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PREFACE

Gn the 10th, 11th and 12cth of February 1987 over anc hundred and forty individuals
participared in the Sympomium en the Nmtural Remvurces of Lhe Mobile Bay lstuary. This
Aymposlum waR the stcond Iin n series ta pruvide a forum to present the results of studies,
managrment  activitiem nand related information pertinent te6 improving wsur communal

stewardwhip of Lhe Mobjle Bry Eatuasry.

The Hatlion, State of Alabama and the coastal communitiea bordering the Bay have 4
vented dnbLersent In malataining the Bay's productivity. In particular, the fiscal stabilicy
of coastal Alabama relies, to a large extent, on the diversity of economic activities
which are Bay dependent., OQur sbility to avold the econumic losses experienced by other
coastal communities, such as the Chesapeake BRay States, will depend on our abiltty teo

effectively manage tha Mobtile Bry Emtunrine Ecoayatem,

Thirty-sight papers were preaented during the 1987 sympostum. Many of these papers
reported on the reaults of studies Lhat were identified, during the (979 symposium, as
helng ¢ritlcal to rhe development of the information base from which management decisions
ctould he bamed., The Papers prerented dealt with: The Resources of Mobile Bay; Fisheries
Remsearch and Manngement; Benthic angd Werland Resources; Hebitat Preservation, Restoration
and Mitigatlon; Edurntisonal Effurtm; Hydrography, Circulation, Water Quality and
information

Pollutantm, The primary ohjretives of this 1987 symposium were tg bring this

tegether and to Identify a new anrt of manpgement /research recommendations,

The Symposium was held el Lhe Univeraity of South Alabams in the University Center
where the formul prementatinns vere made. Posters were displayed by the Alabama Sea Grant
fxtenalon Service, Misatagippi-Alnbama Seg Grant Consortium, Dauphin Island Sea Lab, Weeks

Bay National Estuarine Rederve, and the Enviranmental Studies Center.
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KFEYNOTE SPEAKER
WILL BAKER
Symposium on the Natural Resources of the Mobile Bay Estuary

1'm delighted to be down here, and 1f anything that's been learned on the
Chesapeake can be of help to you ell it will really be a very productive trip.

You know a wise man once told me that you need teo start every spaach with a  jake
and being sort of a wise guy myself, I decided to come with two jokes, The first omne
occurred to me this merning as ] was eatling breakfast -- ham and eggs. I was thinking
about the relative success that we've had con the Chesapeake Bay and with the "save the
Bay" effort., It occurred to me that a committed citizenry has really beem the key, and
we've always had people inveived with environmental causes, It's only been of late
{maybe in the last four or five) years that people have really been committed. Here's
the funny part. As I locked down at my ham and eggs, it became very apparent to me what
a great difference there is between being involved and being commirted. You know, out
there somewhere there is a chicken that was involved with those epggs, bur I gotta tell
you, the pig from whence that ham came was truly committed.

Now the next one -- this is a true story. There is a little island in Chesapeake
Bay called Smith Island, and it's settled by some of the earliest colonists of this
Country. They're remarkable people, only about 500 live there, and they speak with this
marvelous sort of brogue. It's an accent which I've never been able to immitate -- nor
have I seen mnyone else in the country. And literally, all of these peaple make their
living in one way or another off Chesapeake Bay., They are absolutely dependent on it. I
was down last fall, over Labor Day Weekend for a funeral of an old waterman that 1've
known very well. As in many rural areas, the funeral can be quite elaborate, and it is
on Smith Island. Eventually, we got outr to the cemetery and I was sort of locking around
after that psart of the ceremony had gotten over. There are a lot of elaborate grave
stones, and way over in the corner of a somewhat grown up area, weeds and grass, was a
little tiny stome. The epitaph read in its entirety, "I told you I was =sick". Well,
there's a message in that story -- the Chesapeake Bay has been telling us that she's
been sick for many years, but no one really would listen,

Up until the early 1980s, the prevailling policy of those in government was to put
a rosy foor forward -- never say anything bad about the Bay fer fear that it would
reflect poorly en the state (may affect tourism)}. In fact, the highest ranking Maryland
environmenteal official, in 1980, said in a major apeach, "Those who say save the Bay are
doing a grave disservice to our state". 1 suppose that he thought organizations like

ours were being overly doomsdayish. And you know, its interesting -- only five or




six/seven years ago, Maryland was always considered a very environmentally Jforward
state, but no cne would admit the Bay was gone and we almest lost her. Fortunately and
remerkably, the gituation has been largely reversed,

By late 1983, peliticians were proclaiming to save the Bay. They begnn tao
appropriate money in huge amounts. The bureauvcrats were forced to follow suit  and the
"save the Bay" movement gained momentum. We at the Chesapeake Bay Foundationm turned our
attention from trying to pursuade people that the Bay was in fact ill. To helping to
orchestrate the mest efficient and effective methoed of restoration, it's leth
interesting end dntriguing to investigate just how and why the dramatic change took
place, In my opinion, it had a lot to do with Ronald Recagan, Ann Burford and Jim Watt.
Let me explein. You remember back in the early 60s -- perhaps the 60s/carly 70s, the
meaning of America really blassomed. A number of important laws were passed, regulatiens
promulgated, and programs implemented. And, there was sort of a feeling that government
was golng to take care of all the problems relating to pollution in this country, The
result of that was really a since of apathy among citizens that they had to become
involved or commicted,

Well, President FReagan c¢hanged that. For whatever reasons, he appointed Ann
Burfoerd end Jim Watt to run the Envirommental Protection Agency and the [Deportment of
Interior respectively, The way those twa individuals, systematically tried to rever=ze
thirty vyears of bipartisan support of the environment was teally appalling, and all
across the country Americans reacted. I can remember nn editorial din  Chemical Week
magazine that said we must have a credible strong EPA, They were werried ahout
backlashing, perhaps that's what happened,

So, this new spirit in environmentalism began to grow as people recalized that
government was not going to solve all the problems. And up in Maryland, Virginia, and
part of Pennsylvania, the Bay was the matural area of focus for that new environmental
interest. At the same time, EPA was putting the {inishing tauches on a really massive 7-
year/$30 million study. And although Mrs. Burford's region three administrator tried to
play down the findings, encough specific informatien was leaked to our organization rhat
the agency really had no choice but to go public. The first document they praduced was
this, and it's called 4 Chesapeake Bay Program Technical Studies: A& Synthesis., {(The full
volume would fill up this tahle here). But, EPA still tried to minimize the signilicance
of the report and refused to undertake the [inal and what 1T feel was the most dimportant
phase. One beyend just in describing the problem and making recommendations on how to

clean wup the estuary, and that was Congresgs' initial intent -- Lo go that second step.



The Senator, Charles Mathyus Republican from Maryland who had the initial idea of
the Bay study held an oversight hearing to investigate EPA's conduct. There were two
witnessess, the region three administrator I spoke of, Mr. Peter Bibroe and me {this was
back in '83). Well by the end of that hearing, it was clear the agency really had not
met the congressional mandate. That was the least of their worries. A few months later,
Mrs. Burford was fired, Mr. Bibcoe soon followed.

Fortunately, Bill Ruckleshouse rode into town on his white horse with his shining
armor, and he saved the day -- and he did. He, along with Senator Mathyus secured funds
to complete the study and insure jts full documentation and dissemination. This report,
equally large, 1is just the recommendation section of the overall study. Then they went
one further step, to produce a very Yeser friendly™ or laymen's guide to what they had
done in only 24 pages or so. This need to communicate te the ritizens and Lo the public
has always been a corperstone of the effort up on the Chesapeake,

One last thing that sort of coincided was the governor's race in Marylang, Harry
Hughes, & democrat was running for re-election when Chuck Robs from Virginia (also a
democrat} came over and campaigned for him. It was remarkable: they emerged from
Governor Hughes' OQffice for a press conference and they came out and tLhey said
"tpgether, we are golng to save the Chesapeake Bay". It may seem a little bit hard te
understand the significarce of that, but that was the first time anybody in government
{(that L've heard) that ever said that term "save the Bay" without making it a
disparaging remark, and it was the two guevernors of the twe primary states -- it was
remarkable. -

To make a long stary shert, the ball went rolling toward the Bay Program, as it's
come to he called, and nothing cam stop it. Qur biggest worry at that peint -- something
you all may consider here -- was how to keep up the momentum, At least 'til the end of
that yeat whea all the gavernors {Maryland, Virginia and Pennsylvania} were pgoing ta
join rogether for a major governors' conference in which they were going to listen te
all of the evidence and then present their recommendations as to what they were going te
do. Well, the momentum was kept up, and 1'm pleased to say -- still going stromg.

Even better, progress is heing made. Let me review just a few of the high points.
Most basically, a superb cooperative working relaticnship has been developed berween the
three primary states (Virginia, Maryland, Pennsylvania) and the District of Celumbia and
the Federal Gavernment. Whereas these jouristictions literally used to fight over the
resources of the Bay, they are now fighting for them. Second, rTeal attention is being
given to non-point source -- poliution, and a1l that happens on land, including
comprehensive land management, there is increased emphasis being placed on reducing

nutvrients at point sources, including phosphate detergent bands. We have a band in



Maryland, ocne in DC  and one is just about to pass in Virginia, In addition, the
technically difficult and expensive proposition of Temoving nitrogen is being squarely
eddressed and implemanted through pilot pregrams.

Finally, we are slewly but surely ratcheting down ot industrial and municipal
discharges and improving against the violators. And before I go any further, let me take
Just & second to give you a bhrief physical deacription of the Bay.

By anyone's stendards, its gize teally is impressive. From the mouth of the Bay
down near the ocean, which is the Norfolk and Hampton Roads area, all the way up to ltrs
headwaters where the Susquehanna River enters the Bay, 200 miles. It's 30 miles at itg
widest where the Potomac River enters the Bay and 4 miles ar its narrowest. There are
over 8,000 miles of tidal shoreline. And although the average depth is only 21 feet,
most of the Bay is far shallower, and I cen attest to thar having spent many an hour
stranded in thin waters on sand bars. And you know the watermen say "A man that hasn't,
run  ashore from time to time -- just doesn't know the Bay", I feel like I must know 1t
pretty well.

The interesting thing is as big ag all this may sound, it really doesn't tell half
of the story becaume we have learned, unfortunately I believe, to view of the Chesapeake
in  its entirery encompsssing its full worth yet, It reaches vell into New York State,
drains one-half of the State of Pennsylvania, most of Maryland, most of Yirginia and a
small segment of Delaware —- even jusc B part of North Carolina. The massive network of
tivers includes the James, the York, the Reppahanrnock, the Potomac and the mighty
Susquehanna. The Susquehanna coentributes over 50 percent of all the freghwvater entering
the Chesapeake Bay. Therefore, the need to get Pennsylvania and of course alternately
New York Invelved.

Whatever pollutants the atormwater vashes off that entire basin wind up in the
Chesapeake, and there it steys hiding 4in the sediments resting on the bottom -- able to
be resuspended by storm events. There is very little if any flushing in the Chesapeake,
and T understand that's probably quite similar to Mobile Bay.,

The Chesapeake 15 a drowned river valley, wand I think Mobile Bay is as well, Over
15,000 years age, the main stem of the Chesapeake was born from the Susquehanpa. Fifteen
thousand years ago with the Ice Age, the Susquehanna came all the way down to the ccean,
As the Ice Age receeded and the ocean level rose, the river banks vere flooded and the
main stem of the Chesapeake was born of the lowlining areas along the banks of the
river, And even today, =& deep natural channel runs the entire length of the Bay, and
that's the vld Susquehanna riverbed. This main channel really requires no dredging what
50 ever, which is fortumate, but it's a full time job to keep the ports which are all

lecated on the tributaries oper, and the quantities of dredge spall are tremendous.



To dredge Baltimore Harbor and its approach channels from a depth of 42 to 50
feet--which 1is now planned, will extract 64 million cubic yards of spoil. Al) of this
spoll thas to be contaimed because overboard dumping has been ocutlawed in Maryland and
Virginia for some time.

As the Chesapeake's size is impressive, so too are the quantities of seafood that
have been taken from its waters. H. L. Meagan called it an immense protein factory. In
its past for instance, the Chesapeake provided one gquarter of the nation's oyster
harvest, end much of it is still teken by saildriven skipjacks, the last working sailing
fleet 1in North America, Half of all the crabs in the Unites States, and crabs are
America’s fourth larpest fishery, have come from Chesapeake Bay. More clams than all of
New England combined, wmost of what comes out of the Bay are soft shell clams. Huge
quantities of finfish have historically been taken. They have come into the Bay te feed
and to spawn and have been taken in lerge numbers. Also, large f{locks of overwintering
waterfowl.

Captain John Smith in 1600 when he "discovered"™ the Chesapeake, said that it was a
fruitfol and delightsome land. Then he went on, "heaven and earth never combined 1to
frame a better place for man's habitation". Well he was right, and it's sort af irentc
that quality of the Chesapeake has been perhaps one of the main factera leading
toward her downfall. In our numbers, we have really affected the Bay and its resocurces.
She ne longer produces generously as she once did. One of the things that probably
contributes to that as much as polluticn and other things is simply that our
technologies have become too good and we're able to take too much at any given time. The
catch of oysters, clams, and many species of finfish are at their all-time low. In
addition, the commercial and recreational catch of shad and striped bass have been
completely banned for recreaticnal az well as commercial fishermen in Marylaand and the
restrictions are so great in Virginia it's going to be about as close to a moratorium as
you could have. Unfortunately, alchough we think the wpopulations will rebuild
themselves, the bad nevws is that reproductive success still remains abismally low.

As wildlife has declined cbviously, human populations have skyrocketed, growing
from 8 to 12 million people in the watershed in enly the last few decades. and although
scientists are reluctant to point » finger at any specific cause for the Bay's decline,
1t seems clear to me that a multitude of insults mre really what has caused the decline
in productivity, In some areas, such as major metropolitan areas, you can say that toxic
chemicals are probably the biggest cause for alarm. A section of the Baltimore Harbor

for instance, centains every chemical compound known to man.



But moving avay from the inner cities, out towards the mouth of the harbar, we see
that wman still has an impact, Richard Story, the architect calls this spread the
suburban spravi, "Siuburbia®, It'a taken its toll as forests are stripped away and
increasing the fon-polnt smayrce runcff, Loss of habitat due tg rapid growth and
development on the shoreline has also taken its toll, But moving further away from the
population center, the Bgricultural use of the land has contributed more and more soil
and chemicals as farmers intensify their practices to get ever greater vields from the
Bame acreage. Throughout the System, sewage treatment plants and private eptic systems
really do introduce huge quantities of nutrients, and the newer management is taking
that into atcount. You don't have to have a real imagination to get the connection
bet ween these and the water quality. The newer management also is z major issue.

The result of all of this, toxicins bio—accumulating in the food chains, less
habitat for those species that are ahble to survive, pver increasing stress from hypoxia
~— and pof course, the burden of overfishing. We have a heck of a dissolved CAYEEN
problem on rhe Chesapeake as I understand you do here as vell. Back in 1950, there vere
very low oxygen and low OXYgen waters, We didn't have any anoxia at that point, Bur 30
Years later, anoxic bottom watera are now prevailant. Ve have semething on the order of
8 15 fold increase both Spatially and temporelly of low dissulved oxygen throughout the
rear, what the watermen call “bad wvater”. They have to move their crab pots closer and
closer to shore to keep the crabs from dying if they are held in the pot, and that'l]
last from early June through late September. And of course, no dissolved oxygen helow 15
feert translates into no oyster beds in deep water.

But much to the chagrin eof Chesapeake's sportfishermen, o Jjubilees, wmaybe they
have something to look forward te in that regard. Throughout the late 708 and early BOs,
submerged sguatie vegetation (S5AV) all but disappeared from the Chesapeake, and although
® number of posaible culprets were implicated, ir now geems as if the plants were light-
limited, dying off as the photosynthetic process ig redoced primarily by massive algae
blooms and of course by sediment leads. Byt recently, resurgence of SAV in many areas
of the Bay have heen documented, and this isg goed news., It seens that two severe drought
Years in a row have allowed the grass to make a comeback. We rcanp't rely on such climatic
BVents nor do we want to suffer Franm more drought obvicusly. But the good news is that
it proves, 1 believe, that our stratepy of trying ro reduce non-peint source pollution
is viable. And in addition, I think the plants will gain just enough of a foothold that
they may be able to hang on long erough uatil improved strategies are continued and take
effect. Trying to maintain thatr resteration process and that the Pregrams have time to

take effect js a majer objective of the Chesapeake Bay Foundation,



As o non-profit organization, we are supported by over 40,000 members from every
state 1in the union. I meant to get the figures on hov meny members we have in Alabama,
but I was not able to before I left. The private funding -- this is something 1've
talked to alot with people aince I've been down here -- private funding allows wus a
great deal of complete independence from government hbodies. We have the freedom to
critigue end prod the public sector into doing what is best for the Bay. And that
philosophy would need some help by Steve Muller who is the president of Johns Hopkins
University. He said "only the checks and balances of the private sector cam ultimately
insure the integrity of the public sector™ -- good thing to remember. I think we have
made a difference on Chesapeake Bay, and I am proud of what we've done. I'm proud of the
fact that we have over 70 dedicated professionals cperaring cut of three offices in
fichmond, ¥A; Annapolis, MD; and, Harrisburg, PA -- the three states' capitals. Our
strategies for helping to save the Bay are to be teachers, watchdogs and advocates.

As teachers, we provide field instruction on estuarine ecology to over 25,000
students annually. We're not out there giving birds and the bees enviroamental brow
beeting to these kids; we're wusing the Bay as a scientific laboratory and as a
classroom. They get the message once they start to understand and appreciate the
resource, they become more interested. We don't have to give them an environmental
diatribe on what's killing the Bay —~ we do it & different sort of way. We operate
solely in marshes and on the water using & variety of Coast Guard certified crafts.

As watchdogs we oversee the role of government and cothers who use the Bay. We have
access to all public forums, administrative hearings and even the courts. I'1ll take just
a second and talk a little bit about one of our projects. We have far the last 3 1/2
years been engaged 1in a major industrial discharge compliance monitering project.
Working with the monthly discharge report thaet industry and municipal discharges
provide, we compliled a 1list of the most egrepious vielators. Fortunately, it was
relatively small in comparison to all of the discharges of the Bay, under 10 percent. We
took this list and we negotimted with the state and federal apencies and the companies
themselvea to try and reach mnegotiated fair settlements, We wanted teo do that before
going public and of course btefore going to court,

You know, there’s a lot of controversy about whether to go toe court or not. But
sometimes to waiatain your ecredibility, you have to do it. And, Al Capone had hic it
right on the head, he said “you can get a lat more with a kind word and a gun than with
a kind word alone™, So, when we had a handfull of companies, really only four who
ebsolutely refused to try and improve their situation at all, we did go to ceurt. We won
on 8ll courte., I'm pleased to say, the corporate community had really supported us in

the vast wajority of the cases, You know they don't want & couple of rotten apples to



make the whole barrel logk bad. And I think on the Bay that's what was happening with
the cases we brought to court,

One case against a meat packing ceompany in Smithfield that had been violating
their permit hundreds of times. Large amounts of chlorine, nitrogen, BOD dumped into the
Pagen River had spent literally hundreds of thousands of deollars Fighting the decisign
made at the lower courts then through the appellate courts and now the U.§. Supreme
Court has agreed to teke case because there are three Separate interpretations of the
Clean Water Act by three circuit courts im the country. Hopefully, we'll get a final
interpretation by the Svpreme Gourt by next fall, Ir's important ta rote that although
we felt a responmafbility to try and stop the polluters especially these who just
absolutely refuse to abide by the lawv at all, and get them to improve. Mgre importantly,
we were trying to prod, if you will, the government agency into improving their
enforcement Bctivity, They have respoanded and we have seen somes improvement in the
enfarcements over the lasr 24 manths,

What we attempted to do was to be a catalyst for improvaed governmental functions.
And that vord catalyst is one that keeps reappearing in our vacabulary. It's especially
Pertinent for our third program, which 1is the land congervancy, Although we own and
manage about 3,000 acres of prime habitat, we are not trying to become land barrons of
the Chesapeake. Rather, we spend most of pur time encouraging the wise use of land and
the preservation of impartant areas by both rhe private and public sectors. This and the
environmertal education program are really superb long-term investments in the future of
Chesepeake Bay. Our Environmental defense work is more short—term in nature, hut still
necessary of course.

Still, the situation on the Chesapeake has really improved immeasurahly in recent
years and yet there is ap enormous sense of uncertainty for the future, The more that's
learned about the Che sapeake and Mobile Bay, any estvary thal's cemplicaiLed as Lhey all
are, the more clearly it's understood that the ultimate restoration will not be measured
in years, but really in decades., In anticipation of the question, is the Chesapeakec Bay
getting any c¢leaner, J°'11 52y no. I'11 tell you why, . ., I think that the rate of
decline thas slowed, and the analogy is tuened inte a ship under full ahead. Onre you
drop it dewn into full astern, it rakes a long time not only just to stop it but to keep
it from going forward, and of course once you get e stopping it and actually get inta
stern way is a good deal of time. That kind of Tomentum, that kind of lag time is what
we¢ are seeing on the Chesapeake. Obviously, we can't give up now and we have to keep

working to keep the pressure on.



One of the things that we're going to try and de a better job of in the years tao
come it to do an improved job of warking with the carporate community 40 forming
partherships. This will be especially important for the scientific and environmental
community to do. Business people, are so valuable to draw into a process like this. You
know they have expertise in technical and fiscal matters, research and develepment,
long~term planning, and just basic preblem solving. In addition, just about all of the
bisiness community is well-tied to the community, they have a good deal of influence and
talent. J am convinced that a broad-based coalition of scientists, environmentalists,
and business leaders is just what it needs to carry the "save the Bay" movement into the
next decade and really the next century.

It seems to me that due to the pepularity of this Chesapeake Bay effort, such a
coalition wpuld offer the business community very real advantages and public relations
benefits, and would cffer environmentalists and scientists exposure to a group they do
not often come in caentact with, except maybe wunder sadverserial conditions. 1 =&m
committed to meking it a priority for CBF in the years to come, and I would think it
would be an absplutely fine strategy and I believe from what I've heard, one that's
already been begun on Mobile Bay. You know that the time is right for working on
environmental problems in that way because the myth that what is good for the enviroment
is bad for the economy has finally been laid teo rest, at least it has up in our neck of
the woods. We continually stress, and others have too, thet a clean and healthy Bay will
actually improve the economy as a region. We must maintain and strengthen that belief,
gnd you can't say that saving the Bay is something that we ought te do. You'wve got to
say and you've got to have pecple believe, and I think they do, that it's mandatory.
There's no other alternative. We've helped to develop a positive attitude about
cleaning up the environment. It's really a "let's roll up our sleeves and ger to work"
sort of attitude. But, I don't want to leave you with the impression that everything is
perfect, it's not., There are a number of areas where we can do a better job, and let me
just totuch on a few of them.

