupialia
Opossum C,D,EF,.GHIJK
Order Insectivora
Short-tailed Shrew H
Least Shrew F
Eastern Mole GHJ}
Order Chiroptera
Southeastern Myotis M
Red Bat M
Seminole Bat M
Yellow Bat M
Hoary Bat M
Evening Bat M
Brazilian Frec-tailed Bat M
Order Edentata
Nine-banded Armadillo AE.J K
Order Lagomorpha
Marsh Rabbit C,D,G
Eastern Cottontail AE,FLJ X
Swamp Rabbit GH
Order Rodentia
Gray Squirrel GHIK
Bayou Gray Squirrel H,1
Bachman Fox Squirrel 1
Southern Flying Squirrel H,1
Southcastern Pocket Gopher J ?
Beaver G
Marsh Rice Rat B,C.D,G
Oldfield Mouse 1 ?
White-fronted Beach Mouse A
Florala Beach Mouse A

Cotton Mouse H.I
Goldent Mouse H
Hispid Cotton Rat F
Eastern Wood Rat H
Louisiana Muskrat B,C,D,G
Black Rat K (3 subspecies)
Norway Rat K
House Mouse K
Nutria B,C,D,G
Order Cetacea
Atlantic Bottle-nosed Dolphin L
Short-fipned Pifot Whale L
Order Carnivara
Coyote G
Red Fox E,F,1]
Gray Fox C,D,EF.GL]
Florida Black Bear G
Raccoon ABCDEFGHIIK
Long-taited Weasel 1
Mink C,I)G
Spotted Skunk E,F,GH,L]J
Striped Skunk E,F,G,H,L]J
River Otrer B,C,D.G
Mountain Lion G,H
Bobcat A,B,C,DE.F.GH]IJ
Order Pinnipedia
California Sea Lijon L
Order Sirenia
Manatee L
Order Artiodactyla
White-tailed Deer F,GHLJ
{2 subspecies)




LEGEND FOR TABLE 1.

A. BEACH - SAND DUNE Uniols paniculata (sea oats),
Spartina patens (saltmeadow cordgrass), some Distichlis
spicata (scashore saltgrass), Hydrocotyl bonariensis
(pennywort), Quercus virginica var, maritima (live oak),
Pinus elliottit (slash pine), Pinus clausa {sand pine) in
Baldwin County only, Seronoa repens {saw palmetto),
flex vomitoria (yaupon), Ceratiola ericoides (seaside
rosemary), Solidago pauciflosculosa {seaside golden-
rod).

B. SALTMARSH Predominantly Spartina alterniflora
(smooth cordgrass) with limited amounts of Juncus
roemerianus (black needlerush),

C. BRACKISH-MIXED MARSH Juncus roemerianus,
Spartina cynosuroides (giant cordgrass), Distichlis spi-
<ala, Borrichia frutescens (sea ox-eye), Scirpus spp.
(three-squares), Spartina aiternifiora and . patens.

D. FRESH-MIXED MARSH Typha angustifolia {narrow-
leaf cattail}, Typha Intifolia {cattail), Sagrttaria falcata
(duck potato), Zizania aquatica (wild rice), Zizaniopis
miliacea (cutgrass), Alternanthera piloxeroides (alliga-
tor grass), Scirpus validus (giant bullrush), Scirpus
americanus (three-squarc), Orontium aquaticum (never
wet), Phragmites communis (common cane), Cladi-
um jamaicense (saw grass), Panicum virgatum (feather
grass), Vigna repens (cow pea),

E. SALTBUSH - SALTFLAT Bzccharis halimifolia {salt-
bush), fva frutescens {marsh clder), Salicomia sp. (glass-
wart}), Batis maritima (saltwort), Distichlis spicata,
bluegreen algae. '

F. SAVANNAH Sparting patens, Pinus elliottii, Pinus pal-
ustris (long-leaf pine), Taxodium distichum {cypress),

= ——— —

Rhynchospora spp. (sedges), Juncus spp. {rushes), and
Andropogon spp. (broom sedges, Sphagnum spp. (moss-
es}, Sarracenig spp. (pitcher plants), Cyrilla racemiflora
(icather-wood), flex glabra (ink berry), Drosera spp.
(sundews), Dichromena colorata (narrow-leaf dichro-
mena),

G. SWAMP Tuxodium distichum and T, gscendens (cy-
press), Salix nigra (willow), Magnolia virginiana (white
bay), Nyssa biflora (black gum), Acer rubrum (red
maple), Cliftonia monophylla (titd), Plnus serotina
(pond pine).

H, MIXED BOTTOMLAND F OREST Magnolia grandi.

ora (southern magnolia), Acer rubrum, Taxodium

8PP, Saiix spp., Carya aquatica (water hickory), Rubus
spp- (blackberry), and Vitis aestivalis (wild grape).

I MIXED UPLAND FOREST Magnolia grandifiora,
Myrica cerifera (wax myrtle), Liguidambar styraciflua
(sweet gum), Cornus florida (dogwood), Quercus mari-
landica (blackjack oak), Quercus nigra (water oak), Hex
opaca (American holly), Carya glabra (pignut hickory),
Vitis aestivalis, Rubus spp. Pinus palusiris (longleaf
pine), Pinus echinata (shortleaf pine).

J. PINE  Pinus palustris, P. echinata, P. taeda (loblolly
pine},

K. URBAN AND SUBURBAN AREAS Areas character-
ized by industrial, commercial, municipal and/or resi-
dential development.

L. MARINE Coastal waters.

M. TRANSITIONAL Bat species may be found associated
with all habitat types.

1976 Regular Session, Alabama Law). Marginal rec-
ords are listed for a few mammals whose range nor-
mally occurs above the 10 foot contour line. These
are included because of their possible migrational
or territorial movements into the immediate coast-
a] area.

ANNOTATED SPECIES LIST

Relative abundance and comments concerning
specific data gaps are given for each mammal, Stress
sources are identified and discussed where pertinent,
Documented location records are listed in parenthe-
ses,

Order Marsupialia
Didelphis marsupialis pigra (Bangs)
Opossum

This mammal is abundant throughout most of
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the coastal zone with exception of the Beach-Sand
Dune and Saltmarsh habitats. Here it may occur in-
cidentally, It has been observed frequently in the
Saltbush-Saltflat communities at the Point aux Pins
Field Station at night, This mammal was abundant
on Dauphin Island before the completion of the
bridge (Holliman, personal observation). Since this
time there has been a reduction in number on the
island. There are no data relative to hunter harvest
in this area. However, a few may be taken by local
hunters and trappers. Location record - (Howell
1921).