First, enforcement of existing environmental lawa still can be a higher pricrity.
We must do a better job of providing regional Bay-wide management. Now, if we have
several states, bundreds of local jurisdictions, federal agencies all involved that's a
hell of a job. Especially compared to Mobile Bay, where you're fortumate in only having
one state and two counties invelved. The final area of improvement is in land use
management, We took the first steps in Maryland, fortunately, in which the law was
passed to try and improve development within a thousand-foot buffer back from the
shoreline. Bur beyond that, nothing is being done and in Virginia and in Pennsylvania

ncthing is being done.



And finally, avolding Finger pointing. You know we agll find it easy to say, 1in
theary, yes we've coentributed to the decline of the Bay, whatever bay or the river,
whatever environment you're talking about. Ang then, irt's casy ta say we must all
contribute to cleaning it up. Bye that's in theory. Once you get it into practice, the
old "not me" syndrome -- you know "don't look at me, but look at that guy - he's the one
did a lot more™ becomes prevailant.

What you all have done jis so impressive and you've begun it in anp early stage. I
think of that commercial on television that anys "you can pay me now or pay me later,
it's $5 for a fram ofl filter now or $305 for a rebuild six months down the road". But,
vou're in on the gtound Eloor and if ¥ou can keep up the momentum, you're going to be in
8c muth better shape than we were on the Chesapeake,

Well, let nme change gears » little bit. I think Mark Twain said that a pgood
audience is & one that'g intelligent, well-educated, inquisivive and drunk, 1n drawing
to & concluaion, You are a good audience and I serse I better wind down before I get
thrown off the stage. Twealn also sald thac You ought to give every audfence the three
Fs; a litele fun, a litrle fact, and a little philosophy. We'va had some fun and I think
I've given you a few facts, permit me ta philesophize just for gz mement,

I'n reminded of a quote of a famous author who was writing about his land. I want
to read that to you, but I ¥&nt to see if anybody recognizes this and if anybody can
tell me vho it was or what he vas ralking about. It goes like this + « "Our land, when
compared with what it once vdas i like the gkeleton of a body wasted by disease, the
soft plump parcts have vanished and all that remains is the bare carcass", He wasn't
talking ambout Chesaprake Bay, he wasn't talking abeut Mgbile Bay. . . he was talking
about Greece in the fifth century BC end the suthor was of course Plate,

Well, 1 haven't been to Greece recently -- I haven't been ro Greece at all, but I
underatend that those lush contours of the Golden Age have really never returned.,
History has a lot to teach us {f we will listen, 1 hope that our generation can  be
remembered as the one cthat finally scops taking and taking and taking from the
envirenment and started to 8lve something back., We've Bot to do a better job of thinking
globally and acting locally. Saving Mabile Bay, saving the Chesapeake Bay for future
generations is 8o {mportant. But you knovw ve haven't inherited the earth frem our

pareats, but really we're berrowing ir from our childrer, Thank you very much.



INTRODUCTORY SPEAKER
BRUCE TRICKEY

Symposium on the Natural Resources of the Mobile Bay Eatuary

Ladies and Gentleman, it is my privilege and pleasure this morning to say a few
words about the background of the present sympesium. It 21l began frem the Alabama
legislature of 1976--Act 534, creating the Alabama Coastal Area Board and charging tLhe
Board with preparing a» Coastal Area Management Plan. This plan was, and I quote from
the act, "to preserve, protect, develop and where possible to restore or enhance the
resources of the state's coastal area for this and praoceeding generations,"

Now din writing the Coastal Ares Management Plan, the Board considered three
eptions: optien (1), was to encourage economic development and allow for some losses of
coastal resocurces; option (2), was to encourage economic development and try to hold
ceastal resources to present levels as far as practicel; optier (3), was to encourage
economic develapment and at the =same time to enbance or improve coastal resources.

After careful study and much discussion, option 1 was thought to be unacceptable to
many people in the area. Optien 3 was studied and a conclusion reached that ir was
unrealistic at the time. Option 2, trying the hold present levels was the opticn chesen.
This opticn also has the advantage of leaving cpen the opportunity of improving
tonditions where necessary and possible at some future date.

At this peint, the question arvse . . . since we now have this present levels
pelicy, what do we know about the present levels of our natural resources? In order to
solicit dinput frem those who should know the answer ts this question, the Coastal Area
Board sponsored a 1979 Symposium for coastal resources, inviting a number of noted local
and regional scientists to present the information that they had available at that time
about coastal rescurces.

As a result of the first symposium, many gaps in knowledge were identified.
Subsequently, & number of studles were funded by the Board to fill in the gaps
identified at the 1979 Symposiuwm. The technical reports resulting from this effort will
be presented during this 1987 Symposium, aleng with several other studies done by other
institutions since 1979.

It is expected that the data nov available is sufficient to provide a baseline for
#easuring changes 1n kinds and amount of natural resources and will help those charged
with making decisions in the rational development of a coastal economy having regard to

both development and the protection of the environment.



The present Symposium is especielly timely because of the many impertant projects
now unfolding in the Mebile and Baldwin Counties area. Just to mention a few: we have
the Tenn Tom Waterway which was recently completed; ve have very impartant gas and oil
discoveries in the area; we have a problem of wvhere ko put dredge soil in dispoasal; the
Theodore Qutfell fight 1s still with ug; there's a large effort for promotion of tourism
and beach development; and the Navy Home Porting Project which se many peocple are
working hard to get. Each of these are important Projects that deserve our futl support,
However, proper consideration and necessary adjustments of sych projects need to be made
to give full emphaais to the prevention of the possibility of severe degradation of our
coaatal environment.

It is wy belief that the present symposium is generally good news and will make a

great contribution to the future of the development and growth of our community.



STATE FEDERAL MARINE FISHERIES MANAGEMENT

Hugh A. Swingle

Marine Resoutrces Laboratory
P.0. Box 188

Dauphin Island, Alabama 36528

ABSTRACT: Management of Alabama marine fisheries consists of separate actions of
the Department of Conservation and Natural Resources, separate actionz of the U.5,
Department of Commerce and by cooperative actions of both agencies.
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Buainess and the Bay
A Bmldwin County Perspective
by
Hattie Smith
Sywposium on the Natursl Resources of the Mobile Estuary
February 10, 1987

When you look et the history of a place, most gften you read that the
city sprang up slong a waterway, a railroad, a highway junction. Growth
began because you could "get there from here", And so, waterways were our
beginnings. Especially in America where you could get here from countries
by floating in,

But you stayed on that waterfront only if business was good, Look at
our many "lomt" or "dead" citles, You can read any Saturday in the Mobhile
Register’s up home stories of many small towns that never grew, never will,
perhaps.

What 135 business anyway? Some words that come quickly to mind:
commerce; trade: lndustrial development; economics; "the bortom line”.

Who is business? Picture the man, or woman, in the: 3.pc suir; gray
flannel vest; camo; herd hat and work khekis; tennis viser & shorts; doctor
Breens ané mask; woman exec in cocktail dress; Mardi Gras reveler.

Where 1s business? All arcund Mobile Bay, Most of you are from
Mobile, but look with me at the mirror reflection of Mobile Bay ... Baldwin
County, You even refer to us at Fairhepe, and we do toe, as the "Eastern
Shore" ...that may be the eastern shore of the Mobile Bay, but when you're
in Baldwin County, that's the Western shore of Baldwin County

I heard a prominent Mobilian 83y, in a recent industrial development
workshop, that 1t is tough develoaping industry for Mobile because of its
location on the Bay. He said that if you draw a circle around Mobile, 3/4
of it is in the water, and figh don't buy anything. In Baldwin County, we
are developing the economy because we are an the bay. We believe that fish
buy us mn ambiance that is marketable and extremely desirable,

Baldwin Ceunty, if you'll envision your map ef the county, is almest an
igland,. It haa enly one land boundery, on the north. The ather 3 sides of

the county are surrounded by vater.. The Gulf of Mexico on the South,



Perdide Bay and Florida line on the east, and by Mobile Bay on the west.

In addition we have many, many other waterwvays, bays, coves, rivers, lakes,
inlets, marshes, the Intracoastal Canal, the Mobile Delta, etc... That BaY
is husiness.

Look at it this way: what does ar industrialist leook for when he looks
for a site? 0f course he looks at the bottom line. He wants a location
where the company can operate profitably...plus he wants a location where he
and his family will be comfortable. He wants, in addition te the financial
rewards, famlly security and that includes health, good schools, ample
recreation, nice housing, and plenty of community activities. He wants the
same things thar the environmentalist wants. The enviromment is a business,
too, you know, We'tre all here this morning on enviroamental business. Many
of you earn your living in the environment business.

It is net & metter of us vs. y'all. We are all in this survival game
together.,

Just think, the year 2,000 which sounded so futuristic to us, is now
only 13 years avay. That 13 years is a very suiteble time period for us to
do, not long-range planning, but short range planning.

Now, dovn to specific issues:

EDUCATION -- Let's start with education because everything else does. A
c¢hild in the 2nd grade this year, will vote in the Year 2000, He will begin
to make a statement of his own philosophy about conservation and business
that will impact the earth and perhaps the universe. I'm glad to see that a
good portion of this aymposium will address educarional efforts. We are
right now working on a coloring book that we can distribute to children who
visit the Chamber cffice. It will emphasize care for the coastal
environment.

COASTAL DEVELOPMENT ISSUES -- Ports and channels/Hazardous waste/solid waste
digposal/Disposal of dredged material/Marina & shipyard siting/Cendo sethack
lines/Water related energy facilities/Commercial & sportsfishing
conflicts/Recreation/Coastal storm issues/Groundwater management, for a few
Alabama's future depends, in large, on how well economic development issues
are addreased today. The new state administration is talking loud and long
on its emphasis on being more business-oriented. The changing federal role
will increase the state’s responsibility for programs and remedies.

Some of the subjects that interest the Baldwin Ceounty business

community right now are:




The changing osutlook of financial institutions, Banking has changed
mightily. The financial ¢tornounity is taking a totally different view of the
cosstal situation.

Wostewater treatment systems, The dynamic growth of construction on
the idsland was folloved, for heaven's eake, by concern for wastewater
treatment. Figuratively speaking, in some cames the plumbing was installed
before the flushing was assured We are seelng a lot of privatization in
that erea, and not Just seeing it, but smelling it in some instances

While Mobile County has a fipe environmental center for the hgard of
education, Baldwin County has yet to wake up and smell the coffee, as Ann
Landers says. We see Bome interest beginning to be kindled far us and we
#are hopeful,

The TIaland 1is crying for a rew access road and bridge for evacuation
end tourisw, and ogther parts of the county see four-laning HWY 98 as a
priority. We are told that replacing bridges in Baldwin County is a big
item for the Commissioner's attention,

But what we offer best in Baldwin County 1s @ lifestyle that 1is
enhanced by Mobile Bay and cthe Gulf of Mexico. What do we show a
prospective 1industrialist afrer he's seen the Indestrial Park? Oysters on
the halfshell and boiled shrimp, softshell crabs, c¢crabs claws, a view of the
Gulf, and the bottom 1ine gets wavy.

Weeks Bay Estuarine Reserve was a great "set-aside" of pristine Baldwin
County, The Perdide trmct cthat is now Bon Secour Wildlife Refuge was
arncther. Annexing Gulf State Park teo the City of Gulf Shores is an entirly
different matter. How much Iand should be public, how much privately pwned?
What will heppen with Federal flood insurance? Should industry be located
on the Intracoastal Canal? Will they develop Little Point Clear? What
issues do the businessmen in the sesfond industry face? And the big dissue
in  the past couple of years in Baldwin County has been zoning the
uricerporated areas. Land use, by whatever term ¥ou use, is a big business
issue, at the save time, a big environmental issye. But then, aren't all
these issues both business and environmental?

"Fish don't buy anything?" Let me put it to you this way: In New
Orleang, when Chef Faul Prudhorme went into his kitchen, scorched the
redfish and started a conflict that is commercial, industrial developmental,
gconomic and shows up on the bottom line.,... Well, that's the kind of

gituation that makes us come together to talk about the wonderful matter of
business on the bay



PETROLEUM RESOURCES

OF COASTAL AND OFFSHORE ALABAMA

Ernest A, Mancini

Robert M. Mink

Bennett L. Bearden
Alpbama Geological Survey
P.G. Drawer O
Tuscaloosa, Alabama 35486

ABSTRACT: Coastal Alabama became an oil and gas producing region in 1950 when
oil was discevered 1in the Lower Tuscaloosa sandstones {(retacecus) at the South
Carlton Field in Clarke and Baldwin Counties, The 1979 discovery of significant
quentities of gas in Jurassic Norphlet sandstones at the Lower Mobile Bay-Mary Amn
Fleld first demonstrated the nateral gas potential of offshore Alabema. The Miocene
shallow natural gas discoveries in coastal Alabama have shown that hydrocarbons are
present in Tertiary strata in the state., Petroleum reserveoilrs i1n coastal eand
of fshore Alabama occur at depths from approximately 1,800 feet (shallow Miocene) to
depths in excess of 21,000 feet (deep Jurassic), Alabama’s coastal plain and

territorial waters should remain excellent areas to explore Eor oil and ges in the
years shead,



SPORT FISHERY RESOURCES
OF THE MOBILE DELTA
AN ECONOMIC PERSPECTIVE

William H. Tucker

Game and Fish Division

P.0. Box 245

Spanish Fort, Alabama 36527

ABSTRACT: Recreational fishing in the Mobile Delta la & valuable economic asset to
Mobile and Baldwin counties. The sport fishery can potentially be adversely
impacted by population growth, economic and industrial gevelopment which might lead
to increased fishing pressure, and envircnmental degradetion. Anglers provide funds
for fishery menagement and development throuvgh license fees and excise taxes on
fighing gemr, The sale of fishing and boating supplies and equipment and all other
related expenses mssociated with fishing inject millions of dollars into local
econowiea.  Consuser surpluz associated with sport fishing adds more value to the
resplurce. In planning for economic growth and development around the Mobile Delta,
the sport fishing industry should be recognized ag bealthy and important, and the
aquatic environment which supperts the spart fishery should be protected.



THE PROSPERITY EQUATION
¥
John Y. Friend, Jr.
Symposium on the Matursl Resources
of the

Mobile PBay Fatuary

Februvary 10, 1987

It 4s a great honer to follow the distinguished speakers that have precaded me
today, particularly Will Baker of the Chesapeake Bay Feoundation, wheo has brought us a
profound message - a lesson in history and & warning applicable Lo our own future here
in the Mobile Bay areg. As the anchor man lor this partion of the symposium, T would
like to share with you a philosophy concerning the importance of both ceonomic growth
and envivonmental quality - a philesophy which I have developed over the past years as
a market research consultant working for business and industry.

I first began to think deeply mbout the foarces which fuel growth and develupment
when making econamic and population forecasts, and it wasn't long before I realized thar
many different forces affect economic activity and population levels, This, im turm,
led me to ponder the trye meaning of “progress,” usually means an  increase in  Lhe
production of goods and services or the creation of jobs and  incomes. Interesringly,
the word “profits" 1s seldom mentioned.

When wused in a purely social senze, the meaning of "progress" is Eenerally much
broader, embracing all ampects of a community's wgll-being under the catch-all phrase,
quality of life. However, it socon became evident to me that, alone, each of these
definitions is teo narrow. To arrive at a true meaning of "progress,” they had to be

combined. Thus, the Prosperity equation: Economic growth plus the quality of life

equals prosperity. Take away either econemic growth or the quality of life and you do
not have "“progress".
In a Eree entetrprise, demoacratic svciety such as ours, johs and incomes and

tcomenic develepments are absolutely essential; because in a noc growth =ociety, every

time gomeane gains something, scmeone loses something. Thi=, of course, would be
intolerable for us, and would threaten the very fabric of our way of life, Thus, we
must maintain a reasonably high quality of life, or ecomonic growth will be praningless

and counter productive.

Jobs and incomes are eagily defined. Quality of life, on the ather hand, is more
difficult to articulate, It is the kind of thing you feel, but can't always wvxplain,
Educational opportunities, access to good health care, the absence of crime oand

violence, affordable homes, good reads and highways, ample recreational facilities, and



a healthy natural environment all combined to determine the quality of our lives; for
the things just mentioned do not come free - they all hsave big price tags, particularly
environmental quelity.

Let me put this in other words by quoting from Business Brief, an economic
newgletter published by the Chase Manhattenm Pank.

"Businese growth is anm increase in a natien's ability to produce goods, services
and leismure, In America economic growth is not an end in itself, Economic growth
derives its values only to the extent that 1t contributes to the broader objective of
enhancing ipdividual dignity and providing greater cpportunities for individval
development. Am such, it 13 an intermediate abjective.,"

"But as histery amply demonstrates, Rrowing wealth
1s ne guarantee of progress toward these broader
ohjectives. It can provide the opportunity -- but
how to use growing wealth constructively is one of
the major challenges Facing America,”

Now let me get a little closer to home. The characteristic that distinguishes the
Hobile Bay area from most other localities throughout the nation is its abundance of ,
and dependence on, water rescurces - both for recreationsl snd econpmic purposes. Water
activities comprise a great part of total leigure pursuits in the Mobile Bay area,
including swimming, fiahing, toating, and hunting. At the same time, water is a
valuable economic asset for processing and trangportation uses, as well as an indirect
generator of joba and incomes in many different sectors of the economy, If one were to
add up the jobs and incemes associated with all che ecompmic activities which depend on
clean water, wabundant marine 1ife, and viable wetlands (commercial fishing, tourism,
recreation, seafood demlers, restuarants, sporting goods shops, marinas, fish camps,
yacht clubs, waterfront property management and sales), it would represent one of the
largesat, if not the largest, industry in the area,

Thus, those who would destroy wetlands or pellute the water as a trade off for
jobs and incomes are playing a zero sum game, and are doing more to harm the ecomomy
than all the world’s no growth propenents rolled into one. As such, the quality of the
warine envirenment in the Mobile Bay area is a major component of both economic activity
and the guality of life, and is werthy of great attention.

It is evident, therefore, that development and environmental quality are two sides
of the same coin. Without prowth, environmental quality cannot be afforded, and without
the amenitjes provided by environmental quality, it is obviaus that growth eannaot be
sustained. Peveleopment and environmentatl uality are therefore interdependent - not

mutually exclusive 88 is 8o often proclaimed.



How how does all of this translate inta action? In my experience, I have found
that attitiudes relative to environmental conflict conferm to the classic tell curve.
OQut on the lips of the bell are those persons who place 8 very narrow interpretation on
the meaning of proaperity! growth at sny cost on the development side, and ne growth on
the environmental side. In the middle, however, is the majority who are more inclined
to see both sides of the coin, and it is here that salutions to conflicts can be found.

Although a general concensus embracing the concept of balanced growth is not
difficult ta achieve among developers and environmentalists, agreecments conceraing
specifi¢ 1issues even among those in the middle section of the bell curve are difficult
te come by, primarily because of conflicting interpretations and assessments of impacts.

Thus, left te its own, the process often moves from agreement on the philesophical
ljevel to total disagreement when it comes to specifics. At this peint, pelitical and
legal pressure enter the arena, further cxacerbating the gridlock.

How can developmental-enviranmental gridlocks be avoided or ameliorated? By
introducing into the process a mechanism for dialogue and communication before an impass
is reached.

What kinds of mechanisms? A group of persons who comes from both sides of the
iines in the middle section of the bell curve, whe meet to resolve environmental
disputes before gridlocks develop.

Who should initiate the formation of such group? The Mobile hrea of Chamber of
Commmerce would be my candidate.

What would he the guiding principles of the group? Cgmmitment to the process,
creativity din solving problens, and compromise - realizing that in a good compromise,
everyane wins.

The existence of such a group would not interfere with the tasks of the Federal,
State, and local agencies charged with Environmental matcters. In fact, the work of the
agencies, mnight be somewhat easier since less time would be consumed in responding to
political pressure and more spent on purely professional matters. On the other Hhand,
additional preasure could bte felt as the result of greater demand for innevative
soultions.

In clesing, let me make twe comments: We have reached a point where the matter of
cumulative environmental impacts must be taken more scrinusly. Environmental
evaluations of specific situations cennot be made in a vacuum apart from the impsct of
other situmtions, both present and Euture. Alsg, we must be prepared to increase the
resources allocated to environmental evalustions, depending on the potential cost to
gome future generation of restoring and reclaiming the environment. Example, Cheseprake

Bay. Example closer to home, Perdido Bay.
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In addition to the preceding, it 1s important to understand that stgte of the art

analysis dnvolves Innovative techniques as much ag the latest cquipment and scientifie
Aapparatus. In fact, the way something is done is cften asg impertant, i1f not more
important, than the physical tools gsed. Again: the need for imaginative and creative

thinking when dealing with conflict resolutien.

Over three decades ago, Aldao Leopold, the great naturalist, had this to s5ay about

conflicets and compromise:

"All ethics a0 far evolved rest upon a single
premise: that the individual s a member of a
community of interdependent parts, His instincts
prompt him te compete for hig place in  the
community, but his ethics prompt him to cooperate
(perhaps 1in order that there may be a place to
compete For)."



RESQURCES OF MOBILE BAY: AN ECONOMIC ASSET

Summary of Panel Diecussion

The participants on the "Resources of Mobile Bay: An Economic Assetr Fanel”
were:

Moderator: Susan 1. Rees, Corps of Engineers
Hugh Swingle, Marine Resources Division, ADCNR
Hattle Smith, South Baldwin Chamber of Commerce
Ernest Mancinil, Alabama Geoclogical Survey
Fred Delchamps, Mobile Area Chamber of Commerce
Bill Tucker, Game and Fish Division, ADCHNER
Jack Friend, Mansgement Ceonsultants

INTRODUCTION

In general, two topics were covered during the panel discussion. The
topica pertained to: multiple wse conflicts; and the interdependency of
the Bay, quality of 1life and economic development,.

MULTIPLE USE CONFLICTS

Qur nation's remaining fragile coastal resources are subjected tao
varicous demands as a result of policies, plans, and decisions related to
campeting user Rroups. Mobile Bay preovides much of the econamic base of
both Mobile and Baldwin County through transpertation, tourism, seafood,
sport sand recreation, oll and gas revenues and yer alsec preovides for a
quality of 1life that makes this area and indeed the entire cgast of the
noerthern Gulf of Mexico ane of the moat popular locales in the centinental
United States. There are the competing user groups of Mobhile Bay and yer
within each ‘group' you find individvals who are proponents of different
user groups depending on the 'hat they are wearing'. The businessman who
is vitally interested in waterborne transportation as his means of support
may also be an avid fisherman on the weekends and enjoy vacationing on the
beach, The conflicts which arise over use of the coastal resocurces often
put individual against individual based en the benefits of an action to the
perceived wuser group an individuel is sfflisted with. These conflicts
often do not mllow a rational approach to management of uses of the coastal
environment such that all users are able to gain from the resource. In the
past the means that have been used to accommodate the needs of the various
users have been regulatory in nature as was discussed in the presentations
by Swingle, Tucker, and Manecini. Although these means are necessary and
in most ¢ases successful, they tend not to =solve 1issues relating teo
compatible wuwse and management of resources and indeed may result in
individuals or groups taking sides of an issue,

MOBILE BAY, QUALITY QOF LIFE, AND ECONOMIC DEVELOPMENT

The presentations by Smith and Delchamps discussed the morTe
philosophical concepts of the relationship between development and the bay
and how each rely upon each other. A common theme which gseemed to weave
throughout their presentations was that of educstion and the need for all
the people of comstal Alabama to work together toward proper management of
our limited resources. As Hatvie indicated, it'm not a matter of us and
ya'll - we are all in the game together and Alsbama's future depends on how
well we address issues related to the economic assets of Mabile Bay and
coastal Alabama. Thinking ahead, a second graders will vote in the vyear
2000 and begin to make their statements relative to the issues we discuss
today. It is very important therefore that we provide them with a basis to
make the regquired decisions and also that we have left to them a resource
that is still an economic asset to the community. Fred Delchamps stressed
that a community has to live with changes aor the community will die. The
concepts of 'stop', ‘'let things be’, and 'return to what used to be' are
not conducive to a vibrant community and therefore are not appropriate ways
to approach management of the resources of Mobile Bay. Many people are
fruatrated by the confrontational way isaues have been approached in the
past and are looking for a means to previde for <communication anmd
compromiae in managing resource issues.
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Jack Friend's presentation which he entitles the “Prosperity
Equation” brought together many of the issues snd ideas that were pregented
by the other apeakers. Although Jack's presentation was much more
eloguent, I think that it can be pretty much summed up in a rather tommon
and gomewhat comical phrase - "There ain’t no free lunch", Economic
development associated with Mobile Bay ellows us to live a quality of life
which distinguishesa Mobile frem other areas tn the Upited States,
Therefore the bay is a major compoment of both eccnomic development and
quality of 1life, As  Jack put it ‘two sgides of the same coin -
interdependent not mutualiy exclusive,

In & more quantitative fashlon, the attitude of individuala can he
vieved similar to the disztributlion of grades on a bell curve. At one end
we have the idea of "growth at any cost’ while at the other we have ‘po
grovth at any cost'. The potential solutions te conflicts cannct be found
en the ends - in reality the ends are more than likely the cause of the
cenflice., The sclutions, if they are to be found, will be faund within the
bell of the curve, Even within the "bell' there may be conflicts, however
discussion and compromise are still vimble mechanisms for resolving these
conflicra. It may be easy to agree on philosophical gpoints, however
agreement on apecific issues may he more difficult and when political and
legal pressures are applied it may be impossible to agree. A mechanism
therefore must be developed to allow for dialogue and communication before
the impass 1s reached and compromise is no longer a viable copticn,

Recommendations which were made by the speaker which I felt stood apart

from the rest included:

a. to conserve our resources it will be necessary tn work together

{Swingle);

b. education - a 2nd grade child will vote in the year 2000 (13 years from
now) and begin te make a statement corcerning quallty of 1life, therefore
we must provide them with the fundamentals te make rational decisions
{Smith and others);

t. prudent development of our oil and gas reserves will take cooperation
fdiscuasign/compromise/and working together {Mancini);

d. development of hydrocarbon reserves in the Gulf of Mexico will impact
future activities of the state - atate needs te be i{nvolved in this
development. Whet is the role of Alabama going to be? (Mancini):

e, establighment of a hroad based group te discuss ideas of management and
development before ‘the awords are drawn' (Delchamps);

f. increase public interest in factore of eavironmental degraedacion-habitat
alteration, ete. {Tucker};

g. cumulative impacts must be addressed (Friend);

From this 1list of recommendatiens, I believe that a mechanism can be

developed to resclve multiple use conflicts and lead to prudent management
af the rescurces in question.

Questions & Answers

Several questions were asked concerning establishment of a group, whe

wounld be involved, what authority the group would have. I believed cthat
one caommenter referred to this group as a revolt on the part of the people
in middle against those on extremes. Mr. Will Baker, our keynote speaker

indicated thet this is how the efforts to clean up and manage the resources
of Chesapeake Bay were started.

Bave plans for future hydrocarbon development in the bay been
developed? Utilization plans have been developed to minimize the number of
wells in the bay beth for economic and environmental reasons. These plans
would provide for wise development of a resource which has significant
economic and quality of life aspects.

Has anyene considered a provilsion for a buffer between state &
federal waters relative to hydrocarbon development of the Outer Continental
Shelf ({0CS)? The previoua administration has requested that the same
restrictions which apply te the development in state waters be applied to
federal waters. To date, the Minerals Management Service (MMS) has ignored
these regqguests. In all instances, the State has been consistent in its'
requests to MM$ that the same restrictions apply to OCS waters.



STATUS OF THE SPORT AN COMMERCIAL FISHERIES

OF THE MOBILE DELTA, DECEMBER 1980 ~ NOVEMBER 1981

Stephen P, Malvestuto

Department of Fisheries and Allied Aquaculture
Swingle Hall

Auburn University, Alabama 36849

ABSTRACT: A catch assessment survey of the sport and commercial fisheries of the
Mobile Delta revealed that fishermen exerted 400,000 fisherman-trips and harvested
640,000 kg of fish, giving harvest rates of 1.6 kg/trip and 46 kg/ha during the
study year. Of these totals, the sport fishery contributed 96X of total fishing
effort but only 55T to total harvest, atesting to the lew visibility, but high yield
capacity of the commercial fishkery, The relatively high harvest per hectare is
indicative of en effectively high harvest per hectare is indicative of an
effectively exploited Fish community where sport end commercial fishing pressure is
largely directed at different species. The total ecomomic value of the Mobile
Delte fisheries over the study year, including fishermen expenditures, market value

of the comsertial harvest and willingness to pay by anglers, was estimated te be
$13,000,000.
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BIOLOGY QF SPOTTED SEATROUT (CYNOSCION NEBULOSUS) AND RED DRUM

(SCIAENOPS OCELLATUS) IN ALABAMA ESTUARINE WATERS.

Mark 5. Van Hooge

Marine Respurces Diviglon

Alabama Department of Conservation & Natural Resources
Dauphin Island, AL 36528

ABSTRACT: Unt!l recently few specifice were known or published on the life
histories of red drum {Scfaencps ocelintus) and aspotted seatrout {Cynoscion}
nebulosus) in Alabama ineghore waters. Spawning seasons, early habitat
pteferences, and growth rates can be documented with six years of assessment
snd monitoring data and two yeats of creel survey data. Sported seatcout
have bi-modal apawning peaka, overwinter i{n tidal rivers and remain in the
local area. Red drum spawn in late summer, stay along the shoreline their
first year and are subject to the recreational fishery most prebably for
little mare than one year. Future tesearch 1a needed to answer apecific
quesationa raised by the present data.

INTRODUCTION

Spotted meatrout and red drum, two highly
prized and highly controverelal marine fish, have
been the subject of wigorous dlecuasion, regulations,
legsmlative actlion, and legal battles across the gulf
reglion. In Alabama, although many of the lseues
concerning commercial take and recreaticnal slze and
creel limits have been debated much of the debate has
suffered from the lack of concrete data on the biology
of both speciea.

mly in thie decade have programs been
initiated that are capable of answering such guesticns
om when are Cthe speciles mpawvning peaka?, what habitats
do juveniles prefer?, how many year-clamses are in
the flahery?, do the fiah remain in Alabama waters
and 1f not at what aize do they emmigrate?. Current
reaearch, an assessment and monitoring program began
October 1980, a marine recreaticnal creel survey
began October 1984, a weekly year-class assessment
program during the respectlve spawning seasone
begun June 1984 and spotted seatroul culture
work have partly or completely answered the above
and other guestions.

In thia paper, the 1ife ecycles of spotted
seatroul and red drum in Alabama lnshore waters will
be divided intc threa parts. Flrst, there ia a
pustlarval and early juvenile stape monitored most
effectively by plankton tows at selected sites.

Data {rem thia stage can answer questlons concerning
year-clase atrength, spawnlng peason duration and
peak apawnlng perlods.

Second, a juvenile pre-creel stage
monitored most effectively by selnes and trawls is
congsidered. Information from this stage addresses
questlony concerning early growth rates and juvenile
habitat preference.

Finally a late juvenile, early adult stage,
subject to the recreaticenal fishery, monitored by
the tecreational creel survey, is discussed. Data
from this final stage addresses such questions as

the number of year~claases in the fishery and age
and length at which fish are no longer captured
by the ipshore fishery.

Combining inforwatlen from all stages gives
flshery managers rolid information on the life
histories of these two fish in Alabama. Future
fighery management decislone can now be based on
data rather than dependent upon the experlence or
beliefs of user groupa.

MATERIALS ARD METHODS

The postlarval, early juvenile specimens
were taken at target stations sampled weekly duting
the spawning season with a beam plankton crawl (BPL)
(Renfroe, 1963}. The BPL i3 1.8m wide with a
0.935zm diameter mesh. The BPL was hand-towed
appronimately 65m out and then back for a total
dimtance of nearly 13Im, The tarpet stations were
establinhed on the basis ol the inlormation compiled
from the first three years of the assessmant and
mwonltoring program. The criterla for the target
stations were consistently high abundance and yearly
Fidelity of the species at the alte. Spawning seasom
duration was determined to be the week in which the
species began ro conelstently appear {n numbers until
ite virtual disappearance from the target sites.

Specimena in the pre-creel Juvenile size
were taken by seine and otter trawl. The 15.2m
bag seine with 5mm bar mesh was hand-towed approxi-
wmately 6uw from shore, pivoted 1B0 degrees and
returned to the beach. Otter trawl] samples were
tazken utilizing 4.9m trawls with 3.18mn bar mesh
liners. Ten-minute tows were made during daylight
hours.

Data on late juvenile and adult specimens
were taken from the [irsc two years, Oclober 1984 -
September 1986, of Alabama Marine Resources
Diviaion's, marine recreatlonal creecl survey ef the
hook and line fishery. All information Irom Alabama
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inaide waters, conelating of the boat and bank modes
of the aurvey plus the Failrhope Pler was conaldered.

Far the boat and bank modes, the state
was divided into five Mobile County and seven Baldwin
County sampling areas. Area gize was determined
by the ability of & creel clerk to obtain a 201
interview rate at the maximum expected fishing level
in that area over a four-hour peried. Random non-
uniform probability sampliing (Malvestuto et al.,
1978} was used to select each counties' arsa to be
sampled for each fishing mode. FProbabilicies were
otriginally asesigned based on a previous knowledge
of fishing effort distribution across all areas
and revised in October 1985 based on the firast year’s
data. In the case of the Fairhope Piler, nen-uniferm
probability sawpling was used but a fixed site was
assigned a probability of selection rather than an
aTea.

The purvey for inside waters was straci-
fied inoto weekdays and weekend days based on their
telative percentages in any cne month. For example
a J0-day month with 13 weekend days and 15 sampling
daya available then (10/30)%15=5 weekend days sampled
that month. The remaining 10 samples were then
assigned to weekdaye.

Once sampling datee and sites during a
month were chosen a time was selectad. Time
cholces were among three four-hour perieds (6-10am,
10am~2Zpm and Zpm-&pm). Adjustments of up to
one hour were made in certain monthe to allow for
daylight msavings rime. No nocturnal boat or bank
Burveys were conducted. A 6-10pm time pericd was
added the second year for the Fairhope Pler.
Initial selection of time periods was equal and
adjusted in October 1985 based on the first year's
data.

The survey from April 1985 to September
1986 was conducted by the Auburn University
Fisherlies Department under contract to the Alabama
Marine Resources Diviston. Data waes compiled by
Auburn Univeraity and analyzed by Marine Rescurces
peracnnel. Marine Regources emplayees conducted
the survey from Qctober 1984 « March 1985,

Spotted seatrout growth rates were
obrained form culture work currently undetrway at
Alabama Marine Repources Divislon's Claude Peteat
Mariculture Center (CPMC). Early growth rates are
bzsed on pond raigsed fish sud later rates on returns
from tagged.and released pond fish,

RESULTS AND DISCUSSIOR
Red Drum

Red drum are known to spawn In the Gulf,
How [ar offghote spawning vccurs remains unknown.
Larvae enter the estuary and begln to appear in BPL
samples at 3 to 4mm SL., Age estimates of this size
Alabama fish are unavailable. In Texas culture
work red drum reached 5.lmm TL in 12 days. {Johnson
et al., 1977).

Postiarval Early Juvenile Stage (3-30mm SL)

Table 1 gives the red drum time of
postlarval abundance, year-class strength of the
past three years as well as a description of the two
target etarions. Figure | shows target station
locations, The reasons for the weak 1985 year-class
are unknown. Since the assessment program began in
October 1980, red drum postlarvar have been taken
in salinities ranging from 8-3L ppt and temperatures
from 19-31 €.

Figure 2 gives weekly red drum {3-30mm)
capture peaks for 19%84. 1983, and 1986. Figure 3
combines 1981-8) monthly sampling results with the
weekly effores of 1984-8% at the target statlons.
Red drum have only one extended spawning time and
it falls within a six-weck period. Actual Gulf
spavmniing time is unknown since the figures are
based on poslarvae and their age is unknown. The
likely time of spawning 1z mid-August to early
October.

Habitat preference for postlarval, early
Juvenile red drum are unclear. The two target
statlons have silmilar bottom types but dissimilar
shorelines. Both stations; however, are adjacent
to etrong tidal current flows which could account
for their productivicy.

Early Juvenile Stage

Red drum disappear from BPL asamples by
30mm S5L. Between then and their appearance in the
tecreational fishery lictle data is available. Only
55 apecimens 30-2Z0mm 5L have been captured in the
aggedsment program from 1980-86, These captures
indicate red drum at this stage have a shoreline
habitat preference, yearling red drum are captured
#lmost exclusively by sednes. OFf the 55 taken in
six years 51 (93I) wers seine captured.

Table 1. Poastlarval Bed Drun Time of Abundance and Year-Class Strength

in Alabama {i1984-B6}.

Fed Drum

{9/ = 11/15)

Time of Abundance {9/1-11/15)
Target Stations
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Cedar Point - Sand=-shell shoreline, wud bottom.

Fass Drury — Juncus mareh shoreline, mud-clay bottonm.
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Flgure 1. Red Dewm & Spotted Seatrout Postlarvsl Sampllag Sites in Alabamas
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In a ppecial projest to collect yearling
red drum for stock analyeis 120 fish, (50-100mm S5.L.)
were taken I{n two eeine hauls in a warsh tidepool
in March 1985. The next Janvary, 30 were ssined
from the seoe location. It fs wnlikely that red
drum are avoiding trawle since fagt-swimming species
such as jack crevalle, and Spanish markerel are
captured more frequently in trawls than are
red drum.

Table 2 gives the growth progression of
the 55 red drum. From the table red drum veach
200-220um by summer. It would ceem that they
begin to evade seine capture after 100mm as oely
4 of the 55 fish were over 100mm SL.

Late Juvenile and Adult Red Drum

Table 2 showing monthly length frequencies
from 30-220mes SL indicates the largest fish }60-270mm
SL eceured from June to August. In Table 3, monthly
length frequencies from 200=-500mm TL from October 1984~
September 1986, ghows the pmallest fish Eirse
occur in June. These two tables are not directly
comparahle because the first im in standard length
and the second in total length. But that measure-
ment standard discrepancy does not alter the conclu-
aion the wmall fish that appear in the June c¢reel are
part of the year-class spawned the previous fall,

Taking thia 0 to I+ year=-clasa and obtaining
monthly mean lengths starting in June a clear growth
progresaion can be seen. This appears in Table 4.
From this table red drum average J44mm TL at one
year Ln September and 450mm TL by their second spring.

During their second apring moat red drum
disappear from the Alabams recrestional creel. (Table 3)
Between March and August only 11 red drum pver 400mm
have been recorded in creel interviews. This dis~
appearance ia abrupt &s 15 ved drum 400mm or greater
have been recorded in Pebruary creela. Alabama
red drum year-claeses either smoigrate by their
second summer or have been largsly harveated by
tecreational fishermen during their first year and
a half.

Avgilable evidence is inconclusive as to
which is the case. Other tham noting a sharp decline
in recreational harveat Erom Macch to May few other
conclusions zan be drawn. A tagging program is
needed to determine if the fish are emmigrating or
being overfiashed.

What the survey resaclts show moat dramat—
leally is that Alsbawa's eatuarine red drum fishery
is based on age 0+ or 1+ Fish. (Table 3)}. It
relies on fish between 250-460mm. Of the 206 fish
whown or listed on Teble 3 199 (971) are age O+ or
1+. Alec in the two years of creel data 986% of
fed drum landed tn Alabamn estusrine waters wers
landed from June through February.

Survey results also ahow that the proposed
i8" Gulfwide red drum gize limit would collapee
Alabams's estuarine recreational red drum fishery.
Only 14 fieh (7I) taken in Alsbama estuaries over
the two year period were in excess of (8" (460wmm).
Seven of theme Fish were taken in lower Perdida
Bay during the annual fall run of large red drum
along Alabama's coast. The others wers taken at
scattered locations throughout the year,

Spotted Seatrout

The emallest spotted seatrout taken in
HPL samples were 4xm S5L. Moet were ar least &-7mm
when they were captured. As yet it is unknown if
spotted seatrout apawn in the estusry ar the Gulf
although, pestlarval snd early Juvenile stages [4-
508w} have occurred only three times in 46 weekly
Gulf beach BPL samples and have never been taken in
Gulf trawle or seines from 1981-86,

Poatlarval - Early Juvenile Stage (4-50mm 5L)

Three tarper statione were established in
1984 chosen by the criteria set forth in the
materjzls and methods section. These stations were
designed to monitor year-clags strength and spawning
seagon duration. Locatfons of these atations are
given in Figure 1., Description of these stations
time of poatlarval abundance and year-clasa etremgth
is given in Table 5. Data from 1984 and 1985
indicated a longer epawning duratfon thus in 1986
two additional weeks were pampled., 4 progressive
increase has occurred esince 1984 in year-claes
scrength. The environmental or blologlcal factors
contributing to this trend are unknown but the last
two years were extremely dry resulting in high
eytuarine salinizies. Whether the offspring survive
or not is likely related to environmental factors and
food avajlability. Hydrographic data teken with
every capture of young trout shews they can be found
from 0-31 ppt salinity and 26-34 C temperatures.
How long these young can tolerate the extremes,
eapecially the low galinity rsnges, is probably
brief as evidenced from unpublished spottad seatrout
culture work at CPMC.

Figures 4 and 5 show yearly spawning
aeagon duratfon and weekly peaks during 1984, 1985,
1986 and spawning season weekly peeks at the targer
statlons cummulatively 1981-86, respectively.

Boch figures show that the greatest
abundance of 4-50mm gpotted seatrout in Alabama
watera occurs from lare-August to mid-September.
There i an earlier peak shown by both Figures 4
end 5 and Flgure 4 indicates the timing can vary
from mid-June to early July, Both these figures
are based on number of postlarvae neot actual
spawning. Lab work at CPMC indicates young trout
reach 6-7mm in approximately two weeks after
hactching.

Early spotted seatrout growth rate data
from lab work at CPMC fs given in Figure 6. Pond
raised trout reached 160mm TL Iin 100 days.

The target statlon habitats described on
Table 5 indicate spotted seatrout are habitac
specific. The grassflac at Coden is the most
consistent producer of spotted seatrout postlarvae.
Whether this is owlng to the grass iteelf or hydro-
graphic conditions normally found at the site is
not known.

Early Juvenile Stage

At approximately 50mm SL spotted seatrout
juveniles readily escape the BPL. From 50-200mm SL
they are captured infrequently by seine and trawl.
Trawl samples accounted for 55 of the total 63
captures (B7I).



Figure 3
Heekly Postlarval Ped Drum (4-2¢mw SL)
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Takle 2. Monthly Med drum (30-770wm §.1.) Capturem from Alabame (10/BD - pafe86)

Langth/mm Jen  Fab  Mer  Apr  May  Jun  Jul hug  Sep Oct  Mov  Dec
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Table 3. Red drum Monthly Length Fraquencles (T.L.) from Alabama {10/B4-D9/86),
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Teble 4. Hean Alabams Redfiah Lengths {wm/TL) Month by Honth, O-1+ Year-Class*,
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Table 3. PFostlarval Spoeend Beatrout Tise

o Abundance and Year-Clawa
Strength In Alebuma (84— BE).
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=i T F
Spotied Beatrout 1384 isny 198&
Time pf Abundanca {64 15=-9715) for  19me—gs
& (6/15-9/2) fnr L98& 1.& 4.7 6.1

Targec Stutions

Dauphin [sland Adrport - Mud-sand bottowm sdjacent to Juncuw Marsh.

Cedar Poink - Sand-whell shoreline, wud botzom.
Codan « Walogule grasafler - wud bortom.

Figure 14
Spotted Seatrput (4- 59-.- L)
""Mgl’ Eﬂ}“run Al abama 1984
® Spotted Seatront CPUE 1984
28 - _

r B Syotted Seatrout CPUE 1985

r O Spotted Seatrout CPUE 1986
15 4
L
CPUE 14 |

Figure 5

H 1 tted Seatrout (4- Senn SL)
ek EP&EOI I":h Alabama 19E]

CPUE




These first-year flsh show a distinct
habitat preference for tidal river mouths and channels.
Over 1200 rrawls were taken la the aspessment and
monitoring progtam from October 1980 -~ Seprember 1986
and 300 (25%) of these were towed in tidal rTiver
mouthe or channela. Of the 55 trawl-caught spotted
seatrout, 50 (91%) were taken in thoae 300 crawls.
Thua 25T of the trawls accounted for 791 of trout
from 50-200mmn captured. Of the five trawl caught
spotted aeatrout not taken in or at the mouths
of tidal rivers four were taken in January after
extreme cold weather suggesting that these [fsh
moved into open bay waters in reaponse to chanpes
In water temperature.