Order Insectivora
Blarina brevicauda carolinensis {Bachman)
Short-tailed Shrew '

This shrew has been reported by Linzey (1970)
from Alabama Port as occurring in moist woodland
bordering swamps or streams., The species is proba-
bly more abundant than is suspected in the northem




limits of the coastal zone in the mixed bottomland
and upland forest habitats. Destruction of habitat
is probably the greatest single cause of limitation
of its range. More distributional data are needed
for this mammal. Location record — (Linzey 1970).

Cryptotis parva parva (Sav)
Least Shrew

This small mammal has been recorded from Ala-
bama Port, Grand Bay, Bon Secour and Lillian. It
accurs in drier habitats than does the short-tailed
shrew. Little is known about the relative abundance
of the least shrew, Preservation of habitat is essen-
tial for survival of the species. Location record —
(Linzey 1970},

Scalopus aquaticus howelli (Jackson)
Eastern Mole

This mole is common in the coastal region
wherever there is sandy loam soil. Its burrow sys-
tems can bec seen in several habitat types in and
around Dauphin Island, Gulf Shores and Magnolia
Springs. As with other fossorial mammals, habitat
preservation is necessary for its survival. Location
record — (Howell 1921},

QOrder Chiroptera
Myotis a. austroriparius (Rhoads)
Southeastern Myotis

This bat has been collected at Fairhope, but it
and other bat species probably range throughout
the coastal region. The species has been observed
roosting in boat houses and beneath docks extend-
ing out into Mobile Bay. Location records — {White
1959; Linzey 1970).

Lasturus b, borcalis (Muller)
Red Bat

The Red Bat has been recorded from both Fair-
hope and Point Clear. Like the other bats it prob-
ably occurs through the coastal region, and roosts
in man-made structures as well as in vegetation. Lo-
cation record—(Howell 1921},

Lasiurus seminolus (Rhoades)
Seminole Bat

This bat has been recorded from Dauphin Is-

land, Orange Beach and Point Clear. It is more com-
mon thanrealized. Location record—(Howell 1921).

Lasturus ¢. cinerus (Palisot de Beauvois)
Heary Bat

This far ranging bat has been recorded from
Dauphin Island and Point Clear, Specimens have
been obscrved throughout the coastal regions {(Hol-

liman, personal observation), Location record—
(Howell, 1921),

Lasiurus intermedius floridanus (H. Allen}
Yellow Bat

The first state record for this bat is [rom Chick-
asaw which is outside of the coastal cone. 1t prob-
ably ranges throughout the coastal arca, More data
are necded to determine its distribution and abun-
dance. Location record—(Linzey 1970),

Nycticetus h. humeralis (Rafinesque)
Evening Bat

The Evening Bat was first recorded from Bon
Secour and Fairhope. It is particularly attracted to
old homes along the Coden Road and on the east
end of Dauphin Island. This bat has been collected
also from u bridge over West Fowl River, It is prob-
ably onc of the most common bats in the arca, Lo-
cation record—(Howell 1921).

Tadarida brasthiensis cynocephala (Le Conte)
Bruazilian Free-tailed Bat

Observations ol this bat have not been recorded
since 1953 when four individuals were collected
from the rafters of a fishing picr at Fairhope. Little
distributional data are available {or this mammal.
Location records—(Howell 1921 White 1957).

Order Edentata
Dasypus novemcinctus mexicanus (Pcters)
Nine-banded Armadillo

Since 1950 the armadillo has expanded its range
from Mobile and Baldwin counties northward. It
was first recorded in the state from Foley. It is gen-
erally common throughout the area where it bur-
rows in sandy soil. It is considered o be a pest be-
cause its burrow systems are often constructed in




road rights-ef-way and beneath foundations of
houses. The species feeds on an assortment of inver-
tebrates that live in its burrows. Location record—
(Fitch et al. 1952).

Order Lagomorpha
Syluvilagus p. palustris {Bachman}
Marsh Rabbit

The marsh rabbit probably is found in limited
numbers east of Mobile Bay in brackish-mixed
marshes and swampland. Specimens have been col-
lected from Bon Secour, Magnolia Springs, Orange
Beach and Perdido Bay. There are no published
records since those of Howell in 1921. There are
also no hunter harvest data for this or any other
rabbit species in the coastal area. This rabbit is easily
confused with S. aguaticus. This similarity between
the marsh rabbit and the swamp rabbit probably
accounts for the lack of distributional data that
could be gathered from local residents. Location
record—(Howell 1921).

Sylfvitagus floridanus mallurus (Thomas)
Fastern Cottontail

The Eastern Cottontail is commonly found n
pine and mixed upland forest habitats and in savan-
nah and saltbush-saltilat habitats. Beforc construc-
tion of the bridge in 1950 it was abundant on Dau-
phin Island. Feral house cats probably contributed
to a reduction of cottontails in this area. At one
time this rabbit was common in the Beach-Sand
Dune habitat. This species occurs at Alabama Port,
Bayou la Batre, Grand Bay, Point Clear, Bon Se-
cour, Orange Beach and Perdido Bay. There arc no
hunter harvest data for this mammal in the coastal
area. Location record—(Holliman 1959).

Sylvilagus aquaticus littoralis (Nelson)
Swamp Rabbit

The coastal race of Sylvilagus aguaticus is found
west of Mobile Bay at Cedar Point (Holliman, per-
sonal observation), Bayou la Batre and in the Blake-
ly Island area. Like the marsh rabbit it occupies
areas with a dense growth of marsh grasses which
probably accounts for lack of hunter interest. There
are no data available relative to hunter harvest in
the coastal area. Location record—(Howell 1921}.

Order Rodentia
Sciurus carolinensis carolinensis (Gmelin)
Gray Squirrel

This squirrel is common in the coastal zone in
swampland, mixed bottomland and mixed upland
forest. Sanford {1963) referred all gray squirrels in
Alabama to the subspecies carolinensis except thosc
in the southwestern part of the state. He suggested
that those gray squirrels occurring north of Mabile
in the timbered river swamps and westward along
the coast were intermediates between fuliginosus
and carolinensis. The gray squirrel is probably the
most sought after small game mammal in the coast-
al region. There are no hunter harvest data avail-
able. The species occurs in Bayou la Batre, Coden,
Grand Bay, Little Bayou Canot, Bon Secour, Daph-
ne, Fairhope, Gulf Shores, Orange Beach, Perdido
Bay, Point Clear and Fort Morgan. Location rec-
ords—(Howell 1921).

Seiurus carolinensis fuliginosus (Bachman)
Bayou Gray Squirrel

The Bayou Gray Squirrel may still be found in
the creek bottoms along certain bayous and in
swamps north of Mobile. Individuals on Dauphin Is-
land are more referable to carolinensis. This may
be due to the introduction of S.c. carolinensis.
Areas around Bayoula Batre, and upper Mobile del-
ta would be considered likely locations for the Bay-

ou Gray Squirrel. Location record—(Howell 1921).

Sciurus niger bachman: {Lowery and Davis)
Backman Fox Squirrel

The Fox Squirrel is found In isolated, scattered
locations at higher clevations in mixed upland for-
ests. Individuals have been observed at Bayou la
Batre, Grand Bay, Magnolia Springs, Orange Beach,
Wecks Bay, Fairhope, Lillian and Perdido Bay. Lo-
cation record—(Howell 1921).

Glaucomys volans saturatus (AH. Howell)
Southern Flying Squirrel

The Flying Squirrel is commonly found in
mixed bottom land and in mixed upland forest. It
prefers hardwood trees for den sites and will live in
the attics of houses and other buildings. However,
distributional data for this species are lacking in
the coastal region. Removal of mature hardwood
trees represent a threat to this mammal. It has been
found at Grand Bay, Perdido River, Gulf Shores,
Perdido and Point Clear. Location record—(Howell,
1921).
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Geomys pinetis mobilensis (Merriam)
Southeastern Pocket Gopher

The occumrence of this mammal south of the
10-foot contour line is doubtful. However, speci-
mens have been recorded from Daphne, Fairhope,
Orange Beach and Point Clear, Pocket gophers pre-
fer sandy soils usually associated with pine woad-
lands. More data are needed before the status of
this species can be determined. Location record—
{Linzey 1970).

Castor canadensis carolinensis Rhoads)
Beaver

Beavers are considered common in the northemn
portion of the delta. Specimens have been taken
from Satsuma, Bayou la Batre and Mt. Vernon.
There arc no harvest data for this important fur
bearer in the coastal region of the state. Location
record—(Howell 1921).

Oryzomys p. palustris (Harlan)
Marsh Rice Rat

The rice rat is common in saltmarshes, brackish-
mixed and {resh-mixed marshes. Specimens have
been collected from Bayou la Batre, Dauphin Is-
land, Bon Seccour, and Gulf Shores, Location rec-
ord (Howell 1921).

Peromyscus polionatus polionotus (Wagner)
Oldfield Mouse

The occurrence of the Oldfield Mouse in the
coastal zone is unlikely. However, four specimens
have been collected from 5 miles north of Gulf
Shores.

P.p. ammobates (Bowen)
White-fronted Beach Mouse

The White-fronted Beach Mouse has been re-
corded from the coastal sand dunes between Mobile
Bay and Perdido Bay. It has been collected also on
Ono Island at the mouth of Perdido Bay. This
mouse prefers sand dunes ncarest the surf. Location
record—{Bowen 1968},

P.p. trissyllepsis (Bowen)
Florala Beach Mouse
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The Florala Beach Mouse is found between Per-
dido Bay and Pensacola, Florida. It has been col-
lected from Florida Point, east of Perdido Inlet in
Baldwin County along the primary sand dune sys-
tem, Location record—(Bowen 1968),

Peromyscus g. gossypinus (Le Conte)
Cotton Mouse

The cotton mouse is commonly found in tim-
bered swampland and mixcd forests near water
ways, It has been recorded from Grand Bay, Daph-
ne, Gulf Shores, Lillian, Magnolia Springs, Orange
Beach and Point Clear, Location record—(Linzey
1970).

Ochrotomys nuttalli auerolus (Audubon and Bach-
man)
Golden Mouse

Scattered populations of the golden mouse -
occur in wet mixed forests. It has been collected at
Point Clear. Location record—(Linzey 1970).

Sigmodon h. hispidus (Say and Ord)
Hispid Cotton Rat

The cotton rat is perhaps the most abundant ro-
dent in the coastal zone. It is found in Spartina
patens meadows, particularly at the Point aux Pins
Field Station. Other localities include Coden, Grand
Bay, Bon Secour, Fairhope, Gulf Shores, Lillian
and Magnolia Springs. Location record—(Howell
1921).

Neotoma floridana rubida (Bangs)
Eastern Wood Rat

More ficld work is needed before the exact dis-
tribution pattern of the wood rat in coastal Ala-
bama can be determined. It has been recorded thus
far from isolated colonijes at Orange Beach and

Point Clear. Location record—(Schwartz and Odum
1957),

Ondatra zibethicus rivalicius {Bangs)
Louisiana Muskrat

This mammal is commeon in the Mobile delta, It
has been recorded from Alabama Port, Bayou la
Batre, Little Bateau Bayou and in Lower Crab
Creek. Location record—(Howell 1921).
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Rattus r. rattus (Linnaeus)

Rattus r. alexandrinus (E. Geoffry Saint-Hilaire)
Rattus r. frugivorus (Rafinesque)

Black Rat

The black rat is abundant in urban and suburban
areas. It has been coliected in garbage dumps from
the west end of Dauphin Island, Alabama Port,
Bayou la Batre and Mobile Causeway. Location
record—(Holliman 1963).

Rattus n. norvegicus (Berkenhout)
Norway Rat

This rodent is not as common as R. ratius. It
has been collected from Alabama Port and Bayou
la Batre, Location record—(Holliman 1963},

Mus musculus brevirostris (Waterhouse)
House Mouse

The House Mouse occurs as a commensal of
man and has been reported from Dauphin Island,
Point aux Pins, Bayou la Batre, Grand Bay, Fair-
hope, Gulf Shores, Lillian, Magnolia Springs and
Point Clear. Location record-(Holliman 1963).

Mayeocastor coypus bonariensis (E. Geoflrey St.-
Hilaire)

Nutria

The nutria was introduced to the Mobile Dyelta
in 1948 and again in 1949 and 1950. It has caused
extensive damage to shoreldine vegetation, The nu-
tria hasheenrecorded from Alabama Port, through-
out the Mobile Delta, Lower Crab Creek, Ralt River
Peninsula, Slater Island, Tensaw River, Daphne and
Gulf Shores. Location record—(Lueth 1949).