Evidence on yeariing spotted seatrout
growth can be seen in Table 6 and Figure 7. That
wide ranges exiot, 50-100mm 5L in Gctober, 140-2Z20mm
SL in March, is reflective of the extended spawning
season, June-September. A fish spawned in early
June may reach 200um by December whereas one spawned
in early September may not reach that asize uncil
June. Figure 7 givee growth rate daca from tagged,
released, and recaptured pond raised fish. These
figh were at 200 om TL after 150 days. At that peint
they are aubject to harvest by the recreaticnal fishery.

Late Juvenile and Adult Spotted Seatrout {200=-700mm TL)

Figure 8 shows length frequency data for the
first twec years of the creel survey. It cannot be
determined whether each peak represents a single
year-class because of the bi-modal spawning period
of spotted seatrout and the resultant different
growth ratea of each group of larvae. The peaks
at 290 and 350 could he year-clamses I+ and II+ or
year-class I+ August apawn and year-clasa I+ June
spawn reapectlvely. Evidence from hatchery-raised
tagged and released May - June fish from Claude
Peteet Mariculture Center {CPMC) indicates spotted
seatrout are capable of reaching 360ma in a year
{Flgure 7),

Wade (1981) and Tatum (1980) bath fnvesti-
gated Alabans spotted meatrout year-classes, FEach
used trout collected from the same November Baldwin
County fishing redeo, Their results are given in
Table 7. The age determinations were made from
scale annuli. The data {8 in relatively close
agreement for rlasees I1I+ and Ill+, The larger
afizes do not agree well poseibly owing to emall
mample aize and age class overlap resulting from
the bi-madal spawn,

In sum, establishing the number of year-
classes in Alabama's fishery and the length at age
for each year-class presently invalves evaluation
of poesibly inadequate data. In order to interpret
the peaks on Figure 8 a research project involving
trout collection and aging by otoliths ia required.

Wade's study also found the 11+ year—class
to be prevalent in the fishery. The creel data would
indicate the wost harvested year-clasa im I+ or II+,
ot both, depending on the ages aesigned to the peaks.
It should be noted: however, Wade was studying
tournament fish and fighermen at such events tend to
gelect for larger fish.

Wade (1981} also fnveatigated spotted sea—
Erout wintering grounda from Deceaber through March
uaing gill nets, He found Fowl River and Bayou La
Batre to be preferred hubitats. Creel results show
that of the eight fish scen in Mobile Coumty from

December - March, six came from Fowl River and Etwo
from the Dog River Area. On the Baldwin County side,
nat covered by Wade, of the 17 winter creel captures
17 came from the Weeks Bay estuary, three from the
upper reaches of Perdido Bay, and two, In late MHarch
from lower Perdido Bay. It would seem adulr trout
congregate in tidal rivers during the wincer.

Hatchery studies at CPMC determined that
spotted seatrout a5 small ae J00wm can be sexually
wature, However, the number of viuble eggs an
individual fish produces does not reach significent
levels until they attain a size of roughly 360mm,

Until 1985 tagging efforts with spotted
peatrout have been on a small scale. The longest
distance traveled by an Alabama tagged trouc is
nearly 67 km from Boggy Point in Baldwin County to
the Dauphin Island bridge in 1982, Other tag returns
from that year indicate movements of I8 km, |0 im,
and 8 km., More recent tag returns from [ish released
in 1985 and 1986 show no movement at all after 379 days
to 34 km traveled after 216 days. All tag returns
have been from Alabama waters and the 1985 and 15986
Teturns are lisced on Flgure 9.

Lonclusions

Huch has been learned over the past five
yeara concerning the blology of red drum ard spotted
seatrout in Alabama, Resgearch has answered many
of the important questions making effective
management of theae [ish less difflcult.

Red drum are kpown to have fluctuating
year-clase strengths., They have a single, extended
spawning period that occurs in the early fall.
although the sample size is small, evidence is strong
that Firet year fish prefer a shoreline habitar. The
recteational inshore red drum fishery {g almost
solely dependent on age I+ fish and younger, and the
fishery l2sts from June to February. Red drum
virtnally digappear from the creel in Alabama ia
their second spring.

Spotted seatrout spawn over a four-month
petiod with twe postlarval peaks, one in mid-June to
early July and the larger in early September, The
early juvenlles move Into tidal rivers in late fall
2nd overwinter there. Adult spotted seatrout in
the recreational creel exhibit four or five
distinet length-frequency peaks. Otolith aging is
needed to confirm age at lenpgth for this species.
Creel survey zesults reinforce conclusions of an
earlier study that adult spotted seatrout overuinter
primarily in tidzl rivers. Limited rag returns
indicate spotted eseatrout remain within state waters.

Acknowledgements

The author wishes to express his thanks teo
Mr. Ralph Ravard and Skip Lazausk! for graphics work,
Ma. Robyn Mellon for her assistance in data analysis
and Ms. Audrey Collfer for ! :r invaluable help in
complling this paper.

Litecature Cited

Johmson, A. G., W. A. Fable, Jr., T.D. Williams and
L. P. Arnold. 1977, Description of reared eggs
and young larvae of the red drum Sciaenops
ocellata pp, 118-127 in Marine Fish Fropagation
Study, Federal Ald Project F-3i-R, Completion
Repart Texas Parks and Wildlife Department.

33



XX F-HTOoOZO

TE E-Eomh

Figure &

16@ -

L4

128 +

108 +

88 4

(1)

4@

28

3ie 4

360 +

2ie

280 4

15 4

1ae -

568

ES

First 128 Dauys

Growth Fate of Alabama Fond Cul tured Spotted Seatrout -

] 19 2@ p 42 e &R e 8e

DAYS

i Crowth Rate of fitabama Pond Cul tured Srotted Sestrout
Figuwe 7 Determined From Tay Retupns - Finst S&0 bIETTES

9@

Len

k] 1ée ise e 238 3é9 3%Q 408 ane



Dac

Now

Lo

Oct

Sop
11

nc

hug

ers t‘{lu’ 84“-36)

Jul

Jun

Hay

Apr

Har

Epotited Seatrout Lenb?tth Fre
£

Fub

From #labama Estuarine

Jan

40

L
150
110
110
10
L&D
L50
170
180
1%0
00
e
120

Totule

Table &, Moathly Sported Sestrout (30-220wm B.L.} Captures frow Alsbems (10780 - D%/06),

Length/mm

v

Y S

Lo weo

At l

ndonns B

u o

R Ll

connaesy wm

s I

AT T R A -
FEA SRR T
[ N T
ARTENNNARSRANNY om

=261

M

M M T T e ™ 0 ™ “min
AR TSRS NN R SRS AR me
™y A B R, T T T N, i, 47
ERRSRSSSRY mm

e N " Sy -y

o S N ot T

AR WL, AR [ s
haus s sl b s b s oo

[SANSNT tam

Figure 9

25 -+

Ny
Y
B mo
o
t
.-

20 +

15 +

18 +
3

ToX R

¥i+
323
&15

¥
400
360

v+
hig

500

1L+
ALF
A%

11+
m

Total Length M Groups
350

I+

Attained maan leangthe (mm TL} for Spotted Sastrout Leaded in
2%

Alsbeams 1o Fovewbar,

Years 1964 - 1971 and L97) - 1977

4 Tear 1978

Table T.

Tacom {1980)%
Wadu (1981)°

Study

LS



Flgure 9- Movement of Tagged and Recsplured Spotted Seatrout frem 1995 and 1986 Nelsazes in Alsbama.
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FOOD HABITS OF EARLY JUVENILE RED DRIM

(SCIARNOPS OCELLATUS) IN COASTAL ALABAMA

Jonachan Brandon T. Morales
Departmant of Biclogy
Karine Sclence Program
Ualversity of Alabame
Tuscaloosn, Alabams 35487

Michaal R. Dardesu

Dauphin Islend Sea Lab

P.0. Box 389

Deuphin Ieland, Alabama 36528

ABSTHACT: Stomsch contents of early juvenile red drum (10-11% =m gl) vere exawmined for ontogenetic
prograssions in diet. Cruataceans were most important to smaller (< 60 mm ul) red drue, Juveniles
10-40 mm obtaioad the bulk of their prey waight from copepods and aysids; those between 40 and 60
mm ate mainly caridean ehrimp. larger individuals (> 60 wem), although »ntill relying on

crustaceans, fed {increasingly om fish.

Seasonal trends were obscured by ontogentic dietary

progression of the rapidly growing young of the year fish.

LATRODUCTION

The red drum, Sciasnops ocellatus, cosmnnly called
redfish or channel bamw, 1is an important mportfish and
foodfish aloag the entiras Gulf Coast reglon of the
United States (Masgsn, 1%8%). In 1977, U.5, fishermen
landed 3, 452,000 lbs, valued at $1,288,000 (U.S. Depc.
Comm., 1977). At pressnt, howsver, there is fear among
fishery experts that natural stocks of red drum are
rapidly baing depleted (Bill Hoskiogs, pers. counm, ),
primarily due to incressed fishing pressure and  the
steady decreame of suitable habftar.  Although stepa
have boen {nitisted to curb this trend and assure sound
managesent, & thorough knowledge of che life history
and ecology of the species is required.

Red drum epavn from late summer {Peareon, 1928;
Cunter, 1945; Pervet et al., 1580) to early winter
(Simmona and Breuer, 1962) in the Gulfl of Mexico near
the mouth of bsys and in pesses betwean barrier
islande. Egge and larvas are then carried 1loto the
bays by high salinicy tidal currents (Marley, 1983;
Morerosm end Shaw, 1984). Ouce harched, two larval
stages, called yolk sac larvae and powtlarvae, range
from 47 wm long el. Bolt et al. {1983} spacifically
identified seagrass weadows as primery nursery habitat
for postlarvas and juveniles (6-27 wm 31} in Texas.
Juvenile red drum remain in the estuary their [first
year, occupying both the deeper waters cf the baye an
well ss habitat along the wshoreline. During their
second wpring, red drum disperse and move into the Gulf
of Mexico or the deeper waters in or near the passes
where they wmature into sdults (305-750 =m al).
Movement of juveniles sesms to be controlled by
salinity aod temperature (Pearson, 1928; Simmone and
Brever, l962).

Because of the dynamic spatial and temporal
distribucion of juvenils atagee of red drum, s thorough
study of the food habits of each stage i crucial to
the formulation of management guidelines. This mtudy
exsmines wtomach contents of early Juvenile red drum
(10 - 120 =m) from the estuarine waters of Alabama
during their critical first six months, The reaulcs
complement a spectrum of feeding studies ranglng frem
Texas (Peacson, 1928; Miles, 1950; Matlock and Carcla,
1983}, Louimisna (Baws and Avault, 1975  and
Minsiseippi (Overstreet and Heard, 1978; Steen and
Laroche, 19B3) to Floridsa (Odum and Heald, 1972},

MATERIALS AND METHODS

Red drum were collected from estuarine waters of
coastal Alsbems from June 1985 to May 1986. Moe:
sampling was done during the day using vatious eeinee
in depths frow 0.1 to 1.5 merers. Eatly juvenile red
drum {10~120 mm) vere measured and sorted fo size
class intervals of 10 oo For those falling below rthe
100 wm range, The largest size class considered in
thia study ranged from 100—120 mo. Stomach contents
wera pooled by size class and by month collecked.

In the laboratory, stomach contents analysis was
petterned after Carr and Adsams (1972). This wethod
enployed a modified gravimetric procedure aod made ume
of a preliminary fractionation of food items with a
series of sleves, Large food {tems of ainilar types
recognizable o the naked eye wvere removed onto pre-
welghed £ilter padas (Whatman GF/C, 4.7 ca diameter).
The remaining stomach contents were poured inte a
series of 3 inch dismeter sieves (U.5. 5Stendard Nos.
10, 20, 30, 60, 120, 200) arranged and clamped togethex
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in order of decressing mesh stre. The peries of ajleves
were then ehaken for 10-13 minutes while washing
continuously under slowly flowing water. The contents
of each sleve, coaprieing a sleve fraction, were then
waghed into a jar and retalned for detailed anelynis
beneath & diseecting microscope.

Analysia involved subasapling each sieve Ffraction
five times and recording the Erequency of sccurrence of
each type of Ffood item in  each subgample,
Identification was to the lowest taxon posaible.
Because sll food items in a particvlar sieve fraction
were of comparahble mize, relative bilcmaas of each food
type waa directly proportioual te frequency of
GLCUTTEnCE .

After analyefw of ¢ll sfeve fractions, each
fraction wam vacuum-filtered onto a separate pre-
weighed filter pad using a Millipore filter holdet and
2 vacuua flask. Fllter pads were dried overnight fn a
drying oven at 70° C and dry weights of food {temn wers
calculated after weighing che padn  to the nearest
0.0001 g. on a microbalance.

RESULTS AND DISCUSSION

Early juveniles {(10-120 mm 1) entered Alabama
eatuarine waters in November and grew larger than 120
mm by Mey. A total of 200 fiah were examined, of which
162 {8iX) contained food and wers analyzed (Table 1).
With the wexception of the 10-19 mam size clams from
Noveaber, nearly all Fish examined {(97Z) contained
food. Composition of early Juvenile red drum diet ig
shown in Table 1. Among the 19 distinguishable food
categories, dominant prey items were crustacesns
(primarily shrimp and crabs) with a mean cocurtenca of
52.8% by weight and fish remains (28.8X), suggesting a
predatory, carnivorous Eeeding mode in the early sLages
of the red drum's life hiatory. Although & rtertain
apount of plant material was ingested, {t was prabably
taken incidental to feeding sctivities {Bocthby and
Avault, 1971). Among the {dentifiable Crumtecesans vere

caridean shrisps, mainly the grass shriwp, Palaemonetes

pugie, which  accovnted for 22,37 of all food and wag
the wost frequently occurring crustacean. Other
{dantifiable crustaceans included mysids, penaeid
shrimp, and brachyurans. Shrimp vremains, remnante of
the dominent shrimp groups observed intact, aleo
accurred freguently, Crab remains were mostly pleces of
the carapace and walking legs; awong those observed
intact, ehe genus Uca predominated. Fish remaineg wvere
moetly  partislly _Eihelted gobiide. Copepods  and
pelychaetes were mafoly obaerved 1in the pmaller red
drum size classes from 10-39.9 um  SL. Particulates,
ucidentifable, finely digested organic aatter, were
present ie each wonth and in all size claseea.
Precipitates from the formalin preservative used to fix
the gut contents soosetimes inflated particulate
percentages.

Figure 1 illustrates Food categories eaten by red
drum  of each stze clasp. Feod categories were poaled
scross months in which that size clape was present. As
red drum incressed in gize, decapod crustacesns were a
¢taple food item, present in all size classes at a
einimum of a 255 weight frequency. For the first thres
size classes (10-39 wm al), crustacean food items vere
mostly copepods, shrimp remafns and aysids (Figure 2},
Copepods appeared mm the fnirial recognizable prey for
the spallest aize clasm of red deum, They increased in
importance for the next two size classes (1-39 =m),

STOMACH CONTENTS (% dry waight]
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Figure I. Diet of sarly juvenile red drum by EBize
class interval.
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Mysids, however, also constituted a algnificant porticn
of cthe crustaceans eaten by these aize classes (38,2-
55.4%). Baan and Avault (1975) alao found zooplankterm
to be important prey ftems of similar-pized Juvenile
ted Jdrum from Loulslana. Their results, however,
showed that copepods constitutad 80-~100Z of the diet of
the 0-19% am sl mpize clase and myaids constituted 64-
67X of the diet of the 0~1% xl sl aize class.

Caridean shrimp, eapecifically Palmemonetes puglo,
appeared to dominate the diet of Alabams red drum aa
they increased in size. Grass shrinp were eaten by 30~
113 om sl red drum but were most lmpoctant in red drum
40-69 mm long, where they contributed approximately 67%
of the food weight., Crab remains, though ineignificant
in the saize classes from 30-69 mm 8l, begin to gain
importance in red drum greatec than 70 mm long. They,
however, are still secondary to caridean ahrimp. The
presence of crabs in larger-sized juvenile red drum may
indicate increawing mouth size and the ability to add
these food items to the diet. After red drum exceed
20 mm sl, fish become increasingly dmportant prey.
Slmilar evidence of fish and ehrimp as dominant prey in
older Juveniles was obaerved by Mileg {1950} and Basa
and Avsult {1%975), The importance of polychaetes =g
food 1n the 30-39 mm sl sire clape (Pigure 1) appears
to be unreported in the Litersture.

Similar trends were evident when dominant foaod
items Ingested by juvenile red drum were srranged by
=onth {(Figure 3). Crugtacesns and fish accounted for
61-98X of the total diet throughout the whele sampling
periad, Crustaceans clearly dominated during the late
fall and early winter season, then decreased gradually
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by size class ipterval,

until the middle of spring. Caridean shrimp appesred
to closely follow the trend peen for the vrustaceans as
a whole, usually contributing to at leaat 50X of the
Crustacean prey. Craba appeared to gain importance in
the red drum diet only duting the wonthe of February
and April. Myalda were frequent prey i{tems only in
December. Ap crustaceans decreased {5 {mportance
during the progresaion from early winter eo spring,
fish were increasingly preyed upon during that time.
Fishes (31-62%7 of the diet} were mainly takeo from
January to May by the juvenile ted drum.

The aeasonal patterns in food habits
cutogentic tremsicicens in diec.
fall apavn of rted drum, young of the year have
increased ino size. Llarger juvenfle red drum sanpled
during the wmonths from January to May utilized larger
prey »¢ that fieh Iocressed in importance, Food
availabiiity, however, was pot consldered 1in this
study. Relarive sbundances of crustscean end fish prey
may change from wicter to apring, encouraging a
dietary shift to fish. Other atudies of seagonal
food preferences of red drum show fish toc be wmore
important during the fall and winter =easone while
crustaceans domiate 1n the spring and suomer nonthe

paralieled
Following the early
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J Caridean shrimp oy Crustaceann
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[I[]]]] Crabh remains D Other
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Pigure 3. Diet of early juvenile red drum by wmonth.

Wide bars reprepent crustaceans and flsh; superimposed
nartow bers represent deminant groups of crustaceans.

{Overstreet and Reard, 1978). These data, however,
pertain  to mature ved drum ranging from 190-7B0 om sl.
The role of prey selection by ved deum when both fish
and crustaceans are available needs to be <clarified
(Matlock and Garcia, 19833, Future studies in Alabama
should distinguish between eessonal availability of
food and ontogenetic pregressions in diet as well as
examine the food habitats of older juvenile red drum
(120-300 ma sl).
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ALABAMA'S MARINE RECREATIONAL CREEL SURVEY
METHODS, RESULTS AND IMPLICATIONS

FROM THE FIRST TWO YEARS

Heory G. Lazauski

Claude Peteet Mariculture Center
F.0, Box 458

Gulf Shores, Alabama 36542

ABSTRACT: Alabama's marine recreational creel survey urilizes a stratified non-
uniform probahility sampling design. PResults from the first two years show
differences in harvest, effort and harvest per unit effort between three manth
blocks and between Alabama's rwo coastal counties. The results suggest that the
Spanish mackerel stocks are overfished, there are numerous under asized fish

harvesred and that anglers aspend approximately $75 millien annually on fishing trips
and capital investments,
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TPMPORAL DISTRIBUTION OF FINFISH B3GS AND
LARVAE ARCIND MOBILE BAY

Rchert L. Shipp

Department of Biology, University of South Alabama
Mobile, Alabama 36688

Introduction

Although estuaries have long been recognized
as important in finfish productivity, especially
thoae of the Gulf of Mexico (Gunter 19671, their
precise role as a spawning area and in recruitment
of newly hatched larvae is still an area of active
research (Bee Ditty 1386). In Mobile Bay and adja-
cent areas, a mumber of studies recently have
addressed this subject {Stuck and Percy 1982; Marley
1983%; Williama 1983). The information presented
herein stema from work initiated by the latter two
studies but based on additional information obtained
since their publications,

During 1981 and 1982 a study on fish stocks of
Mobile Bay wax initiated by the Alabama Coastal Area
Board. This study fol lowed sarlier ones conducted
in the late 1970's, supported by the University of
Soth Alabama and the Dauphin Island Sea Lab. One
of these, “spatial amd temporal distribution of fish
eggs in Mobile Bay" by K. Don Marley, and the other
*the distribution of fish larvae in Mobile Bay" by
Lawrence Willlams, were based on field work cam-
pleted during 1979 and 1980. The final reports
{accepted theses) were accepted during 1982 and 1983
respectively, and are on deposit in the University
of South Alabama Library. In addition, the study by
Marley (1983 was subsequently published.

During 1981 the collections were taken from
within Mobile Bay, and treated fish egqa, larvae and
juvenile - adtlt populations, The eqqs and larvae
were oollectsd from ten stations within the Bay by
methods identical to those used in the present
study.

During 1982, the study was restricted to fish
eqgs and larvae only: the station locations and
methodology were identical to those of 1981l There-
fore A year to year oonparison was performed for
these internal Bay stations. These findings were
presented in the Final Report for 1982, submitted to
the Alabama Department of Envirommental Management,
the puccessor agency to the Alabama Coastal Area
Board.

In 1983, another study was Initiated to expand
the data base and application of the information
acquired during these research efforts of the early
1980's. ‘This latest study was directed toward the
watera just outside the Bay, especially: acound the
pagses, outside the barrier islands, the near shal-
low shelf; and the deep cuter channel areas.

The rationale for this was as follows: strong
evidence exists that some species may spawn in some
or all of these locationsn, although the larvae may
quickly move into the estuary Bay proper: contro—
versy exists ac to exact site of spawning for com—

mercial species {e.q, speckled trout, jon
nebulogg) resulting in confusion and =
tencles in requlating and restrictim areas to

certain types of cammercial fishing; the precise

spavning locations of many near shore fish species
is unknown.

During 1983, funding was by ADEM, and addi-
tional furding for the 1984 period was received From
the Mabile Foundation for Public Higher Education,

g in-house funding from the Dauphin Island Sea

Thins project is a component of a milti-year
effort to assess the fish larvae and egg distribu-
tion in Mobile Bay and ajacent waters. To be fully
appreciated, It must be used in conjunction with
anrd comparison to final reports submitted to the
Coastal Area Board and Alabama Department of Envi-
ronmental Management for previous years {1981-82}.
Additional copies of these reports are also avajl-
able throgh the Dauphin Island Sea lab.

Field Methodology

Sixteen stations were selected in and around
the mouth of Mobile Bay and ghown in Fiqure 1.

Batdyle Qanety

4wir w1l danins

Figura |. Sita of statior locaclona Ln and around Mohhbe Bavy.

Plankton collections were taken at the surface
{neuston} and bottom (demersal) of the water colum
at gtations 1-16. The neuston was sampled using a
L0 x 0.5 m rectanqular PVC frame over which a 505 m
mylon monofilament net was attached. Due to the
design of the neuston net, approximately 75% of the
net frame was sultmerged. This allowed mmly the
surface of the water to be sampled, Deployed
gimiltanecusly with the meuston net was a 505 m
damersal net. The demersal net was attached to a
frame like the neuston net, but had skids with front
and back stabilizers, Welghts were attached to the
ekids to confer stability and enhance the sinking
ability of the net and frame. A calibrated General



Oceanics digital £lowmeter waa used to determine the
volume of the water filtered, The standard tow was
made by flshing the peuston and demersal nets
gimiltanecusly at approximately 2 nots for 10
mimites, Plankton samples were preserved in a 3-5%
buffered formalin solution. Buffering of the
formalin was done with scdium borate (Borax} ard
marble chipa.

At each station, water temperature, salinity,
and dizsolved oxygen were taken at the surface and
bottom of the water colum with a Hydrolab. Begin-
ning and ending counts of the Elowmeter were aleo
recorded to determine the volume of water filtered
by the planktan nets, Other information, such as
metecrological conditions, reprofuctive state of
gpecies, parasitic or bacterial infections or any
unusual conditions was recorded in the field note-
book .

Lab Methodology

The preserved plankton was proceased by several
steps: removal of all omtaminants such as twigs
and leaves; sorting and emmerating all fish egge
and larvae; and curating the eggs and larvae. The
initial removal of contaminants was done immediately
prior to sorting the eggs and larvae from the re—
mainder of the plankton, The ichthyoplankton was
sorted fraom the plankton by removing just enough
plankton to cover the hottom of a petri dish, This
was then dbserved under low power of a dissectirg
scope with the eggs being removed from the plankton
with an eye dropper and the larvae via fine tipped
forceps, This process was repeated until the entire
sample had been examined. In same instances where
the volume of eggae and larvae made it impractical to
count the contents of each stations sample, a Folsam
plankton splitter was used to subsample the
plankton, Rare or occasional species however, were
separated fram both the sample and subsample. Tlpon
campletion of sorting each station sample, the eggs
and larvae were identified to the lowest taxon poo-—
pible and counted {directly or by aligquot)., These
were labelled and placed into 2 dram glass vials
into which about a 3-5% buffered formalin solution
had been added, Marble chips were added to provide
long term buffering capabilities.

In interpreting data, examining the Tables and
Flgures, and reading the results and conclusions, it
should be emphasized that all eggs are not identi-
fiable to epecies; thus for exmmple, speckled trout
{Cyroacion nebulosus) eqgs are a component of the
antire aclaenidae ({drum family) eggs totals.

Data Analysis

Prior to analyses, the ichthoplankton data were
standardized to quantitatively assess distribution
patternz and abundances. This was accomplished by
calculating the mean density for each neuston and
demersal station using the equation:

n=a 1lb-lc (100

Where & » The area of the frame opening.

b » derived Eram the calibration factor
of the flowmeter (b=fr where
faralibration factor in m/rev and ¢
is the number of revolutions).

c = The mmber of eggs or larvae in a
station sample,

In most ing
dardized to 100

the mean denslity was stan—
of water filtered,

In order to provide some lnterpretation of the
one year sampling effort, stations were grouped
according to their physical characteristics and
location. Stations within these groupings were
assumed to function as replicates, thug station
groupings were compared statistically - ANOVA
{Analysis of Variance) to determine significant
differences between areas, Slgnificance at the 5%
confidence level waa determined, and this level is
as Iindicated by "significant® in the text unless a
different confidence level is indicated.

The station groupings {(areas) are as follows:

I Interlor Bay Stations: Stations 1, 3, 4
IT Charmel Stations: Stations 2, 8, ¢
IIl Pasa Stations: Stations 5, 16
IV West Barrier Island Statlona: Statlons 12,
13, 14, 15
¥ East shallow shelf stations: Stations 6, 7
VI West shal low shelf stations: Stations 1G,
11

Results and Conclusions

Mear 1y 500,000 eggs and larvae were sorted and
{dentified fraom 1983 collections, The cocurrence of
these by month, statlon, depth, and identification
are contained in the Figures and Tables included in
the Final Report (Dauphin Island Sea Lab Technical
Report 84-002), These data are sumarized herein.

The followlng questions may be answered v{hol ly
or in part from the results of this (and earlier)
stodles:

1) Spawning sites of finfish
a) Wnat is the role of the Bay?
b} What is the role of the passes to the
Bay?
o) What is the role of the barriar islands
andnearby shallcw shelf areas?

2) migi times
A} During what months or seasons do the

estuarine dependent species reproduce?
b} What year to year variations exist in

?pamirg times?
3] Species iti
a) which species uvtilize the different

areas of the estuarine system for spawning?

¥} What is the seasonal variation of the
species composition, in terms of eggs

and larvae?

4) Larval transport

a) What role ooes the intrusion of the

tidal salt wedge play in larval transport?

b} What role does the Mobile Ship Chanrel
play in larval transport?

The respomse to each of the above is subject to
the limitations of a single year stody. Thus sta-
tistical analysis and resultant confidence limits
are only appropriate where comparisons are appli-
cable between the results of the inside Bay study of
1981-82, or with the assuwptions of station simi—
larities as described in the Methods sectiomns, }éear
w t cemparisons possible at the completion o
my\i;a‘ sampling will greatly strengthen the vali-
dity and significance of the conclusions presented
here.
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Most estuarine dependent tropical and sub-
tropical fish specles have an extremely brief egg-
development period. Thus, little time is available
for peassive transpoct of eggs before hatching.
Therefoce, presence of large mumbers of eggs s
assumed to indicate presimity of spaning site.

Spawning aites of finfish

The interior Bay is uesed as a spawning site for
relatively few species, During early spring,

ing activity is dominated by anchovies {(see
Tables 1-4) and mesbers of the drum family
{Scisenidae), by black drum (Pogonias cramis) and
white or sand trout (Cynoscion arenarius). During
this ssascr the Bay stations (1, 3, and 4} were well
represented with eggs, However these were about 90%
Anchoa mitchilli, the bay anchovy, Sciaenid epms
Ehowed highly slgnificant (a = .01) difference in
vhelr cocurrence by station groupings with more
ococurring at atation group V, the ghallow shelf
ptations esast of Mobile Bay {off Ft, Morgan).

All egg collections at the interior Bay sta-
tions were significantly higher in demersal (bottam)
collectiong than surface when there was svrong atra-
tification of water masses, unlike those from the
outer statlons. This infers that higher salinities
are required for spawning than are found throughout
most of the upper Bay.

Stations 5 and 16, located an either side of
the pass to the Bay usually exhivdited lower eqgg
rumbers although not statistically significant than
moet other station groupings, thus either spawning
was less at these stations, or swift currents
carried eggs away frcm statlon locations,

Station groupings cutside the Bay became more
important as spawning sites during late sprimg and
early summer.,

parrier {sland stations (12, 13, 14, 15) de-
monstrated significantly more spawning activity
during early June, than any other greuping.  These
eggs were more than 99% Anchoa mitchilli, the bay
anchovy, indicating an offshore movement of this
important forage specles when carpared to spring
sampling,

The rearshore shelf and channel stations (2, 8,
9; 6, 7; 10, 11} are the stations of preference for
spavning of the commerclally important Sciaenldae,
The ool lection periods of highest mmbers for eggs
of this family were July, August, and September
(Table 4).

During this pericd there was a significantly
greater number of eggs at the outside stations, with
stations 6, 11, 13, and 15 having the highest
maber, Of the commercially important sciaenidee,
there was a significantly higher mumber of eggs
during Augqust - September at the outside demersal
gtatjons and barrier island stations indlcating very
high salinity is required for species of this family
spawning during this period Importantly this is
the pesk spawning pericd for spotted sea trout
(speckled trout} ion nebulosus, as Iindicated
by larvae of this species {Table 2). (Bggs of
acinenidse cammot be ldentified to species).

Veilizing data from the previous year's study,
the Importance of the areas outside the Bay compared
to thoee inside are in evidence, For example,
during 1982, the total number of sciaenid eggs col-
lected during the entire year, all stations, all
months totaled approximately 3000, All these col-
lfcticns were from within the Bay or Interior sta-
tions.

During several single cruises during 1983, when
the outside stations were sampled, sclaenid eggs
numbered three or more thousand, The peak perieds
were realized during July 1983, when almost 6,000
sciaenid eggs were taken during a single collection
eruibe ard during Auvgust, when more than 10,000 were
taken during a single cruise. Rlmost 1000 of these
ware taken during a single demersal trawl at station
14, just cutside of Dmuphin Islamd, at the extreme
western section of "Pelican Bay®, and nearly 1000
off Pt. Morgan in the shallow shelf area, during
July. BDuring August more than 3,000 eggs were taken
during a single tow at demersal {bottem) stations 9
and 10, the cutermost stations, 'This was signifi-
cantly grater than at other stations,

In summary, the interior Bay stations function
as an important spawning site during mid to late
epring for the lmportant forage species Anchoa
mitchilli (the bay anchovy) and some few other spe-
cleg, including the popular sport species, the white
or sand trout (Cynosclon arenarius); spawning acti-
vity progresses seaward during early to mid sumeer,
and spawning of mast species, including the speckled
trout {spotted sea trout, Cymoscion nebulosus)
ogours autgide the harrier isiands and near shal low
shelf, The Bay mouth itself appears to have no
particularly important role as a spawning site,

Spawning times

In cooler months spawning near the Bay is prin-
cipally by the commercially important Gulf menhaden
Brevoortia patronus. Spring spawning is dominated
by the bay anchovy (Anchoa mitchilli) and some mem
bers of the drum family Selaenidae, Spawning by the
greatest diversity of fishes occurs in late spring
an? suwmmer, Indication of variatlon in this pattern
must await an addition year's collections. However,
data from previous year's (1981-1982) study of in-
terior Bay astations indicate substantial variation
in spawning pericds for some species, probably re—
lated to coocurrences of spring cold fromts.

Specles composition.

The accurrence of the daminant estuarine spe—
cies Anchoa mitchilli the bay anchevy is apparent by
examination of Tables 3 and 4, However identifica-
tion of eggs to the species level i35 extremely
difficult or almost lmpossible for most species.
Thus specles cccurrence is best determined by exam—
fnatier of Table 1 and 2 data based on presence of
larvae. These data confirm the greater variation of
specles in late spring and sumer indicated in the
section above on “spasming times™.

Mention of certain species is warranted.

Of the sciaenids, the black drum (Pogonias
ceonis), the spot (Lelostomus xanthurus) and the
Atlantic croaker (Micropogonias undulatus) are pre=
dominantly companents of early spring species




groups, while vhite or sand trout (Cymosciom
arenarius], speckled {or spotted sea) trout
ymoscicn nebulosus) and whiting or kingflsh
{Menticirrhus) species are late spring and summer
spawners, Red drum or red fish (Sciaencps ocellata)
are fall spawners.

As to location of greatest species diversity,
outaide shallow shelf stations consistently provided
the high mumbers of specles, This infers that these
areas, followed by the stations just outside the
barrer lslands, are utilized by the greatest nuvber
of specles for their spawning activity.

Larval transport

Although egg concentrations are discrete,
larvae appear rore randomly distributed throughout
the study area. ‘This appeara moet evident during
late spring and summer, when spawning activity is
concentrated well cutside the Bay, yet larvae oocur
in subgtantial rmbers in the interior.

Iarval motility is weak, and while larvae are
easily capable of upward and downward movement in
the water column, their ahility to traverse long
distances is doubtful. Therefore their identity
with tidally {nfluerwed water masses, such as the
high salinity salt wedge intrusion is the likely
vehicle for theilr trangport to mursery areas from
spawniing aites.

Data from this study are not totally conclusive
as to larval trangport in and out of Mobile Bay.
However, during June-August, when greatest offshore
spaming activity was indlcated by egg distribution
there was a greater concentration of larvae in the
demersal (bottom) high salinity stations, This
differance was highly significant in July samples.
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TABLE 1

Summary of larvae, by species, by month,

SPECIES

Engraulidae
Anchoa mitehilli

Anchoa hepestus

arer::‘fus

Harenqula jaquana

oy

Clupeidae
Menidia beryllina

Mermbras martiniea

Sciaenidae
Goblesox strumosus
Goblenellua ap.
Gobiosoma op.

Dorml tator maculatus

Brevoortia patronus
Foganias cromis
Myrophis punctatus
Peprilus triacanthus

Bothidae

Synodontidae

Lagodon rhamboides

Leiostoms
xanthurus

Micr ias
iﬁ?u?atus

Hapmul idae
Goblidee
St
Anchos lyolepis

Soleldae

42

197

191

MAR
9

4673

N

7804

a5

28

91

FISH LARVAE

MAR
k) §

5159

308
876

7

36

2751

70

22

54

eollected during Winter-Spring 1983

MAY

17938
23

nz

3086

111

a90
142
234

83

21

M

27

13
51542
17

24

3106

19

19

141

MAY
24

18120
6863

1801

271

201
112

17

16

21



Haemulon sp.
Triglidae
Cynoscion nothus
Blenni idae

Sphoeroides
paryus

Scombercmorus
maculatus

Archomarqus
oba 1usg

Anquilliformes
Sericla zonata
Tetradont.iformes
Trichiurua leprurus

Microgoblug
Balistidae
Baocanichthys sp,
Carangidae
Strongylura marina
Symphurus sp.
Menticirrhus sp.
Mugil sp.
Orthopristis sp.
Atherinidae
Cyroacion nebulosus

Scombr 1dae
Elope saurus
Gadidae

Myctophidae
Peprilus alepidotus

Serranidae

Ophidiidae

FISH LARVAE

9 n 5
51 27
3 1 L3
1
4
Z
2
L
3
79
L
4 2
49
1
1
1
1
1
4
8

11

17

11

[~ N V)

104

13

49



Menidia
ryllina

Membras
martinica

B e Tanne
ulBlanae
Sciaenidae

Goblesox
strumosus

Goblonellus sp.
Gobloscma ap.

chomboldes

Leiostomus
xanthurus

Micropogonias
undulatus

Haermil idae

Gobiidae

TRBLE 2

Sumvary of larvae, by specles, by memth,
collectad during Summer-Fall 1983

FISH LARVAE
JIN JUL NG SED*
8 19 18 19
7212 1950 M35 96
7863 kK
175 1 k
114 52 254 148
u ) n
13 10
B 9
15 2 2
9 1 1
18 2 1
50 ? 1
51 9
5
4 68 26 3
4
18

ocT
17

187

13
42

11

72

68

NCR? N
17 29
1

3 4

6 19
221 12876
&

3

1 1

1

5

50

123 227



SPECIES 8

thua
acovelli k]

Anchoa lyolepis 4
Soleidae 1

Haemulon sp.

Triglidae
Symphurua sp. 15

Menticirrhus
. 5

Mugil sp.

Orthopristis
sp. 3

Atherinidae 7

Gymoscion
nebulosus [}

Scambr idae

Elops saurus

Gadidae

Myctophidae? 1

P_@I-a ilus e

Gynoscion

nothus

Ophidlidae

Serranidae
Blenniidae 21

Sphoercides
Parvus !

Scomberamorus
maculatus

Archosarqus
probatocephalus

Arguilliformes

Seriola
zonata

Tetracdontiformes

Trichiurus
Iggurus

Microgobius sp.
Balistidae

82

103

110

13

151

17

26

L}

SEPp* acr NOV NOV
19 17 17 29
1 1
280 1
17 18
6
48 2
4 13
3 2 1
16 250
1
2 2
42
5 3
21 4 1
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Bascanichtiys sp.

Carangidae

Strongylura
marina

Trinectes
maculatus

16

759

121

1141

*Septenber represented by 13 samples constituting a subsample

FISH LARVAE

2

27

922

16

147

330

250
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SPECIES

Anchoa mitchilli
Anchoa hepsetus
Symphurus sp.
Harenqula jaquana
Mebras martinica

Gadidae
Sciaenidae

Gobiesox strumosus

Brevoortia patronus

Syncdont idae

Haemulidae

anchoa 1yolepis
Soleidae

TARLE 3

Sumvary of eggs, by species, by month,
collected during Winter-Spring 1983

FISH POGS
FER MAR MAR
4 8 31
3 2606 87985
20 301 4
7
15 1362 1046
1001
1 23
3l
4
1

12733
497
239

69

17
2931

Mry
13

3991
143

1156

MAY
24

48]

14

396

53



SPECIES

Anchoa
“mitchilld
Sciaenidae

Symphurus sp.
Mersbras
martinica

Earenqula
Jaquana

Anchoa lyolepls
Atherinidse
Trinectes

Chlorcecarbrus
S

Ophidildae

Brevoortin
patroma

Triglijdase
Anquilliformes

tidae
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FISHERIES RESEARCH AND MANAGEMENT

Summary of Fanel THeacussion

The participants on the "Fisheries Research and Manegement Panel" were:

Moderator: Henry G. lLazauski, Marine Resources Division, ADCNR
Stephen P. Malvestuto, Auburn University
Mark 5. Yan Hoose, Marine Resources Division.ADCNR
Robert L. Shipp, University of South Alabama

INTRODUCTION

In general, four topics were covered during the panel discussion. The
topics pertained to the fisheries dependence on habitat, management of
heavily Efished stocks, the delta's fisheries status, and anchovies as
indicatara of Bay's health, These four topica and a synopsis of the panel
discussion are listed below.

FISHERIES DEPENDENCE ON HABITAT

Problems with over fishing and natural flucuations in year-class
ahundance <can be compensated for by reducing fishing pressure by fisheries
regulation, However, populations of species which are habitat specific can
be limited by the availability of that habitat. Red fish and speckeled
trout are good examples of habitat specific species, The degradation and
destruction of submerged grass beds and marshes are especially damaging to
most of our commercial and recreational fisheries. Reduced availability of
fisheries Thabitat results in reduced stocks of our currently valued
fisheries, hebitat loss and degration are very serious threats.

MANAGEMENT OF HEAVILY FISHED STOCKS

By monitering fisheries staocks by sampling programs and creel surveys,
overfishing can be prevented by the impiementation of fishing regulations
that decresse the fishing pressure on that perticular species, Given encugh
time, years to decades, the problems cauvsed by over fishing should bhe

correctable by reducing fishing pressure, However, the ability te manage
fisheries in this way is dependent upon the monitering of the =stocks in
question. The dinformation provided to fisherles managers and scientist by

fishermen during studies and surveys is greatly appreciated and the type of
information needed to moritor these stocks.

DELTA'S FISHERIES STATUS

In comparing the status of the fisheries in the Delta to what it was
some twenty years ago, using Wayne Swingles 1963 and 1964 surveys, the
changes don't suggest that the Delta Fisheries have been over exploited.
The commercial fishery has really remained just about the same in terms of
its' magnitude, while tlhie recreational fishery has increased eight times
since the 60's based on fishing efforts. There is considerable fishing
pressure being placed on the Delta’'s Fisheries and 1t is having an effect.
Catfish, the main commercial species, average about a pound and a half less
than they did twenty years ago. Recreational catches of the larger sizes of
blue gill den't occur as frequently as they did in the 60's. Based on the
information available the Delta is supporting the increased level of fishing
effort.

POTENTIAL USE OF ANCHOVIES AS INDICATOR SPECIES

Monitoring the relative health of the fisheries habitat ¢f the Maobile
Bay Estuarine System could pessibly be accomplished by monitoring the Bay's
Anchovy stochks. ¥e hear of the chronic effects of pollutants, longterm
exposures are necegsary hefore any measurable effeckts can bhe seen. Anchavy
apend their entire life in the Estuarine Environment and the populations
present in the Estuarlies may have been there for a long time, in the five to
twenty year range reflecting generations of exposure te the conditions of
the Bay. These anchovies can be collected by the thotsands and if increased
numbers of anemalous individuals start showing up, it could indicate some
environmental degradation.
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STATUS OF COLONIAL SEABIRD RESQURCES IN COASTAL ALABAMA

C. Dwight Cooley
U,5, Fish and Wildlife Service
Daphne, Alabama 365246

ABSTHACT: Coastal Alsbama provides iwportant habitab for a variety of nesting
colonial seabirde. Of the 38 spacien of colonial reabirds occurring in Alabama,
11 sre known to have newted. In comstel Alabawa, colonial seabirds neat on
barriar islznd and asinland beaches, on islands in Hissiseippi Sound, and on
dredged materinl dispossl areas. Formerly, tha barrier islands were the major
center of sepabird nesting aceivity, but many colonies are now abandoned.
Reasons for colony abandonment are upnclesr but human disturbance appears to ba a
major cause, Gaillerd Island, a dredged material disposal island in Mobile Bay,
is the site of the largest neeting seabird cotony in coasstal Alabama.
Fopulation levela of individual wpecies [luctuate widely on the island but rLoral
number of individuals appears to be increasing. The historical scatus of
¢colonig]l seabirds in coaetsl Alsbama is compared te present status, and
implications of increased development predséures on colonial seabird resogurces ia

discussed.

INTRODUCTION

Coastal Alabama provides habitet for am amacing
vatriety of colonial seabirde. There are 38
species O0f colonial seabirds kanown to accur in
cosstel Alabama, of which 11 species are known ko
have nested (Table 1), the remainder nesting
predomingntly in polar or subpolar regions,
Colonial seadird newting habitat in the
southeastogrn United Stmtes is» of paramount
importance Ep the maintenance of global populstion
levels af no less than six of the 11 species
nenting in Alabsma (Clapp =t sl. 1982, 1983),

The purpose of this paper is to discuss the known
distribution, habitat, sbundance, and status of
coloninl nesting meabirds in countal Alsbama. 1
use the terms "calony” and "colonies" inter-
changeably to include any aggregation of birds of
the mame or Jifferent species nesfing in proximity
to each other. This includees birds nesting on the
same isiand or section of islsnd or mainland

although popuvlations may be separated by some
diatance and occupying different kinds of
habitats.