Order Cetacea
Tursiops truncatus (Montagu)
Atlantic Bottle-nosed Dolphin

This is the most common species of marine
mammal in the Alabama coastal waters. It usually
can be seen throughout the year and occasionally
will be found in mouths of coastal rivers that emp-
ty into Mobile Bay. Location record—(Caldwell
and Caldwell 1973).

Globicephala sp. (probably macrorhyncha Gray)
Short-finned Pilot Whale or Blackfish

In September of 1962 a single specimen of this
whale was documented from Alabama waters. This
record was established on the basis of a photograph
published in the October issue of the South Ala-
bama Sportsman. Location record—(Linzey 1970).

Order Sirenia
Trichechus manatus latirostris (Haxlan)
Manatee or Sea Cow

Little is known about the occurrence of this
mammal in Alabama waters. It has been reported
off the Baldwin County coast by Caldwell and Cald-
well 1973).

Order Pinnipedia
Zalophus californianus (Lesson)
California Sea Lian

Caldwell and Caldwell (1973} show one distri-
butional record for this mammal in Alabama wa-
ters. Location record—(Gunter 1968).

Order Carnivora
Canis latrans
Coyote

The occurrence of this canid is based upon the
collection of a single specimen on February 23,
1970, 1t was taken at the junction of Middle and
Tensaw Rivers. l.ocation record--(Linzey 1970},

Vulpes fulva fulva (Desmarest)
Red Fox

This Red Fox is considered to be common in
the Alabama coastal zone. It has been observed
along the saltbush-saltflat and savannah habitats at
the Pomt aux Pins Ficld Station as well as in tim-
bered woodland. It has also been reported from
Grand Bay, Bayou la Batre, Magnolia Springs, Bon
Secour, Fort Morgan, Gulf Shores and Perdido, Lo-
cation record—(Linzey 1970).

Urocyon cinereoargenteus floridanus (Rhoads)
Gray Fox

This fox is more common than the Red Fox. It
is particularly abundant north of the Mobile delta.
The Gray Fox has been reported from Bayou la
Batre, Grand Bay, Ben Secour, QOrange Beach, Fort



Morgan and Gulf Shores. Location record—(Linzey
1970).

Ursus americanus floridanus (Merriam)
Florida Black Bear

Black bears were more common in the early
1900’s than now around the Mobile arca, Howell
{1921} reported them to be abundant in the
swamps of the delta, and along the Tensaw and Mo-
bile rivers. There is still some confusion as to the
taxonomic status of this subspecies. Miller and
Kellogg (1955) and Hall and Kelson {1959} sug-
gested that the coastal population was more refer-
able to floridanus than to luteolus. The records
are from Bayou la Batre, Bon Secour, Lillian and
along the Tensaw River. Location record —(Howell

1921).

Procyon lotor varius (Nelson and Goldman)
Raccoon

The raccoon is the most abundant predator in
the coastal marshes where it also feeds along ex-
posed mud flats during periods of low tide. It is the
principle predator of clapper rails in Alabama marsh-
cs (Holliman, 1978). The specics has been reported
from Alabama Port, Cedar Point, Dauphin Island,
Grand Bay, Little Bayou Canot, Bon Secour, Gulf
Shores, Magnolia Springs, Orange Beach, Perdido
Bay, Fort Morgan, Little Batcauw Bayou, Litte River
and along the Tensaw and Middle rivers. Location
record— (Linzey 1970).

Mustelle frenata oftvacea (Howelt)
Long-tailed Weasel

The only record for this mammal is an unpub-
lished one (Holliman, personal observation 1974)
from a single specimen picked up as a road kill west
of Alabama Point on Alabama Road 188. The iden-
tification was confirmed as offvacea. No other speci-
mens have been recorded from the coastal region.

Mustella vison mink (Peale and Palisot de Beauvois)
Mink

There are no data relative to trapper harvest for
this mammal. It is found in the northern delta re-
gion more often than along the coast. Records are
from Bayou la Batre and Orange Beach. Location
record—(Linzey 1970).

Spilogale p. putorius {Linnaeus)
Spotted Skunk

This species has been sporadically observed
mainly in the saltbush-saltflat and savannah habi-
tats. Records are from Grand Bay, Bon Secour and
at Orange Beach. Location record—(Howell 1921}).

Mephitis mephitis elongata (Bangs)
Striped Skunk

Like the spotted skunk this species is not com-
mon a&long the coastal region. Gccasionally at night
it can be observed in the saltbush-saltflat and savan-
nah habitats. Records are from Grand Bay, Bon Se-

cour and at Orange Beach. Location record—(How-
ell 1921).

Lutra c. canadensis (Schreber)
River Otter

This mammal is not commonly obscrved. The
author has scen itin tidal pools on the western end
of Dauphin Island in 1949 and at Cedar Point in
1975. Other records include those from Bayou la
Batre, Grand Bay,Mobile Delta region, Little Bateau
Bayou, Magnolia Springs, Bon Secour, Fish River,
Gulf Shores, Masnolia River, Orange Beach, Perdi-
do River, Point Clear and along the Tensaw River.
Location record—(Howell 1921).

Felis concalor corvi {Bangs)
Mountain Lion

This cat was more common in earlier times
than in recent years. Howell (1921) reported a spe-
cimen from near the Blakcley area. The most recent
puositive record was from Ralph Allen (per comm.,
State of Alabama Department of Conservation and
Natural Resources, Montgomery, AL) who observed
a pair of cougars with cubs in Baldwin County in
1974 and again in 1975, Location record—{Howell
1921).

Lynx rufus floridanus {Rafinesque)
Bobcat

The bobcat is common throughout the coastal
region especially along the edges of swamps and
bottomland forests. It has been frequently seen at
the Point aux Pins Field Station along the open salt-
bush-sandflat habitat. It has been reported also
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from Fairhope, Fort Morgan, Gull Shores, Lillian,
Orange Beach and Perdido Bay. Location record -
{Llowell 1921),

Odoacoilcus v, virgfnianus {(Zimmerman)
Odocoileus v, osceofa (Bangs)
White-tailed Deer

The taxenomic status of this species is conlused
duc to the introduction ol stock from other arcas,
Deer are particularly abundant i the northern
reaches of the coustal sone along the Mobile and
Tensaw rivers. They are less common immediately
along the coust. However they have been olsernved
freguently ac the Point aux Pins Ficld Station hy
the aethor, There are no hunter harvest date avail-
able Tor this arca. Gther records come from Grand
By, Orange Beach, Perdido Bay and Lillkan, Loca-
tion record-- (Do, virgmiana Howell 1921} (D.v
asceeda Miller and Kellogg 19565,

Table 2. Acreage Values for Coastal Alabama Habsitats, Extending Infaned to the 50-Tool
ics Present, and the Sensitivity of Each Habitar Type 1o Human PFerturhations are Indivated.