There is no adequate information base of colonial
seabird resources for coastal Alabama. Howell
(1924, 1928) documented the location of severazl
calonies and found that four spaciean of coloniat
seabirds had nested in Alsbama previously, lIwmhof
{1962, 1976) documented the nesting of twon
additional speciea. Portnoy {1977) undertaok the
firsr aystematic survey of colonial nesting
seabirds in Alabama, although his survey included
the bavrier island and Missisaippi Sound portion
of Mobile County only. He documented the nesting
cf two additional speciea of terns, provided the
location of many colonies, and gave entimates of
the number of nests in each colony arsa. A% a
tollowup to his original study, Portnoy (1978 ma.)
reapeated his L1976 wurvays, updated his atias of
colony locations, and compared hie census reaults
from 1976 and 1978,

Table 1. Coloniasl Seabirds Heating in Coastal Alabama

Brown Felican
Laughing Guli
Harring Gull
Gull-billed Tern
Caspian Tern
Royal Tern
Sandwich Tern
Cosmon Tern
Forster's Tern
Least Tern
Black Skimmer

Pelecanus occidentalis
Larus atricilla

Larus argentatus
Eterna nilotica

$terns caupia

Sterna maxima

Sterns wandvicensis
Sterna hirundo

Sterna forsteri

Sterna sntillarum

Rynehops niger
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Figure 1. Coastal Alabama including place names frequently mentioned.

S5TUDY AREA AND METHODS

The geogrephic limits of this atudy (Fig. )
intlude the mainland portions of Baldwin and
Mobile Counties, Alabama; Mobile Bay; the Alabama
portion of Hississippi Sound; and the barrier
islands that form rhe southern boundsry of the bay
and sound. The coast of Baldwin County includes
both natural and developed Heaches of varying
width frowm Perdido Key near the Florida border to
Mobile Point at the western end of the Fort Morgan
Peninsula, 1In Mobile County, oatural areas
providing potential neating sites in¢lude Dauphin
Island, Little Dauphin Island, Sand Laland, and
the islands in Mississippi Sound. HMainland
portions of Hobile County, we in Baldwin Ceounty,
provide few potential sites due to the prevalence
of marsh and narrow beaches. Potential man-made
neating arees along the coast include Gaillard
Island in Mobile Bay, parts of Blakeley Lalend and
Cochrane GCauseway at the head of Mobile Bay, and
Little Dauphin Taland south of Pmes Drury.
HMan-made dredge materisl disposal sites in these
sareas are considered co be the most likely
potential nesting areas.

From 19841986, aerial surveys by Cessna 172 and
206 fixed-wing aircraft were perforwed during late
June. All potentisl nesting sreas were surveyed
and locations of colonies were noted., In
addition, habitat conditions of g1l potential nest
sites were noted., Following serial recon-
nsissance, an attempt was wade to visit each
colony aite. Numbers of nests were counted or

estimated and species composition of colonies was
nated ¢n each Elight or visit. In additien ta
data generated during this study, published
recocds of aesting colonial seabirds are
summarized and comparisons are made,

STATUS AND DISTRIBUTION OF BREEBING SEABIRDS

Even from the sparss data available, it ias evident
that breeding seabird status and distribution has
changed drasticalily during this century, A
comparison of past dispersion {(Fig. 2) and colony
areas in use during the study (Fig. 3) indicites a
dramgtic shift in breeding distribution and the
abaodonmear of many coleonies. 1In Eact, during
thie etudy, seven of the 15 known calony locations
Wwere not used or were used ar such low intensity
that nesting was not recorded. This shift in
breeding discribution was probably brought about
by a host of cicrcumstances specific te discreet
areas of coastal Alabama.

Barrier Ilslands

Prior to this study, the barrier islands were the
major center of distribution of breeding seabirds
in coastal Alabama (Howell 1924, 1928; Iehof 1962,
i976; Clapp et al, 1983; and Portnoy 1977),
Dauphin Ialand, Litrle Dauphin Island, and Sand
Island provided the best habitat far neating terns
#nd skimmers. There were miles and miles of
brosd, £lat beachaes Eree from all but minimal
human disturbance. cColonial seabirda couid nest
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Figure 2. Dispersion of seabird nesting colonies in coastal Alabama prior to 1984.

in these acreas essentialiy free from human
intrusion and contend only with their naturat
enemies - wveather and predators,

To be wsure, these natural enemies were undoubtedly
formidable, particularly the weather. Thae
Jow-lying, broad, flat nature of the barrier
iolands, the same characteristics that make them
suitable for seabird nesting, alse renders then
ptone to storm overwash. The degree of impact
weather can have on nesting seabirds on barrier
islands is dependent upan timing and severity of
the storm event. Timing is the most critical
factor. Even a amall storm surge ar the peak of
nesting activity can destroy wmany nests and
disrupt the colony. Hurricanes at the peak of
meating sctivity can decimate lerge aress and
result in nesting fauilure in asny colomies.

There are & howt of develiopwents, not unique to
Alabams cosatal barvier aystems, that probably act
in eynergism to influence seabird stgtus and
distributien. In F956, a causeway and bridge were
constructed between Cedar Point and Dauphin
Island, lioking the mainland and barrier ialands.
This bridge opened the once-isolated Deuphin and
Little Dauphin falands to iacresased human use and
irs associsted impacts. Dauphin leland became a
mecca for the development-hungry and recreation-
starved. Theae islands were subjected to varying
ratea of residentisl development, slong with its
associsted commercial development. Development
induced an ever—increasing exodus of people to the
islands with a corcomitant need for recreational
sctivitied,

The recreational demands of an increasing coasts!
human population probably did more to inEluence
seabirds on the barrier islands than any other
Factor. Boating activities increased dramat-
ically. Even areas that were aot sccessible by
road, such as Sand Island aad the west end of
Dauphin Island, became acceanible by boat,
subjecting seabird colonies to increased human
disturbance. 1In recent years, off-road vehicle
{ORV) use has become particulaely acute on the
vest end of Dauphin Island even though there it a
beach driving law that, in theory, should prevent
much of the ORV use in thias sengitive area.

The results of our serial aurveys in late June of
1984-1986 give some indication of the poasibie
impsct of ORV use on the west end of Dauphin
Island, During this time, we recorded ao colonial
seabirds nesting in the area even though Portney
(1977) found at least three substantial colonies
in 1376. One does aolL have to look Far ko Find
the reason for this colony abandonment between
1976 and 1984, From tire marks it is evident that
ORV uze has been rampant in the past few years.
Hardly a square foot of the weat wnd did not show
some evidence of DRV use. Seabird colonies could
not stand this presasure,

KMissisgippi Sound

The status of seabird colonies on the many small
islands in Mississippi Sound has probably not
changed much recently. There are indi‘:ft_ions that
there may be an increase in nesting activity (John
Dindo, pers. comm,). HNesting habitat for many
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Fipure 3. Dispersion of seabird nesting colonies in coastal Alabarm, 1984-198G.

specien, with the notable exception of Foreters
Tern, iv limited becaune most of these islands are
dominated by marsh with only a small friage of
sand andfor sheil beach sround theiv peciphery.

These islande may becowme more important to
colonia)l seabirds in the future because of some of
their mttcibutes. All of the islands are
relatively spall and are not wuited to residentcial
development, The islgnds are not linked to the
msinland by a transportation carridor and access
iz by boat only. These two attributea tend to
limit human disturbance in the area. Alsg, the
islands may provide a more stsble neabing
substrate because they are somewhat buffered from
storm activity by Dauphin Island to Cthe south.

There are recant developuentsa thst have the
potential to oegatively impact this ares. There
has been a dramatic increase in oil and ga=
explovatian activity in coastal Alabama over the
past ten years and this activity is not expected
to decresse in the near future. Huch of this
activity has been centered in the lover Mobile Bay
and Hississippi Sound vicinity. Fortunstely,
accidental spills asscciated with oil and gas
production have not occurred in cosstal Alabama
but whetre they have accurred, they have resulted
in catastrophic seabird impacts. One hopes we
will never have to sddress this problem.

Mobile Bay

Forwmerly, very little habitat was avai?_.able for
nesting seabirda in Mobile Bay. Extensive beach
habitst was lacking and marshes fringed much of

the bay. Man's activities during this century has
created fastland of varying quality within the bay
that is suitable for seabird nesting. At the head
of Mobile Bay, Blakeley lsland and Cochrane
Causewvay were conatructed from dredged material
generated by harbor development and rtoad
construction, respectively, Within the shallow
waters of the bay, east of Theodere Industrial
Park, the Corps of Engineecs (COE) has constructed
Gaillard Island to contain dredged macerial
genecated during construction and meintenance of
the Theodore Ship Channel.

S5eabird nesting on Blakeley Island and along the
Caochrane Causeway has been sporadic. In 1979,
several apecies of colonial seabirds neated an
Blakeley Island {John Winn, pers, comm.) but have
not nested since. Along Cochrane Causeway, Lerns
near sporadically on sandy dredge material
disposal areas north of the causeway. HNesting in
both these areas is limited by the amount of
habitat available, the easy human and predator
accesas to that habitat, and continuing development
of these areas.

The most important seabird nesting ares in Mebile
Bay and all of cosstal Alabama is Caijlerd lsland,
Conatruction of the island began in April 197¢ and
the present configuration was essentially complete
by August 198l. Soon after the perimefer dikes
were brought above water, colonial Reabirds began
nesting on the island, During this study
(1984-1986), all il species of seabirds that have
historically nested in coastal Alabama nesced on
Gaiilard Island during at least one agason. In
each of the three ceasons, nesting activity was
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substantial. In 1984, approximately 8000 pairs of
seabirds nested on the island while 12,000 pairs
nested in 1985 and 7000 in 1985,

The suwitability of Gaillard Island as a seabird
neatiog area is the resulc of many factors. For
the wost part, this island has not yet been
“diwcovermg" by the general publiic and has,
therefere, escaped many of the impacts associated
with human intrusion. Access to the island is by
boat enly, further cestricting human disturbance.
As is common on nevwly formed islandw, predators
that might diarupt aeabird nesting have nob yet
becows evtablished. Predator eatablishment may he
#lowed by the large expannes of gpen water between
the island and mainland and & lack of cover on the
island., iIn addition, invasion of the igland by
seabirda that foreerly nested in the abandoned
colonies of the barrier istands msy contribute to
use of the island.

Habitst diversity is the most important factor
controlling the emount of sesbird uyse of Gaillard
Island. There are four distinet habitat typea
occurring on the island: areas whers dredged
material has been placed Tecenbly, older deedged
wmeterial flats, dredged material ranks, and
vegetated areasn. Areas where recent dredged
material has been placed tend Lo be dominated by
¢laye and siles with little shell material, These
areas are used by depression nesters including
Caspian and Royal Terns. The older flats contain
sand mized with varying amounts of shell material
preferced by species such as Gull-biljed, Commoa,
Leant, Caspian, and Joyal Terns. Dredged material
banks consist of areas of sandy materisl where the
clevation is higher than the surrounding area,
such aw dikes and beras, preferred by Black
Skimmers. Vegetated asreas are those vhere grasses
such as cosatal bermyda (Cynodon dactylon)
have been planted or vhere plants have naturaiiy
invaded. These sress are the preferred nest sites
for Brown Pelicans and Laughing Gulle,

Mainlead

The extent of colonial seabird nesting activity in
mainland Mobile and Baldwin Counties is poorly
known. Undoubtediy, nesting formerly occurved at
several pites. However, the only information we
have indicates that, at least recently, activity
has been low., MNesting habitet along the aninland
i# limited in extent, open to human sccase, and
subject tp many development pressures and
aspociasted human disturbance. The only known
szabird colonies on the msicland have besn in the
Gulf Shores srea.

SPECIES ACCOUNTS

An anncotated list of seabirds nesting in cosstal
Alabama can be found below. Pigure & presents
data on the historicsl and preaent distriburion of
colonizl seabird populations.,

Brown Pelican

Brown Pelicans occur regularly along the Alabases
coast throughout Lhe year, but nest in only cne
location., The first documented neating in Alsbsma
occurred in 1983, when they were found nearing on
Gatllacrd Island in Mobile Bay, They have
rontinued to nest on the island in subsequent
years. In 1983 and 1984, nests were conatructed
in debris along the eastern wide of the ialaad.

in 1985, nests wvere again constructed aear the
previous years' sife but were abandoned in early
May as dike reverment work progreased to within
600 ft. of the nestsa, Fortunately, the birds
relocated to a vegetated area on the southeamtarn
torner of the island and had 2 productive year,
In 1986, again nesting on the southeast corner af
the island, approximately 100 pairs produced in
excesa of 500 young,

Laughing Gull

Laughing Gulls are the most abundant breeding
marine bird in the southeastern United States
(Clapp et al. 1933}, and are comman slong the
Alabawa coast throughout the year (Imhof 1876),
Although they are abundant during the neating
3eason, they have aested in only tua locations.
In 1979, they nested on an island in sn alkaiine
pend known as Alcoa Hud Lake #1 an Blakeley Lsland
(Johe and Bev Winn, pers. comm.)., They vere
nesting in a mized colony consinting of Caspian,
Gull-billed, and Foraters Terns, Black Skimmers,
and Black-necked Stilts (Himantogus
mexicanusl. The coleony was not present at that
location in 19378 noar has it been active since
1979,

The largest Laughing Gull colony along the
novthern Gulf af Mexico and the enly one preaently
extant in Alabama ia on Gaillard Island. They
firse neated there in 1983 (Dan Holliman, pers.
comm, ) and have neated there in intervening years
(1984-1986). O0n Gaillard, they nest solely in
vegetated areas and seem to select thick mats of
coastal bermuds grass as their favored nesting
substrate. During this atudy, the number of
nesting pairs pemked at approximately 10,000 in
1985 and fell ta an eatimated 4500 in 1986,

Herring Gull

The Herring Gull ia a compon winter renident in
cosstal Alabama with a fev remaining through the
rummer. The one and only neating in Alakama
occurced on Gaillard Island in 1986 (Cooley et al.
1987 ms.) when a nest with two eggs was found in a
Lsughing Gull colony adjacent to the Brown Pelican
festing area, Both adults were seen to incubate
and the nest and adulrts were found an subsequent
trips. Herring GCulls are not known to nest any
closer to Alabama than coastal Worth Carolina some
600+ miles away (Clapp et al, 1981).

Gull-billed Tern

Cull-billed Terns were Firar discovered nesting in
Alebama in 1936 when three nests were found at
Cedar Poimt {Imhof 1962). Since that time, they
have nested at four additiconal locations, Within
the barrier islands, 2] nesting adults ware found
on the west end of Dauphin lsland in 1976 {Portnoy
19771 and 100 pairs nested on Sand lsland in 1979
{(Jackson and Coaley 1979). At the head of Mobile
Bay in 1979, 64 nesting adults were found on an
island in Alcoa Mud Lake #1 on Blakeley Ialand
(Jochn and Bev Winn, pers. comm.) but not
thereafter., In recent years, Gaillard Ialand has
contained the higheat number of nesting
Gull-biileds in Alabama where the number of
testing pairs peaked at 200 in 1985.

Caspian Tern

Caspian Terns arae a recent addition te the
breeding seabird list of Alabsma. Portonoy (1977)



found the first evidence of nesting in Alabama in
1976 when he noted (32 nesting adults on Little
Dauphin lsland, In 1379, 340 nesting adults were
among s mined apecies coleny on an island in Alcaa
Mud Lake #1 on Blakeley Taland {John and Bev Wion,
pers. comm,}, butl they have not neeated there
gingce. Since 1983, this specics has nested on
Gaillard Ialand only, 1C was a major component of
the nesting assemblage in 1985 when approximately
100% pairs nested on the island, MNumbers of neats
on this isltand plummeted in 1986 when approx-
imately 100 were counted.

Royal Tern

The Royal Tern is one of the most common
year-round residents in cosetal Alabama, yet
neating is sporadic and at low leveles. The
species was first recorded neating 'prior to 18937
on an island at the mouth of Mobile Bay. However,
neating was interrupted in 1893 when the ialang
was vwashed away by a storm {Howell 1924)., In
1958, 504 neats were found on Sand Ieland (Imhof
1962). WNesting on Gaillard Island since 1983, the
Apecies has not increased es one might expect.
The moet productive year on the island was 1985
when approximscely 150 nests were recorded. The
number of nests ia 1956 decreasad to 30, approx-
imately the same aa 1984,

Sandwich Tern

The Sandwich Tera is a low deneity nester in
Alabama that asscciates with Royal Terns in
nesting colonies. As far as we know, Sandwich
Terns have neated at only two locations in
Alabama, They sented with Raysl Terns prior to
1893 on an island at the mouth of Mobilte Bay and
suffeved the same Eate when the island waghed avay
in 1893, Since that time, they have neated only
en Gaillard leland in associaticm with Royal
Terns. There were 50 nesating adults in 1983 and
1984, no nesating racorded in 1385, and only two
nests in 1986 on the island.

vommon Tern

Nesting locarions for the Common Tern are few in
Alabama, and for rthat matter, slong the Gulf of
Mexico as & whole. Outeide of Alabama, there are
fewer than 10 documented nesting locations in Gulf
of Mexico coastal areas (Clapp et al. 1%83). 1In
Alabama, they have nested at two locations.
Portney (1977} recorded the first nesting record
for Alabama when he noted 12 nesting adults toward
the west end of Dauphin Isiand in 1976, Thase 12
birds were the only ones he recarded in Louiniana,
Miesisaippi, and Alabama during his extensive 1974
aerial and ground surveys. On Gaillard Isignd,
Common Terns have nested in 1983 and 1985-198s.
In 1983, 50 nesting adults were noted while ten
and seven nests were recorded in [985 and 1986,
respectively,

Forsters Ternm

The status of Foeraters Tern in Alabsma is similar
to that of Common Tern. Only two nesting areas
are known, In 1962, & “"few pairs™ nested in
southern HWobile County (Imhof 1976}, In 1984 and
again {n 1986, they nested on Gaillard Island,
There were 30 nesting adults on the island in 1984
and nine nests tecorded in 1986,

Least Tern

Least Tetns breed abundantly on coastal islands,
mainland beaches, sandy aresas nesr highways, and
roaftops, frequently nesting nesr Elack Skimmer

cn_)lonies [Portnoy 19770, In Alabama, they are
wideapread nesters, though population levels are
not high., The first recorded neating in Alabama

was in 191! when 20 neats were found on Davphin
Island {Howell 1924). In 1924, nesting was
recorded on the east tip of Petit Bois Ialand. Ar
that time the eastern end of Petir Boia was in
Alabama {Jackson sad Jackson 1385}, Imhof (1942)
listed them as probable nesters on Dauphin Island,
near Cochrane Causeway, and at Cedar Point in
1958, 1In 1976, Fortnoy recorded 2350 nasting
adulta in four colonies on Dauphin lsland and 167
nesting adults on Cat Island in Missiseippi Sound.
When he re-rurveyed the mame areas in 1976 he
found oaly twe small colonies, aach of leas than
100 birds, on Dauphin and Little Bauphin Islands
(Portnoy 1978 ma,). Recent nesting we= noted in
coastal Baldwin County at Culf State Park and
along the Gull Intracozstal Waterwsy, 19B4—])9H6.
The nesting population on Gaillard Ialand appeara
to be slowly increcasing. Approximately LOOU
nesting sdults were racorded there in 1983 and 220
in 1984, In 1985, 20 nests were counted while ]G4
nests were recorded in L9686,

Black Skimmer

The distribution of Black Skimmer in Alabama
ciosely approximates that of the Least Tarn.
Elack Skimmers were first recorded as probably
nesting in &labame in 191! on the west end of
Dauphin Island. 1In 1913, they probably nested an
the east tip of Petit Bois Island, then a part of
Alabama, and on the west end of Dauphin taland
{Howell 1928}. 1In 1956, they were again probable
nesters on the weat end of Dauphin (lmhof 1962).
Porecnoy {1977, 1978) recorded 500 nesting adults
on the west end of Dauphin in 1976 but did not
[ind them there in 1378; however, he did find a
small colony of less than 100 neating adults on
Sand Tsland in 1978 (Portnoy 1978 ms.}. 1In 1979,
56 birds nested on Blakeley Island {John and Bev
Winn, pers, comm.) while 1000 pairs nested om 3and
Island {Jackson and Cooley 1979), Black Skimmers
have been cowmun nesters on Caillatd lsland since
at lesst 1%83 when 500 nesting birds were
recorded. Over the past three years, numbers on
the iwmland have been erratie, with 3150 birds
present in 1984, 450 nesta in 1985, and 1700 nests
in 1%86,

CONCLUSIONS

Colonial seabirds are %nown C[o have nested in
coastal Alabama since before the turn of the
century. GSome Il species have nested at 15 known
locations in Mobile and Baldwin Counties,
Systematic surveys of colonial segbirds in Alabama
are lacking and the historic record of colony
locations is incomplete. Taking these facts into
account, the true status and distriburion of
colonial seabirds is poorly known., It appears
that at least through the first half of this
century, the barrier islands of southern Fobile
County were the major centers of breeding seabird
distriburion in Alabama. The 1950's and 19487y
were a time of ornithoalogical inactivity im
coastal Alsbama and wve know little of seabird
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status and discribution., In 1976, Portnoy
aystematically surveyed the barrier imiands and
Misgisasippi Sound portion of Mobile County and
found severs! asabird coloniem atill there
(Portnoy 1977). However, when he reaurveyed the
same area in 1978, he found that mome of the
traditional colomy aites had been abandoned
(Portnoy 1978 ms.). Subsequent to this time, the
major center of breeding seabird discribution
appears To have shifted from the bartier izlande
te become morTe uniferm, with large concentrations
of nesting birde orcurring on Gaillard lsland in
Mobile Bay, Gaillard Isltsnd continues to be the
most important seabird neating area in coastal
Alabama.