Mammalian Spec

DISCUSSION
Habitat

Ireservation of habital is paramount Tor the sur-
vival ol coastal manimals. Development and nther
human pressares resulting in Joss or abieraton of
the envieoment have greatly deereased bhoth gy
(v and quantity of the avathable habitar, The first
comprehensive suney of coastal habitat was accom-
plished by Vintor and Stowt (1975). Their work in-
volved measturements ol vegetative conumunities n-
land to the 500oovt contour line (Talde 235 sum-
manry of their data Tollows, along with an mulication
of 1he number of mammals associated with each
habitat.

A vurrent suney of the coastal aea below the
HY loot contour undoubtediy would veflect aoreduce
tion in the total wrea, and particalarhy the acrcage
ol Treshanixed mursh, swamp, nixed bottomland

Contour Line. The Number of

Arca Number of
tlabiat Type Hectares Acres Mammalian Spreics® Srmitivily" Adverse Avtivitivs
Beach  Sand Dune 3,801 LY 1] 1] A Vegetatinu renmoval
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and upland forest and pine forests. The effect of
adverse activities should be reassessed on an annual
basis.

Endangered Mammails

Presently therc are four mammals that are en-
dangered and four that are listed in the special con-
cern status in the Alabama coastal region. During
the second symposium for Endan ¢red and Threat-
ened Plants and Animals ol Alabama {Boschung
1676) that was held on March 6-7, 1975, the fol-
lowing categorics were established: Endangered
species are those organisms in danger of extinction
tEroughout all or a signilicant portion of their range
in Alabama. Endangered species are those whaose
prospects for survival are in immediate jeopardy.
An cndangered species must have help, or extinc-
tion andfor extirpation from Alabama will probably
follow. Threatened species are thuse species which
are likely to hecome endangered within the fore-
secable future throughout all or & significant por-
tion of their range in Alabama. Special concern spe-
cies are those organisms which must be continually
monitored because imminent degrading factors,
their limited distribution in Alabama or other
physical or biological characteristics may cause
them to becomc threatened or endangered in the
foresceable future.

Endangered Species
Peromyscus polionotus ammobates (Bowen)
White-fronted Beach Mouse

Residential development and increcased recrea-
tional activitics between Mobile Bay and Perdido
Bay arc destroying the primary sand dune arcas that
provide a habitat jor this endemic rodent. Vehicles
auch as dune buggies contribute to the alteration of
cand dune structure and hence the survival of sca
oats which is the principle food of the white-fronted
beach mouse. The Wild Sea Qats Act, Acts of Ala-
bama, 1973, provides protection for this valuable
plant, but under this act the term “beaches™ is
poorly defined and therefore the extent of the pro-
hibition is unclear. In 1973, the legislature enacted
a measure designed to preserve coastal sand within
Baldwin County, Acts of Alabama, 1973, Act. No.
275 This statute prohibits the operation of any
motor vehicke upon coastal sand dunes located 50
feet or further from the waterline without the ex-
press written permission of the landowner. The en-
forcement of both of these acts is encumbent upon
the Department of Conservation and Natural Re-
sources. The establishment of beach dune refuges,
which would cxclude man from the habitat, appears
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to be the only possible solution to saving the white-
fronted beach mouse from certain extinction,

Peromyscus polionotus trissyltepsis (Bowen)
Florala Beach Mouse

'The Florala Beach Mouse 1s restricted to the pri-
mary beach dunes between Perdido Bay, Alabama
and Pensacola Bay, Florida. Itis subject to the same
ecological restrictions as those cxperienced by the
White-[ronted Beach Moiuse. The rigid enforcement
of legislation relative to sand dunc protection and
the establishment of beach dunc refuges would en-
hance its survival.

Ursus americanus floridanus (Merriam)
Florida Black Bear

At the symposium in 1975 Lucth (per comm.,
Department of Conservation and Natural Resourc-
es, Montgomery, Ald.) estimated that there were
probably 150 black bears in Alabama. The species
was once distributed over all of Florida, and the
southern counties of Georgia, Alabama and into
Mississippl. In the Alabama coastal zone this mam-
mal resides in the Mobile Delta swamp and in the
Lillian area. On July 2, 1975 a single specimen was
observed by the author in the Lillian swamp. Human
disturbance and degradation of bottomland and
swamp habitat are prime factors affecting the sur-
vival of this mammual.

Felis concolor caryt {Bangs)
Mountain Lion

The Mammal Committee of the Symposium es-
timated the entire Alubama population of mountain
lions to be less than 12 individuals, This mammal
probably occurs in the Mobile Delta region and up-
per swamp land and heavily timbered river bottoms.
Disturbance by humans and altcration of habitat
has contributed to its decrease.

Special Concern
Myotis austroriparius austroripartus (Rhoads)
Southeastern Myotis

Although this bat has been collected from only
a few localities in the coastal region, it is found
throughout the state. Because this bat is disturbed
and persecuted by man in his activities in caves and
because more distributional data are needed this
mammal has been placed in the special concem cat-
cgory.



Lasiurus flortidanus (Miller)
Yellow Bat

A single specimen of this bat has been collected
from the coastal zone. This is the first state record,
although it is commonly found in Florida. Because
Alabama is on the periphery of its range and be-
cause so little is known about this bat, it is placed
in the special concern category.

Sylvilagus p. palustris (Bachman)
Marsh Rabbit

The reduction of habitat and lack of knowledge
concerning this rabbit have raised somc serious
questions about its survival in Alabama. Except for
three specimens collected in 1921 {Howell), no
other studies have revealed specimens from Ala-
bama. More [ield studies are nceded to verify the
cxistence of this rabbit in coastal Alabama.