The resson for the shift in nesting seabird
distribution from the barrier islandm to other
aress is unclear. About the time thab this shift
was occurring, (1950-1980), several human-related
developments were occurring, The barrier islands
were becoming accesnibie and there wan a general
trend of recrestional, residential, commercial,
and industrial develapment in &1l cosatal aress.
Kare und more people were moving to the comac.
During this period, the population in the 19
states bordering {within 100 miles) the Atlantic
and Gulf of Memico cosst incressed by 47 percent
(USDE 1983). Preeant projections indicate thar
about 50 percent of the U.5. population now lives
withio 50 miles of the ccssts or the Grear Lakes,
and that population growth in cosstal areas is
three times cthat of the national aversge (Friend
et al, 1981),

With the iccresse in human pepulation along the
coast, more people were walking the beaches,
boating the shoreline, and building homes. Thene
undoubtedly placed grest human-dimturbance
PresRure upon nescing seabirds, Pressures that,
in all probability, they could net endure. The
only thing left for them to de was sove somewhere
else, if that sowevhece elme were available.
During the esrly part of this period, colonial
veabirds nented where they could. Then in the
eariy part of this decade, & new habitar was
opened up te them.

Gaillard Imland wam constructed by the COE to
contain dredged material from the Theadore Ship
Channel, Seabirds initisted nesting there as
carly a9 1982, and nesting populations have
increaked dramatically in iftervening years.
Hovever, we should not forget that no wattef how
impartant the ares is to cotonial seabirds,
construction of the island caused many sacrificen,
Approximately two squarfe miles of productive,
shallov water bay bottomw were coverad up, thereby
forever withdrswing thar acresge from fish and
shellfish production, a resource that colonial
teabirds depend upon. Ultimately, we should
realize that Gaillard Island is & colonial gesbird
gem.  We should aleo realize that if we protect
our exidting tolonial seabird nesting areqs, we do
not need other dredged material disposal islands
in Mobile Bey or Miesjasippi Sound, for any
resson, seabird nesting or otherwise, The
ngcrifices may be toe grear.

MARAGEHENT RECOMMENDAT ICHS

1. Davelop and institute & comprehensive colonial
teabird survey and monitoring program.

Baseline data onm colonisl seabird status and

distribution in coasral Alabama is lacking.
Reliable baseline dats is needed i[ we are to
a33ess any futwure changes in seabird status and
distribution. A comprehensive survey and
manitoring program Lo develop that bgseline is
absolutely necessary.

2. Develop a protection plan for existing
colonial seabird resacurces.

Over the past two decades, almost 50 peccent of
the colonial aseabird colonies in coastal Alabama
have been abandoned. The reason for this is nat
clear but all indicarions are that human
disturbance was, ia patt, the reason., Aggressive
enforcement of existing statutes and poating of
colony aress ahould reduce impacts considerably.

3. Develop a public education program documenting
the values of colonial seabird resources,

We are going to conserve only those remources that
we understand. Public education to the values of
our natural resources is the first and most
important step in developing a public conservation
ethic., This program ahould involve the input of
local, state, and federal agencies, conservatien
arganizations, local media, and the local
citizenry and could be inteprated inte the Hongame
Wildlife Program of the Alabams Departmenl af
Conservation and Natural Resources, benefitting
both causes,

4, Promote colonial seabird use of tradit ional
colony aites that have been abandoned.

Enforcement of existing statutes should largely
eliminate human-related disturbance in areas, such
as the weat end of Dauphin Island, that no langer
Suppert nesting colonies, Once human disturbancs
has been eliminated, these areas should be
assesged a# to their potential ko suppart nasting
populations. If this asscesment reveals that the
habitat is no longer suitable for nesting,
measures should be initiated to improve the
habitac,

5. lnstitute an aggressive acquisition progrem
simed at protecting not only existing colonies but
aleo traditional colony sites that have been
ahandgned,

Many of the traditional and exisating seabird
colony sites are located in sensitive areas that
are subject to many development pressures, An
acquisition prograwm aiwmed at acquiring colony
zites would insure that these sensifive areas were
not developed and that the resources uiilizing
these atess remained in the public domain.

6. Develop a dredged materisl disposal program
for coaxtal Alabama.

Colonial sesbird use of dredged matevial dispesal
aregs is increasing. Unfortunately, neabird
nesting sad yse of these disposal areas for their
intended purpases can conflict. A mulbi-
agency/organization - devaloped manageoent program
simed at promoting seabird use during the nesting
season while at the same time allowing for
intended uses could eliminate seabird-dredged
paterial disposal conflicts.

7. Dewmignate Gaillard lsland & Colonial Seabird
Sanctuary.



The importance of Gaillard Island as a seabird
neating area i’ unquestioned. The sdministration
of the island at preseat is unclear and the
petential for many impacts is great, Designation
of the island as & Seabird Sanctuary would edd
$ome measure of protection and provide Ffor
continued colonial seabird use.

ACKNOWLEDGEMENTS

1 thank S;m Hamilton, Pete Douglas, Tom Thorakill,
Randy Roach, Larry Goldman, Sandy Tucker, Danny
Duon, Betty Keap, and Del Allen of the Daphne
Ecological Servicea Field office, Joe Meyera of
the Alabama Geme sgod Fish Division, and Ted Simons
of the National Park Service for sssistance with
chaervations of colonial smabirds in Alabama.
Paul Bradley and Joha Winn of the Corps of
Engineers provided information on Gaillard and
Blakeley Talands, Larry Goldman vead and made
helpful commenta an the manuscript.

LITERATURE CLTZD

Clapp, B.B.,, R.C. Banks, D. Morgan-Jacchs, and
W.A., Hoffman. 1982, Marine birda of the
Southeastern United Staces and Culf of Mexico,
Part I: Gaviiformer through Pelecaniformes.
U.5. Fish Wildl. Serv., Office Biol. Serv.,
Washington, D.C. FWS/0BS-82/01, 637 pp.

Clapp, R.P., D. Morgan-Jacobs, and R.C. Baoks.
1983, Marine bicde of the Southemsteru United
States and GCulf of Mexico. Part IIL:
Charsdriiformes. U.S, Fish Wildl. Serv., Div,
Bio, Serv,, Washingten, D.C. FHS/0B5-B3/30.
85} vop.

Cooley, C.D., M. Dawson, T,5. Simons, and E.H.
Douglas, 1987 ms,. First recorded nesting of
Herring Gull in Alabama. 5 pp.

Friend, Y.H., M. Lyon, N, Garrett, J.L. Botom, J.
Ferguson, and 6.C. Lloyd. 1981. Alabama

codstsl region ecplogical characterizatian,
¥ol, 3. A Sociceconenmic Study. U,§. Fish
Wildl., Serv., Office Biol, Serv., Washington,
D.C. FWS/0BS-Bl-4l., 367 pp.

Howell, AW, 1924, Birds of Alsbama, Dept. Game
and Fisheries of Alabama, Hontgomery. 184 Py,

Howell, A.H. 1%28. Birds of Alabama. 2nd

edition, Dept. Game ang Fisheries of Alabama,
Hontgomery, IB4 pp.

Imhof, T.A, 1962, Alabama birds. Univ, Ala,
Fress. University, Ala. 591 =1-

ImhoE, T.4A. 18976, Alabama birda. Ind edition.
Univ, Ala. Press. University, Ala., 445 Pp.

Jackson, J.A. mnd ¢,D. Cooley. 1%79. Central
Scuthern Region. Am. Birds 33:869-872.

Jackaon, J.A,. and B.J. Schardien Juckson. 1985,
Status, dispersion, and population changes of
the Lesst Tern in coastal Missiwgippi.
Colonial Waterbicds B:54-62.

Fortnoy, J.W. 1977, Nesting colonies of seabirds
and wading birds - coastal Lavisiana,
Hiseissippi, and Alabama. U.S. Fish Wildl,

Serv., Biol. Serv. Program. FWS/OBS-77/07.
126 pp.

Portnay, J.W. 197B. Black Skimmer abundance on
the Louisiana-Mississippi-Alabama coast.
Wilaon Bull. 90:438-441.

Portnoy, J.W. 1978 ma. Norch Guif of Mexico
coaatal waterbird colonies: changes in

breeding abundance and distribution from 1976
te 1978, 46 pp.

U.5.D.1. 1983. Final enviroomental statement,
Undeveloped coastal barrisrs. .S, Dept,
Interior, Washington, D.C.

63



“(2ATIJRUT —e 1BATIZT - @) WMROETY [EISEO0 UT 52TUOTOD RIATUERS 10 uolsLxisY] ' aamfcg

NI ITITE-TIS

T DNTHDVT WOITId Nsoad

64



T(AATIOEUT - & f2sTi0¢ - ) BURQULY TEISPOD UD SOTUGTOD DATOUEOS JO uoTsiadsta - juwx) p amdtg

ML TVACH




‘(3aT10vUT - ¢ laatiow -@) BEQETY TEISEOD UT SITUOTOD PITqeSS Jo uorsiadstg - {-3juod) p ammdry

HINNIES WOV




EVALUATION OF COLONLAL WESTING HABITATS; CAT 1SLAND,

LITTLE DAUPHIN 1SLAND, AND SURRQUNDING AREAS

John J. Dinde
Dauphin Je«land Ses lab
Dauphin Islacd, Alabama 36528

Fen R. Marion

University of Alabamm at Birminghem, Dept. of Biology

Birmingham, Alabama 35294

Dan C. Holliman

Birmingham Southern Univeraity, Dept. of Biclogy

Biradogham, Alabama 35204

ABSTRACT: Industrial and
migratory wading birds at a premium,
Hisglieeippl Sound,
the latgest

the influence of
nesting succeans for Tricolor Herons,

urban development i{n our ares has left suitable breeding habitate for
Within the complex eetuarine ecosyatem of Mobile
only a fev neating sites are utilixzed by celonial birds,
ansenblage of Tricolor Eerons (Hydranamea tricoler) in the State of Alabama. Two to
three thougand birdes of several species nest on this small 5.7 ha.
of young fladged in 1976 and observations of large numbers of dead post-fledglings in 1985
natural perturbations.

Bay and

Cat Ieland eupparts

island. A decline in the nushber
reflect

Early Spriog rains in 1976 resulted {n only a 18.1%

The totsl nesting population declined 1n 1986 {n response to

the losx of suitable nesting habitst as a result of the three hurricanes of 1985,

INTRODUCTION
Sultable breeding habitats for migratory weding
birde are becoming increasingly scarce due to

encroachment by 1ndustrial snd urban  development,
Although wading birds in the paat have ahown resilient
characteristics, they may not be able to overcome the
combined effects of habitar lose and reduction in
environeectal quality. Kuahland and White (1977)
demonetrated that Scuth Floerida wading bird populaticns
continued to decline (B9X since the 1930'8) due to
altered feeding habitats. Others twlisve that
pollutants play a major role in population declices.
Accordingly, the U.S. Fish and Wildlife Setvice i5
attempting to establish a nationwide deta base for all
cocantal colonial nesters (Portmoy, 1977}, Custer and
Osborn (1979} and Portooy (1977) both feel arrongly
that changes in nesting populations of colonisl wading
birde may be used as biotic indicators of the stahility
of coastal ecosystems. Memberg of the family Ardeidas
psrticulary have been found to be good indicators of
wvetland dieturbances {Ciard and Taylor, 1979; Custer et
al., 1383), Commonly, these birds occupy limited aress

in high densities, reaulting in resource partitioning
and interspecific competition (Mckrimmon, 1978}).
Finally, <colonial un=sters are of recent interest

because toxicologic research om such birds may be
applicable to human health both ar models for mechanics
apd  descriptive studies and indirectly as sonitors of
environmental quality (HLILll, 1984).

Qur knowledge of the population responses of these
negtera to influences of a8 density-dependent {e.g.
bloleoglcal or demographic) or denslty-independent
nature {e.g., major weather events) 1e limited. While
predation and Inclement weather usgually have the effect
of destroying vhole broode {Ricklefs, 1969) there {8
very little data on reproductive responses of these
species to drestlec fluctuations In weather az It
velates to egg hatching, nestling, survival, and
fledgling mortelity {Johnson, 1979; Jenni, 1972; Custer
et al 19583}. The synerglstic effects of both density~
dependent and density-independent pressures on
responaible “strategies” of colonial nesters needs Lo
be evaluated,

Alabama has a very limited coastline, within which
Mobile Bay, Migeisaippi Sound and adjacent areas
constitute a complex ecosystem that supports the
valuable ahelf fisheries of the Culf of Mexico. Car
Island, Marsh Island, lale Aux Herbe and Raccoon Ieland
are all within a half mile of each other within
Missimeippi Sound. 0f these, only Cat Island has high
engugh relief to pupport & colonial nestilng colony,
Little Dauphin Ieland, 8 ke north of Dauphin Island, 18
a new site of colontal nesting {(Dinde and Marion,l986).

CAT ISLAND

Cat Island 15 A 5.2 hectare tidal marsh {sland
located 11 kilometers north of Dauphin Island (Fig. 1).
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Figure 1. Location map showing study site in relatlon te Alabama coagtline.

Accummulation of oyater ahella around the {aland causes
an  increase in elevation within which the ahell ridgea

SUpport & dense growth of groundsel tree (Baccharis

halimifolia) and marah elder {lva frutescens} (Stout,
1985; Gaston and Johnson, 1977), Although these plants
oceupy 18X-20% (.93 ha - 1.04 ha) of Ethe ieland, they
provide the primary nesting sites and materials for the
twe te three thousand herons and egrets that nest
there. Cat Tsland hea heen reported to support the
lacgest ansrmblage af nesting Tricolor Karons
(Mydrenassa tricolor) in the state of Alabams (Dusl end
Dusi, 1968; Lusi et al, 1971; Csston and Johnaon,
1977). This mixed nesting colony is alec comprised of
Snowy IEgrete <{(Egretta thula), Littlse Elupe Herons
(florida cserula), Great Egreta (Casmercdius albus},
and Cattle Egrete {Bubuleus ibla). in additfon, Gaaten
and  Johmeoa (1977) reported neatings of the Creso-
baciked Heron (Butcrides virescens) and the Glossy Ibla
(Piegadis fatcinellus) an this ieland. Cat Iglsnd wae
the &ite of the only previous population study of a
coastal Alabama heconry (Gaston and Johnson, 1977).

Many other epecien of birds alao uti{lire Cat
Ialand, either as neating sites or staging areas.

Throughout the spring both Brown Pelicans (Pelecaus

occidentalin) and wWhite Pelicana Pelecanus
erythrochynchos c<swp be seen on the ahell hssh beach
areas or feeding in adjscent waters. Thelr numbers
fluctuate day to day with 30-70 Brown Felicaps and 20~
100 White Felicans are frequently eeen eariy in the
epring. Omly Erown Pelicans are present throughout the
sunmer and winter. Cat Island may become a potential
site for nesting of the Brown Felican as the population
within the Mobile Bay estuary contlinnes ta grow. Least
Terns {Sterna albifrons) and the American Uystercatcher
{Haenatopus pallistus, alsc establish nest sites on the
ghell thash aress of the island. Other shore bhirda can
be seen feeding in and around Cat Island and 1in the
fall, oumerouvs apecles of waterfowl utilize the inland
pond aress. Cat Island is not utilized by man eo
disturbance iam minfmal,

Population Dynanoics

Since 1984 we have conducted population studies of
the heronty on Cac Ialand. In December of 1984 two
semi-permanent blinds were built on Cat Island for
oboservation. The blinds stood nine feet off the ground
and were camouflaged to allow the obaerver freedom of
novement within the blind without detection by the
nesting birgds, This proved highly succesaful with
Tricolor Hetons and Snowy Egrets mstablishing negte as
close ap two feet from the blind. In Qctober of 1985,
both blinds were lost dee to Hurricanes Elena, Juan and
Kate. The primary blind was reestablished in December
1985, Five S0-meter transecta were cut through the
vegetation to allow for marking of nests and banding of
young. The colony was visited up to three days a week.
The f£requency of trips and time periods within the
colony were arlected to minimize the fmpact of human
disturbancea, Cluech aize, incubation times, percent
hatehing, and aeatling survivorship to fledgling mize
were analyzed for each marked nest. A modification of
the Mayfield (1961} snd Teal (1965) nesting succees
technigques was employed. A circular plet and strip
transect method was employed to eetimate population
denaities in peripheral vergus central areaa of the
colony {Reynolds, }980; Cenncr, 19807, Changes in
vegetation (X coverage, and canopy height) were also
evalvated.

In 1985, the population of negting wading birds
on Cat Ieland was eptimated to be approximately three
thoueand birda. ©Of specfal Ipportance was the
successful pnesting of the Reddish Egret (Dichromapases
rufesens}. Aceording to Imoff {1976), the only other
occurrence of this was a probable nesting observed in
1965, In 1986, rtwo pairs of Reddish Pgrets again
eastablished euccessful neste. The Gloesy Thia
{Plegadie falcinellus}, which had nested on Cat leland
in previous years (Garton and Johnson, 1977),did not
oeat in the 1984 and 1%B5 peasoms, but two pairs
established successful nests {n 1956.
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(me hundred seventy—one and 240 nests were marked
in 1985 and 1986, respectively. Eggs and hatchlings
wete followed through fledgling atages esch year.

Neat density was figured for ten 25 square wmeter
trangects randomly wselected throughout the colony
during ]966. Nest densicies rangsd from a high of 1.68

nestn/u“ to a low of 1.47 neste/an“ of nesting habltat,
Hany wuests were established in habitat that had not
been utilized 1o pawt years.

Tables 1 and 7 ehow the clutch size and the number
of birde fledged per epecles respectively. No
significant difference ¢an be seen between the 1985 and
1986 breeding seapon. Table 3 compares nestlng successa
between the Gaston and Johnaen (1977) etudy and the
current  atudy. Here again no edgnificant differences
can be seen between apecies nor between yeare although
the colony size Lteelf wae reduced to approximately
1500 nenaters.

TABLE 1. NUMBER EGGS LALID PER SPECIES {(Clutch Sire).

1985 1986
SPECIES N MEAN STD. DEV,. N MEAN STD. DEV.
Tricolor Heroun 78 i.o8 .55 109 3,02 0,62
Reddish Egret k| 2.00 ———— 2 2.00 ———
Snowy Egrec Ja 3.35 0.69 51 3.19 1.67
Little Biue EHeron 19 3.05 0.71 3 3.62 1.06
Cattle Egret 37 2.91 0.72 46 2.532 0.62
Glossy Iblse -— ———= ——— 2 3.00 -
TABLE 2, NUMBER BIRDS FLEDGED PER SPECIES/FER NEST,

1985 1986
SPECIES N MEAN STD, DEV. N MEAN STD. DEV.
Tricolor Hercon 7B 2,85 D.84 109 1.99 0,93
Reddieh Egret 1 .90 -——— 2 1.50 0,70
Spowy Egret 34 2.41 1.01 &1 1,77 1.04
Littie Blue Heron 19 2,00 1.15 9 2,33 0.70
Cattle Egret 37 1.67 1.27 46 1.78 1.13
Glossy Ibtw - —-——— -—— 2 2,00 ———
TABLE 3. NESTING BSUCCESS (X FLEDGED TO NO. EGGS).
SPECIES 1976 1977 198§ 1966

{GASTON & JOENSON) {CASTON & JOHNSON)

Tricoler Heroa 1.1 1.7 92.5 87 .8
Snowy Egret —-—— - 71.9 60.7
Little Blue -——— —_——— 65.5 12.7
Cattle Egrec 78.0 58.4 57.3 86.6
Reddieh Egret ——— -—— 33.3 33.3
Gloswy Ibim ———— ——— ——— 66.6
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LITTLE DAUPHIN ISLAND

Lictle Deuphin Ialand is located off the cosmt of
Alabsma within the Mobile Bay eptuarine system {Fig.
). It is a warine tidal marsh ieland (344.5 ha).
The easstero end of Little Dauphin Island supports a
amall stacd of loblolly and slaash pine {Pinue taeda
and Pious caribaea) The western end of the inland ip a
Juncus  dominated merah, with elevated oyster shell
mounds  containing growths of dwarf live cak {Quercue
virginiana}. Ad jacent te Litcle Daguphin Inland ig the
much smaller Peavy Island (1.4 ha), = mite previoualy
ueed by motor camperw, and other fer plcnics, fishing
and camping.

Little Deuphin Island was followed clopely during
1985 and 1986 for evidence of nesting activities, 1In
the opring snd suemer of 1986 the first recorded
successful nesting of the Great Blue Heton (Ardea
herodiza), the Great Egret (Casmeradius albas), and the
Green-Backed Heron (Butroldes striatus) on Little
Dauphin Island occured during the epring and summer of
1986,  Approximmtely one hundred Least Terns (Sterna
albifrons) and fifry-sixty black skipmers {Rynchopa
nigers) alsc nested on sand ridges on the northwestern
edge of the island. in addition the American oyeter
catcher {Hasmatopus palliatue) and many apecies of the
Charadridae and Scolopacidae fanilles utilized the
shallow waters around Little Dauphin Iasland for
feeding.

Little Daophin Island Island Is now being utilized
as A nesting aite primatvily am & result of Hurricane
Frederick in 1979. Prior to the hurricane, the highway
and bridge mystem {(Bwy. 163) that connected the main-
land o Dauphin Ialand was approximately 12 feet off
the warer (Fig. ). This old highway cffered eany
access to Peavy Island end Little Pauphin Island.
Hurricane Frederick destroyed the bridge, requiring
the bullding of a new elevated {7.62 B} caugeway, This
allews no  access to Little Dauphin Ialand and the
surrounding areas. Our obeervaticne puggest that the
recent lack of disturbances by man has provided new
nesting sites for coloulal water birds on Little
Dauphin Island.
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DISCUSSION

The vegetation on Cat Ipland was reduced in height
frem an  average of 1.96 meters to an average of 52
meters at npesting time as a rTepult of the three
Burricanes of 1385 (Juan, Elena, Kate) (Fig. 1). Thene
occcured late enough fin the yeat to cause no ohservable
lesa of fledglings or adulte. The lower colony aize
obaerved during 1986, however, 15 helleved to be &
reauler of reduced avallable nesting altes due to
decreaped vegetation height., In beth the 1985 and 1986
bresding seamons the Tricolor Hereme had better guccess
than that observed by Gaston and Johnsen in 1977. Qur
data fndicates that Ffor Snowy Egrete the percent
fledged was lower in 1986 than 1987 but not
significantly. Cattle Egrete percent fledged increased
by thirty percent in 1986 and is believed to be a
result of thefr lack of prafetence for apecific nesting
sites. No eilgnificant weather related event occured in
the wspring of either 1985 or 1986 repulting in
reagonably high neating success.

Since a higher percentage of nests werse bhuilt with
very little protectifve cover, there was constderable
predation. Plah crows were geen throughout the nesting
cycle and were observed bresking egge and carrying off
nestlings.

Gaston and Johneon iIn 1977 showed a nesting
enccesa for Tricolor Herons of 71,71 1in 1977, as
coepared toe only 1B.11 in 1976 (Table 3). They
attributed the low nesting success to adverse weather
conditions, resulting in high mortality of hatchlings.