Sciurus carolinensis fuliginosus {(Bachman)
Bayou Gray Squirrel

This subspecies of the gray squirrel is peripher-
ally distributed in Alabama and prelers swamp habi-
tat in the delta region, Because little is known about
this squirrel it is placed in the special concern cate-
gory.

The distribution of these mammals should be
monitored on a regular basis in order to ensure their
survival.

MARINE MAMMALS

Little is known about the marine mammals that
frequent Alabama waters. Southward, beyond the
three mile limit and within the territorial waters,
there are scattered records of both whales and dol-
phins (Table 3).

Inside the three mile limit the bottle-nosed dol-
phin is clearly the most common species. It is en-
countered in about equal numbers throughout the
year. Occasional individuals move well into the
mouth of Weeks Bay and even into Fish, Magnolia
and Bon Secour rivers. Little is known about their
seasonal movements, and the location of their calv-
ing and feeding grounds. The possible effects of
poaching, malicious killing and harassment is not
known.

It is highly probable that the manatee is a fre-
quent visitor to Alabama waters. Various uncon-
firmed reports of this mammal have come from sev-
cral boat captains operating out of Bayou Ia Batre
in recent times. In Mississippi a single manatee was

Table 3. Marine Mammals Ohserved in Territorial Waters
Off Alabama Coastal Zone,

Caldwell and Caldwell {1973},

Marine Mammals Number of Records

Fin Whale

Balgenoptera physalus 2
Reough-tooth Dolphin

Steno bredanensis 1
Common or Saddleback Dolphin

Delphinus delphis 3
Bottlenosed Delphin

Tursiops fruncatus I
Spotted Dalphin

Stenella plogiodon 22
False Killer Whale

Pseudarca crassidens la
Sporm Whale

Physeter catodon 3

Manatee or Sca Cow
Trichechus manatus datirostris 1

California Sea Lion
Zalophus californianus 1

a. a sighting along eastern houndary of territorial sea.

sighted in Wolf River on January 1, 1979 (1clephone
call March 20, 1979 to J. Corcoran, Gull Coast Re-
search Laboratory, Ocean Springs, MS 39564). A
second sighting ol this same individual was made
on January 3, 1979 in a small craft harbor at Gull-
port. Finally on January 6, 1979, the manatec was
captured and transported to Sea World in Florida
where it was treated for pneumonia. There is no in-
formation available to the author as 1o whether sub-
specific identification was determined for this spec-
imen. It appears that the manatees from the cast-
em Gulfl of Mexico represent the subspecies Triche-
chus manatus latirostris, while those from Lows-
ana, Texas and Mexico represent the subspecies
Trichechus manatus manatus (Morre 1951}

There is no state law pertaining to marinc mam-
mals. Presently the stringent Marine Mammal Pro-
tection Act of 1972 is utilized by the state for pro-

tecuon of all marine mammals in Alabama waters.
This law regulates the importation of marine mam-
mal products into the U.S. as well as protecting all
marine mammals in the territorial waters of the
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United States. The Fishery Conservation and Man-
agement Act of 1976 does not provide specitically
Tor mammals, However in Title IV, Sec. 404 of this
act, reference is made to the prevailing authority of
the Marine Mammal Protection Act of 1972,

RECOMMENDATIONS

A sound resource plan will become increasingly
important in view of projected potential dangers to
the coastal zone. This area will become more sensi-

tive to land development occurring near shore, and
resource development that is yet to come in off-
shore waters. Habitat alterations and loss will ad-
versely affect the distribution and abundance of
mammals. This plan should be a long range effert
involving civic, state and federal agencics. The pub-
lic should be encouraged to participate in any deci-
sions involving coastal zone management. Priorities
should be set for specific jobs within cach program.
Hard decisions will have to be made in spite of m-
flationary costs. The basic philosophy relative to
the implementation of the resource plan (Table 4)
should contain three elements, These elements are:

Table 4. Recommendations for a Resource Plan for Coastal Mammals.

Specific Joba
Within Each
Program

Major Program
or Area for
Funding

Research or
Continuing
Job

Management
(R or M}

Job
Priority

Habitat
Acquisition
Habita1
Studies

Evaluate and inventory
habitat (by remote
sensing and ground
1ruth studies)

improve habitat (Jand-
owner subsidy)
identify habitat
preferences for
each species
Public
Education

Expand educatienal
cfforts related 10
habitat protection

and endangered species

Harvest Conduct harvest survey
of game mammals and

fur bearers

Study cffects of hunt-
ing and trapping on
population dynamics

Population Conduct distribution

Dynamics studies

Ideniify limiting factors
Study life histories
Conduct density studies

Conduct pesticide
studics

Conduct disease studies

Yes
Yes

Yes

No

M 1

Yes

M 2

"R AR R
mode W N
Z
Q
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1. Rescarch and management programs should
be rangewide rather than confined by state
boundaries.

2. Cooperation with educational institutions
should be encouraged, particularly in those
institutions that are related 10 the Sea Grant
Program. Specific jobs could be accomplish-
ed on a cost sharing basis and at the same
time offer training for potential tield biol-
ogists in the coastal zone environment.

3. Ongoing state and federal land use programs
should be utilized where possible,

Hahitat

The acquisition and nuintenance of coastal
habitat are paramount for the survival of mammals.
Constant monitoring of babitat parameters is nec-
essary for the welfare of specics at all trophic levels.
Habitat acquisition should be given first privrity.
An attempt should be made to correlate other fed-
eral land-use and coastal zone programs so that ef-
forts will not be duplicated. Sanderson (1977) doc-
umented an organization plan for the management
of migratory shore and upland game birds in North
America. Habitat acquisition and management
were placed as the first priority by the nine species
chairmen responsible for designing comprehensive
plans for these resources. It would seem reasonable
to dovetail ongoing programs, particularly where
mammals and birds are sympatric and have relative-
ly the same basic habitat requirements. Sources for
landowner subsidies should be identified with pri-
oritics given to those habitat types that are critical.
This is especially true for those habitats that sup-
port endangercd species. Habitat preferences for
certain mammals should be evalnated. In this regard
little is known concerning the bottle-nosed dolphin
in the Mobile Bay Estuary.

Public Education

The successful conservation of our natural re-
sources depends upon an educated public. It 15 €X-
ceedingly important to formulate a sound conser-
vation ethic that will give the public the wisdom it
needs to recognize the ecological value of living re-
sources. Symposia on resources should be an annual
occurrence along the Gulf coast. Graded school cur-
ricula concerning wetland ecology should be a part
of a basic education. Coastal landowners should be
informed of the significance of their possessions.
Clear explanations of public laws should be made
availtable to the gencral population.

Harvest

~ Limited management data are available concern-
ing game and fur mammals in the coastal zane, Mast
of the research and management cfforts directed to
coastal mammals have been supported hy the hun-
ter's dollar and have involved game and furbearing
species. Management and research efforts for non
game mammals are not directly supported by state
and federal programs. Prioritics should be set by
both state and federal agencics to provide the data
that arc nceded for a sensible, balunced manage-
ment program for all mammals. The assignment ol
additional state and federal district biologists and
law enforcement officials should be considered.

Population Dynamics

It will become exceedingly more important for
us to gain additional population data as human
pressures increase in the Alabama coastal zone. In
all probability some mummalian species will be ex-
tripated from the coastal zone, Again, the conspicu-
ous absence of biological data for cetaceans cannot
be ignored. Rabies vectors should be monitored. In
1978 a single bat specimen was tested paositive Tor
this discase (personal communication, March 12,
1979, Center ol Communicable Discases, Atlanta,
Georgia). Telemetry studics and the analysis of
heavy metal and pesticide residues require teams of
scientists, Equipment for such studics1s expensive.
Here cooperative efforts could mitigate rising costs.
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PANEL DISCUSSION - MODERATOR, DR. MAC RAWSON, SEA GRANT ADVISORY
SERVICE, MISSISSIPPI-ALABAMA SEA GRANT CONSORTIUM

MEMBERS

Mr. Walter Beshears, Alabama Department of Con-
servation and Natural Resources

Dr. Dan Holliman, Birmingham Southern College
Mr. Paul Johnson, Vittor and Associates

SHIPP: Dr. Holliman, did Caldwell and Caldwecll
speculate whether or not the California sca lion
that you mentioned was an escape?

HOLLIMAN: Yes, they did, Bob. They said it
was, in all likelihood, an escape and it had a wound
on one side, which indicated that somconc had
tried to recapture it, There is, incidentally, a recent
manatee record out of Mississippi. 1t was collected
in Wolf River and subsequently returned to Flenda.
We probably have more manatees in 1he state than
we think we have.

M. JONES: All threc of the gentlemen brought up
some good management necds and some future
needs that will be heeded. 1 enjoyed Paul's slide
presentation on the possible use of herons as pol-
lution indicators. | have seen other rescarch on
that, and it’s something that we could really use in
this arca. Paul, what should we do to increase the
population of these birds, not only the herons, but
come of the other wading birds, and give them pro-
per protection?

JOHNSON: I think the answer to that was brought
out in all three of our presentations; that is, the
setting aside of critical habitat for these animals.
For example, Cat Island is a very productive area
for mammals, and not only wading birds, but shore-
birds and a vast variety of wildlife. Areas such as
Cat Istand, which is an isolated area insular group
that it is its own continuing ccosystem, could be
set aside. And, I think that is one of the major pro-
grams. As faras increasing wading bhird populations,
as Dr. Holliman pointed out, a public education
program would be warranted because many people

271

look at wading birds as target practice, specifically
on Cat Island. Until recently it was a common
practice to go to this nesting colony and coliect
eggs during the early spring. 1 think that has been
pretty much phased out with the recent e¢nviron-
mental interests, but an educational program
would be in order. Also, there was talk in yester-
day's meetings about what to do with thesc dredge
spoil islands that are going to be formed, such as
the Theodore [ndustrial Park, and oncs that will
be brought up in the future. Judy Stout mentioned
that due to the elevation on the islands they are
not suitable for planting and establishing  salt
marshes, but the higher elevation would be perfect
for development in the succession of spoil islands
for heron and egret colonies. The nesting vegeia-
tion they usc is in sccondary stages cstablished
fter about three or four years, and there have
been some excellent papers on this brought outin
the gulf coast in Texas, and some studies done in
New Jersey on development of spoil islands into
breeding bird sites.

TABBERER: What are the sociveconomics of
waterfowl hunting on the delta? Is the land leased
for waterfowl hunting? If so, what is the going
price?

BESHEARS: [t is a public hunting area. Most of
the emergent marsh is privately owned. The state-
owned marsh is open to public hunting, and all of
the bays are open to public hunting. The bay bot-
toms are under state control by the Conservation
Department.
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HORNE: 1 am worried about how you foresee
any possibility of protecting some of these animals,
{ am thinking of the reptiles that make nests on
dunes and the dune buggies that eradicate or break
the nests and break the shells and break the as fast
as they find them. What kind of protection are we
going to have to have from such intrusions? In
Baldwin County, we havea law, but the law doesn't
prohibit a dune buggy from moving unless there is
some officer there 1o do it and there aren’t officers,
The nesting turtles that come on the dunes and lay
eggs are not being protected on the duncs.

RAWSON: Maybe the answer to your question is
that if the laws already exist, cnforcement is
needed. That, sometimes, is more casily said than
done.

M. JONES: Mr. Beshears, there is a concern of
mine about industrialization in the delta area. One
point in fact is that pesticide plant that gave us so
much trouble on the Tensaw, Has any attemplt
been made to make this company pay for some of
the damages that they have caused to the many
acres of swampland that they killed? Also, I noticed
that Amoco is asking for another permit to dredge
an arca. 1 do not know il this is marsh or not, but
cvery time we allow an il company to get up into
this delicate area and dredge a canal they not only
kill the marsh by dredging it, but they pile the
spoil on top of other areas that can be very sensi-
tive. The state should not encourage drilling in this
arca, especially with the dredging of canals. We
should encourage oil companies o 1ry upland arcas
vut of the marshy areas, | would like for the state
to consider if the company is going to dnll have
them {ly in the rig, have them go to more expense
o keep from dredging out these areas.

BESIIEARS: Yes, [ agrec with you. [ know of no
attempts that we have made to get any money
from those who have destroyed any of the marsh
areas,

TATUM: I have a question for Walter. I noticed
the count that you stated on your waterfowl count
in the delta ranging from several thousand on up to
10,000, That doesn’t sound like many birds to me,
and 1I'm wondering how the kill could be so high
with just that few birds, or is that a lot of birds?

BESHEARS: No, it isn't Walter, Usually at the
beginning of the season, for the past few years,
we've had about 14,000 to 18,000 ducks present,
After the first two or three days of the hunting sea-
son, the kill drops down, and, of course, the pop-
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ulation drops down. Usually in midwinter mven-
tory, we will sce 6,000 to 10,000 bhirds. There are
some fluctuations in populations during that time.
More birds may have moved into that arca, but it
is a heavily hunted area, and it receives consider-
able pressure,

TATUM: How many birds do you cstimate are
killed? How many ducks are killed cach year in the
delta?

BESHEARS: We made somc cstimates back in
carlicr years, We haven’t done that [rom year to
year to try 1o arrive at a total figure. 1 could go
back to old Fish and Wildlife Service reports and
pull that out county by county, but it wouldn’t
apply to the delta itsell. It would be a wild esti-
mate, for me to give you any figure, May 10,000
or 15,000 ducks, and, of course, at least that many
coots are killed.

TABBERER: Do you have any problem with lead
poisoning in the delta?

BESHEARS: No.

ANONYMOUS: Mr. Beshears, apparently histori-
cally there were large numbers of canvasback in
Mobile Bay and apparently what attracted them
was all of the desirable aquatic plants they fed on.
Almost everyone who has talked about aquatic
plants in papers here has expressed the fact that
the plants scem to be being replaced by other less
desirable food species. Do you attribute the lack of
canvasbacks in this area to the diminishing {ood
spurce or o the more common state population
problems like the short-stopping or lower con-
tinental flight?

BESHEARS: 1t is attributed mainly to the low
continental population of canvasback. They are in
a low populstion level, and we have tried several
different management procedures to try to bring
them buck, but they are not responding too well.
We've had to close canvasback and red head sea-
sons the past several years, and they haven't res-
ponded. Back in the carly 1950, we had 8,000 to
10,000 canvasbacks present on the delta, Of course,
red heads fit right along in there with canvasback.

ALLEN: Arc you in a position right now to give
any predictions about the state’s attitude toward
the Eurasian water millod. It's going to cost an
awful lot of money,



BESHEARS: I don’t know what we could do,
how we could do it, how we could finance it or
anything. We made a survey with some of the fel-
lows from the Mobile District Corps of Engineers
in 1975, We started sceing a good bit of milfoil.
At that time, of course, we were concerned; but
we recommended to monitor it closely because we
felt that any type of control program might destroy
the good duck foods adjacent to it. Last year I esti-
mated at lcast 75% of the shallow bottoms are
covered with Eurasian milfoil, so it is an increasing
problem.

RAWSON: Harold thanked quite a number of
people, and we appreciate that. A lot of people put
2 lot of time and effort, and the young ladies that
have been here during the meeting; Ann Clark, my
secretary, Helen Farmer; and Darlene Marsh from
the Fish and Wildlife Service; my partners in crime,
Bill Hosking and Gale Trussell; and Barry Mcllwain
have worked during the period. 1 do very much
- thank them. They have been great to us, and we
thank you, too. I don’t think I've heard anyone
thank the audience. Without the audience, there
wouldn’t be any point in the other, We do appreci-
ate the opportunity. I think we all feel it’s been a
success: it has worked out extremely well, and
maybe in a few more years we can have another
update session to see where we have gone from this
point,



MANAGEMENT RECOMMENDATIONS

Hugh A. Swingle
Marine Resources Division
Dauphin island, Alabama

and
Harcld A. Loyacano, Jr,
).S. Fish and Wildlife Service
NSTL Station, Mississippi

Many recommendations were made in the pa-
pers presented at this important Symposium on the
Natural Resources of the Mobile Estuary. Recom-
mendations for needed research are closely inter-
woven with those recommendations for better man-
agement of the renewable natural resources of this
important estuary. This should be so, as many years
of research are required before a sound management
plan can be implemented.

Management recommendations are grouped
under the categories listed below. After each rec-
ommendation, reference is made to symposium pa-
pers from which the recommendation was derived.

1. FISH AND SHELLFISH

A. Improve collection of statistics on recreational
and commercial fisheries caich fram fresh and
salt waters of Alabama to provide better data
on catch per unit of effort, landings by species,
area of capture, catch by gear lype, and other
information required to determine the status of
the various species (see Heath, Swingle, Tatum,
Tucker, and Wadc).

B. Monitor and assess fisheries stocks including
species  compaosition and biomass, migratory
patterns, hife histories, and population dynamics
(sce Heath, Shipp, Tatum, Tucker, and Wade}.

C. Evaluate present management restrictions and
licensing requirements (see Heath, Tatum, and
Wade).

D. Evaluate present oyster management program
to determine ways to provide annual shell plant-
ing, relaying, leases of state waterbottoms, seed
beds, and rotation of harvestareas (see Eckmay-
er).

II. BIRDS AND MAMMALS
A. Acquire and manage {State or U.S.) coastal hab-
itats especially important to mammals and resi-
dent and migratory birds (see Beshears, Holli-
man, and Johnsan, also 1LI-D).
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. Determine current patterns

. Evaluate the feasibility of control of Eurasian

watermilfoil and continued control of water
hyacinth {scc Beshears).

_ Monitor and assess wading bird and mammal

population dynamics {see Holliman and John-
son).

. Educate public on the values of coastal habitats

(see Holliman).

> Conduct surveys on harvest of game mammals

and fur bearers as a basis for preparing a man-
agement program for all coastal mammals {sce
Holliman).

11, HABITAT

. Develop a benthic habitat quality index based

on benthic organisms (see Vittor),

_ Assess submersed grassbeds, with emphasis on

factors affecting distribution and productivity,
in order to identify areas where grassbeds
could be reestablished (See Borom).

_ Establish monetary value of estuarine hubitsts

for comparison of long-runge ccunomic impacts
of coastal developments (see Vittor).

. Assess marshland resources, including means of

protecting, reestablishing, and dctermining
health indices (sce Heath, Stout; also T1-A).

. Reduce point source and nonpoint source dis-

charges that degrade water quality and upgrade
existing treatment plants to meet best available
technology levels by 1983 (sce Beshears, Brady,
Eckmayer, and Wade).

and hydrological
conditions of Mobile Bay from ground truth
data and mathematical modeling {see April.
Eckmayer, Heath, Lamb, and Schroeder and

Lysinger).

_ Assess the effects of spoil banks from naviga-

tional channels upon circulation patterns and
the “jubilee” phenomenon {sce Eckmayer,
Heath, Schroeder, Lysinger, Tatum, and Wade).
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