The role that the inland tidal waters play a8 a
potential food source for adults apd fledglings may be
critical, Prior to the hurricanes of 1985, open water
areas on Cat Island had considerable tidal flow and
exchange with the waters of Mississippi Sound, which in
turn resulted in an sbundance of juvenile Figh, shrimp
and crabs inhabiting the inland waters of the island.
Following the hurricanes, the tidal ereek flow was
extensively altered, with a much lower volume exchange
occuring only during very high tidea. It ix believed
that fewer fish were able to enter this area because of

Figure 2. Location wmap showing new colonial nesting aftes on Little Dauphin Island.
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Figure 3. Cat Inland, Alabama, Map of igiand showing habitat types ia 1976 and following Hurricane Elenz f{n 1985,

this physical change. Our data {(Tables 2 and 3),
however show only birds followed until they left the
nest. The relatively high nesting success ghown does
not reflect our observations that large nunbers of
young post-fledged birds were found dead during 1986,
A poseible cause for chese deaths wmay have been
starvation as a regult of the altered tidal flows to
the 4inlesnd pond following the 1985 hurricanes. Thias
possibility will be inveatigated during 1987.

The dimportance of Cat island can be measured in
the utilization of this site as both nesting habitat
und food source for the mumerous other epecies of birds

foynd here, The adjacent ialaande (Racoon, Marsh, Isle
of Herbs) are used primarily as feeding aites. Thege
islands are tidally 1inundated and sustain vant
growtha of Juncua Toesger {anus. Na aigntficant

elevated aress exist on them. Thus, there is very
little growth of vegetation that would BUpport nesting
sites for colonial water birds.

The establisiment of a nesting site by colonial
water birde and other species of cclonial nesting sea
birds on Little Dauphin Igland indicates a potential
for {acreased usage of thies habitat for nesting. The
relative inaccessibility to the lsland by man and the
incorporation of Little Dauphin Ieland into the Bon
Secour Natiounal Wildlife Sanctuary will help safeguard
this new nesting area. Cat Island, however, {8 not
protected and lies within & very valuable gas lease
block. The mainland marshes ad{scent to Cat Island
have been extensively meiemic surveyed . The continued
monitoring and assessment of Cat Ialand is vital to
safeguard this site from future exploration or
development, We are beginnfog to understand how theas
colonial water birds recover from major dens{cy=
independent pressures, but how they resct to ponEible
contaninents and habitst lose due ta  industrial
encroachment is oot knowa.

There are few sites in Alabama coastal waters that
suppert wading bitd coloniee. Protection of these
habitats 1s cruclal to their continued productivity.
In gddition, with dredging of Mobile Bay becoming more
of a reality, a possible utilization of the dredge
spoil could be the establishment of additlonal amsall
epell islande in Moblle Bay or Mississippl Soupd. Such
islands could 1in time support additional nesting
habitats for rolonial nesters, Soote and Parnell
{19753) have mhown that the establistment of hahitate of
nesting wites for herons and egrets on spoll islands
takes approximately ten years.

The 1978 sywmposium on Mobile Bay management plan
called for a more refined and comprehensive survey
program to aaeess envirommentel impacte of habitat
alteration and contamination on wading bird populations
in the coastal zone. In addition, management of dredge
material dnto auitable nesting sites waa suggested.
Many of these goals were accomplished. Dr. Dan
Holliman completed a project in 1980 Funded by the
Coastal Area Board citled 4 STUDY DESIGHN TO DETERMINE
THE PRESENT LEVELS OF BIRDS AND MAMMALS IN THE GOASTAL
ZONE. Again thia_;tudy called for a sound management
and research plan due to the increased alteration and
degtruction of natural habitat along the Gulf Coast.
This CAB funded etudy developed a desipgn for sampling
methodology, locatlon, frequency, work schedule, and a
line item budget for these studies. This study has
shown that without a management plan fot the west end
of Dauphin Island there can be no productive ghore bird
breeding habitat where there ig unrontrolled human use
of the beach—dune complex.

In 1984 the [I.S. Fish and Wildlife Service funded
Dr. Holliman to do a population eurvey of specific
coartal birde under the Accelerated Regearch Program.
Thias study evaluated Gaillard Island, Sand Island, Isle
Aux Herbs, Marsh Island, and Cat lIaland.
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The 1979 summary included the very real problem of
pollutants. Peaticides wnd heavy metals in eggs and
young need to be evaluated if indeed calonial wading
birde are constdered to be indicetore of the quality of
the hebitat. Before further permitting is allowed the
Mobile BHay ecosystem needs Lo have an accumulative
Impact  study which would identify cthe types and
quantities of effluent bheing discharged Into the ayatem
from the wupper river syatem te the offshore atats
wELErE . If we continue to permft diacharges on a cage
by case Dbasis without the knowledge of the total
accubulative impact we may end up with a situation
aimilar to the Cheaspeake Bay, an eccsysatem that
collapeed,
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REPTILES AND AMPRIEIANS OF COASTAL ALABAMA

Steven D, Carey

Division of Natural Science

Mobile College
Hobile, Alabama 36613

ABSTRACT: Coastal Alabama supports a rich and diverse
herpetofauna and boasts several endemic and poorly known
forma. Thie paper lists species and subspecles of reptiles
and amphibians believed to utilize the Moblle estuary.
Hablieat preferences and status category assessments are

provided for each herptile.

Reasony for the decline in

numbers of many forms and recommendations for their recovery

are discussed.

INTRODUCTION

Coastal Alabama and the Mobile estuary
support 8 rick and diverse reptile and
amphlbian fauna that reflects the geo—
graphical location, subtropical climate,
and habitat complexity of t(he coastal
environment. This paper summarizes the
occurence, status, and habltat preferences
of coastal Alabama's herpetofauna and pro-
vides management recommendations for this
important rescurce.

Mount (1975} published locality data
and distyibution maps that Iindicated the
presence or probable occurence of 119
species and subspecien of reptiles and am—
phibiana within coasntal Alabama. Of these,
the Alabama red-bellied turtle, and the
scuthern black-knobbed sawback are endemic
to Alabama, Carey {1982, 1983, 1985) pub—
lished several leocality records for herp-
tiles previously unknown from coastal

Alabama including the one-tced amphiuma,

the greenhouse frog, and the Texas horned
llzard, Nelgon and Carey (1986} added the
Mediterrean gecke to coastal Alabama’s rep-
tile fauna, neting its occurence In the
cicies of Mobile and Fairhope, In total,
the concentration and diversity of coastal
Alabama's reptile and amphibian fauna is
unequallied by any other region of the state.

COASTAL HERPTILES

The occurence, status, and habitats of

coastal Alabama's herpetofauna are summarized

in Table 1. The inventory consists of {1} a
literature search, (2} a review of existing
collectiong, (3) persconal communications
with herpetologists familiar with Alabama
herpetofauna, (4) personal observations,

and (5) unpublished data.
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Alabama'e coaatal avea, as deffned by
Alabama law, la that reglon of the atate
extending peaward of the 10-foot contour
line to the outer limits of the terri-
torlal aea, Few herprtiles inhabit this
reglon excluaively; many occur in suitable
habitats threughout the Lower Coastal
Plain and the remainder of the state,
Othera utilize the coastal area on a tem—
porary or seasonal basi{sr. Some forws are
poorly represented in the coastal area due
to a4 acarcity of preferred habitats or
other limiting factors. This report in-
cludey reptilee and amphibians known to
cecur within the Alabama coastal area and,
in cases where locality data are lacking.
those whose known or assumed range would
place them within the coastal area.

Status categovies presented {n Table 1
are those currently used by the Unized
States Department of the Interior (USDI)
and the Alabama Department of Conmervationm
and Natural Resources {AL). The USDI
tategories (defined by the Endangered
Specles Act of 1973) and abbreviations are
Endangered (E) and Threstened (I). Alabama
deaignations, termed priority categories,
were established during Alabama‘'s ¥First
Nongame Wildlife Conference held July 15-16,
1933 (Mount 1986). The prierity categories
and thelr abbreviations are:

1. Endangered (E). Forms in danger
of extinction or extirpaticon in
all or a majority of thelr range
in Alabama within the foreaeeable
future.

2. Threatened (T). Forms likely to
become endangered In all or in a
wajority of thelr range in Alahama
within the foreseeable future.

J. Special Concern {SP}. Forms that

wust be continually monitored
because of Itminent cthreats to the
habitat, limited range in Alabama,
ot because of other physical or
biological factore that may cause
them to become threatened or
endangered within the forseeable
future,

4. Poorly Enown {5F). Forms for
which data on status, distribution,

and/or life history are insufficient
to permit categorization otherwise.

STATUS OF CDASTAL HERPTILES

0f the 123 apecies and subspecies of
reptiles and amphibians known ot arsumed to
occur within coastal Alabama, eix are listed
by the United States Department of the
Interlor as endangered or threatened and 28
are given priority category atatus by the
State of Alabama (Mount 19B&). Many other
cocaetal herptiles are experiencing a decline
in numbera.

Mount {19B4) noted that Coastal Plain
aspecles and populatlons are faring poorly
vhen compared to thelr upland counterparts,
and offered the following explanations for
this situatrion: (1) lenger term exposure to
imported fire ant predacion on eggs and/or
young, [(2) adverse impact of "rattlesnake
roundups,” (Ilmore widespread and frequent
ude of pesticides, (&) armadillc predation
on eggs and/or young, (5] destruction or
adverse modification of some particularly
aignificant Coastal Plain habitat types,
such as salt marsh, and (6) possible adverse
long-term effects of annual burning of
forestland during winter and spring.

Incidental catch and drowning in shrimp
nets and fishing trawls is an important cause
of ses turtle mertality (Hillestad, Richardsom,
and Williamson 1977, Ulrich 1978, Bjorndal
1981). An estimated 13,811 sea turtles are
captured annuelly Iin the Gulf of Mexico of
vhich 4,005 die (Henwood and Stuntz 1986).

Needless killing of coastal herpriles,
eapecinlly turtles and snakes, takes 1ts toll
a8 does the commerclal exploitation of these
animals fer food, the per rrade, and pocien—
tific research, Presently, the American
alligator, gopher tortoise, eastern indigo
enake, Atlantic lopgerhead, Atlantic green
turtle, Atlantic ridley, and Atlantic leather-
back are the only coastal herptiles protected
from collecting in Alabama.

RECOMMENDATIONS

1) A comprehensive status survey to docu—
went the existence, distriburion, habltat use,



and population densities of coastal herp-
tilea should be conductad. The resultant
bageline Iinformation would be used to
monitor population changes and assiet the
decislon—meking process of lawmakers, and
environmental planners and managers.

%) The ecological requirementa and
limiting factore of many coastal herptiles
are poorly known. Additional studies are
urgently needed to insure the survival of
Alabama's coastal herpetofauna. Funding
and cother forms of assistance should be
made available in support of such studies,

3) Exdsting legislation protecting
Alabama's coastal herpetofauna must be
rigidly enforced. State protection szhould
be extended to include all priority cate-
gory herptiles.

4) State lepfslation banming the
“gaaaing" of gopher tortoisme burrowa should
be enacted. Thie harmful practice, used to
flush out rattlesnakes, i{e deleterious to
the tortoiges and their burrow assoclates
(Speake and Mount 1973},

5) The use of turtle-exclusion devices
by commercial shrimping and fishing trawl-
ers should be changed from a voluntary to a
mandatory bamis.

) Intensive educarion efforte are
needed to inform the general public about
the status and importance of Alabama's
coaatal reptiles and amphibians.

7) Predater control may be necessary
to insure the aurvival of esome coasztal
herptiles.

8) The acquisition and maintenance of
hahitac critical to the survival of many
coastal herptiles should be continued.
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AMPRIBIAN, AVIAN, AND REPTILIAN POPULATIONS

Summary of Panel Dimcussion

The participants on the "Amphlbian, Avian, and Reptilian Populntions Tanel”
were:

Moderator: Steven D, Carey, Mobile College
Dwight C. Cooley, 1.5, Fish and Wildlife Serwvice
Jahn J, Pinda, Dauphin Island Sea Lab

INTRODUCTICON

The panel discussiog following the Amphibian, Avian, Reptilian
Populations Semsion identified three areas of concern: (l) adverse impacts
te coastal habitats and vertebratesa due to increasting human encroachment,
{2} the need for public awareneas of the value of coastal habitats, and {13)
the pauclty of basellne data concerning the ecological vequlrements of
coamtsl vertebrates.

ADYERSE IMPACTS

Rapid population growth was recognized as the greatest problem facing
the Meobile Estuary. With increasing humen pepulation comers  increasing
habitat intrusion and utilizatlion. The result is habitaL degradation and/or
habitat losw. Those cherged with managing Alabama's coastal resources are
encouraged to develop a management plan that incorporates Doth thabitat
preservation and generation, Gaillard Island was ciied as an example of
what cun be accomplished in the area of habitat generation.

PUBLIC AWARENESS

No management plan for the Mobile Estusry can be successful without
support and cocperation of the public. Current educational pregrams, that
stress the value of coastal wildlife and habitat should be continued.
Efforts to involve the public in the development and implementation of the
management planh should be intensified.

ECOLOGICAL REQUIREMENTS

The ecologitel requirements of many coastal vertebrates are poorly
known as are the long term impacts of natural snd thuman alteration of
habitat upon comstsl amphibian, avian, and reptiltian populations. Urgently
needed are baseline studies that can sid in the develepment of management
proposals for these populations.

Laboratary snalyals of coastal wading bird tissue has been proven to be
of ume 1in detecting heavy metal and pesticide contamination of the
environment. The use of cosstal wadiag birds as indicators of environmental
quality may be of value in monitoring the health of the Mobile Estuary.



BICLOGICAL MONITORING STRATEGILES

FOR MOBILE BAY: AN INTERGRATED APPROACH

Elden C. Blancher

Randy Austin

Charles Tucker

TAI Environmental Sciences, Inc.
1717 01¢ Shell Road

Mobile, Alabama 36604

ABSTRACT: Assessment of biological conditions within estuarine areas such as Mobile
Bay require an Integralive approach incorporating several ecological methodolegies.
Baseline information on all biclogical communities must be collected along with
corresponding hydrographic and chemical data. These are correlated with the ma jor
driving variables for the system such as tidal flux and river flow, Biological
methods to be assessed include collection of classic biological field data along

with  methods utilizing toxicity testing and bigaccumulation  studies. The
integration of these data require the development of a conceptual modet as a
framework for examining the relaticnships between state variables. Data will be

presented from seversl projects from Mobile Bay and vicinity illustrating several
assessment methodologies. A conceptual mndel integrating this information will he
introduced along with an inventory of data currently available for Mobile Bay,
Pagaible assessment strategies for future studies will also be presented.



A CONSIDERATION OF INDICATOR SPECIES
SAMPLING FREGQUENCY AND SAMPLE SIZE

FOR THE MANAGEMENT OF BENTHIC INVERTEBRATE
ASSEMBLAGES OF THE MOBILE BAY AND EAST

MISSISSIPPI SOUND SOFT BOTTOM SUBSTRATES

Thomas 5. Hopkins

Keaneth L. Heck

Marine Environmental Sciences Consortium
B.0. Hox 369

Dauphin Island, Alahama 36528

ABSTRACT: From early April 1980 through late April 1981 fourteen (14) cruises
collected thirty (30) replicate 9.1 m? Petersen Grab samples [along with  (a)
aliquots for TOC and grain size and (b) hydrographic data] at each of eight (8)
stationa which were distributed over the length of the Mobile Bay estuary {including
East Mississippi Sound and Bon Secour Bay). Organisms were {a) sieved onto a 0.5 mm
mesh screen, (b) sorted into major groups (Polychaetes, Molluscs, and Crustacea) and
{e) identified to LPIL and enumerated.

Twenty three {23} polychaetes, five (5} molluscs, and twe (2) crustaceans were
chogen oz candidates a5 "indicator species". Using stepwise muyltivariate
discriminant analysis, species sssemblages have been identified for [a] each station
over 14 months, {b] for high and low river flow conditions, and [c] warm, hot, cool
and cold seasonal temperature ranges.

Rendom sampling interrogation of all replicates from the 8 stations from Ffour
different cruises suggests that 10 replicates will cover the indicator species
adeguately,
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WETLANI CHANGES IN COQASTAL ALABAMA

E. R. Roach
U.5. Fish and Wildlife Service
Daphne, Alabama 36526

Hary C. Watzin, James D. Scurry and Jemes B, Johnaton
U.S5. Fieh and Wildlife Service, Hational Webtiand Research Center
$1lidell, Louisiana 70458

ABSTRACT: A cowparisen of wetland habitat changea cccurring between
1955 and 1979 was undertaken on & 1609 square mile area in coastal
Alabawa. Freah marshea and estuarine marshes declined by
sppronimstely 69% and 291, respectively. Losses of nonfresh sarsh
considering juet HMobile Bay iteelf were 35X, These losses are
considerably higher than previouasly teported nationally or in the
sogutheastern region of the United Staten. Major csuses of nonfresh
marsh loeses were industrial development - mavigation (242},
residential-commercial development (20%), natural succession (30%),
and erosion-subaidence (17X}, Loss of fresh marsh was attributable
primarily to coumercial-residential development (61%) and
silvicultural development {27%) in the upper Mobile Bay portion of che

study area.

INTRODUCT I0M

The presaure to convert wetlands ta other )end
uBes ik acute aetionally ms well as in the coastal
tone of Alabama. In the continents] United
States, vetlend lowwes in the 10-year period after
1955 totaled 9 million scres -- &n acrea raughly 3
tioea the mize of Connecticut. The avarage rate
of loss during this period was 458,000 acres per
yeac: 440,000 scres of palustrine wetland losses
snd 18,000 acrew of evtuarine vetland loeses
(Tiaer, 1984),

Wetland change in coastal Alabama has nat been
studied in any comprehensive way, Estuarine marsh
losaes resulting directly from human activities
were examined by Stout (1979) in portions of
Mebile Bay, but other wetland types were not
studird, Shoreline changes have been documented
{(Hardin et al., 1976} far coastal Alabams,
however, marsh losses were not correlated to these
changes. Wetland changes attributable to other
cBuBea such as natural succension, erosion, andfor
subsidence have not been characterized. This
report discusses the changes that occurred in all
wetland types im coastal Alabama during an
approximstely 25-year period from 1955 to 1979,

METHODS

Wetland Mapping

Through the cooperative effocts of the Geological
Survey of Alabama (GSA), Fish and Wildlife Service
{Service), the Minerals Management Service (MMS),
and U.S. Army Corps of Engineers, coastml wetlands
in Alabama were mapped. GSA delineated habitat
types by stereoscopic interpretation of 1:20,000
blark and white serial photographs taken between
January and July 1955, The Service performed the

same task uming L:60,000 ¢olor infrared
photographe, taken in Movember 1379, After
photointerpretation, data from esch time period
vere transferred to 27 74 minote (1:24,000) 1.5,
Geological Survey {USGS) topographic wtable base
mapy (Figure 1},

The habitat maps were then digitized inte the
geagraphic information system at the Hational
Wetlande Research Center (formerly the Natignel
Cowstal Ecoanyatems Team), A color map for each
time pericd was then generated from the
computerized data for four regiona within the
study area: wupper Mobile Bay, southwestern Mobile
Bay, southeastern Mobile Bay, and southeastern
coaatsl Alabama (Perdido Bay, Wolf Bay, Gulf
Shores}., These color maps were compamites of 73
minute USG5 topographic maps that were produced at
a scale of 1:75,000.

The wetland habitat types included on the original
27 quadrangle maps were taken from a hierarchial
webtland classificarion syatem outlined by Cowardin
et al. (1979}, Using this classification system,
wetlands are initially claesified into one of five
ystema--mariae, estuarine, riverine, lacumkrine,
or palustrine, Within s system, each habitar is
further classified into 8 subsystem and s class.
Several dominant upland land-use types described
by Anderson et al, (1976) were also delineated on
all the maps., These represent Anderson's Leve! 1
categories, with the addition of an oil and gas
modifier te the upland developed category.

Most of the werland habitat rypes included on the
color composite maps are more general than those
on the griginal quadrangle maps, They are general
categories of wetlands that include several
distinet elassifications in Cowardin et al.
{1979}, Fresh marsh, for example, includes
emergent vegetation in the riverine, lacustrine,
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Figure 1, The 27 quadrangle maps comprising the study area.

Subsections of the study area are highlighted.

and palustrine systems; nonfrash marsh i emergent
Yegetation in the estuarine system. The frash
waLer habitatl includes natural and humsn-asde open

water areas, including lakes, ponds, sewsge

lagoons, industriaml disposal ponds, and apail
dispossl arews in the lacustrine, and palustrine
tystems. The nonfresh water habitat includes

natural and human-wede open weter sreas in the
esruarine system. Diked and impounded wpoil
disposal areas were classified aw freeh marshes,
mud-sand Flace, and scrub-shrub wetlands., The
estuarine-riverine boundary wae delineated by the
Service on the 1979 maps, on the bssis of rhree
criteris: tidsl influeace, ealinity, and percent
thrub cover. The sewme boundaries were uwed on the

1955 maps to provide conmistency in the tabulstion
of habitat data.

Submerged squatic vegetation (SAV) was not easily
distinguished on either the 1955 or 1973
photographe, therefore, the distribution of theae
areas is incomplete on the habitat maps. Although
SAV wan present in the atudy area in 1955, its
aresl extent could met be precisely mapped and,
therefore, no compariscos of distribution between
1%55 and 1979 were made,

Calculstions of Wetland Change

Two different calecalation methode were uned for

upper Mobilae Bay and the rest of the study area.
For upper Mobile Bay, & more detailed snalysis was
undertaken., For each cf the six individoal
quadrangles, the 1955 and 1979 stable base mylar

mapas were compared by overlaying the two mapa and
color coding all the werland changes by hand.
After the areas of change were determined,

color-infrared pholography, soil survey data, and
growund-tructhing were uaed to accurately determine
the caume of the change. The screage involved in
the change waas determined uning a standardized
English Aresa Grid {where 1 dot equals L.435
scres). Becauwse of scale limitations, smat)
changes (< ! acre) could not be detected.

For the remainder of the study ares, anly
estuarine marsh lowses and the csuses for their
decline were determined, This way done Yy
overlaying the 1955 and 197% color composite maps.
Acreage determinations vere calculated using a
standardized dot grid (1 dov equals 2.48 acres).
Changes were clasuified
(described below):
succession,

inte 10 categories
erosion-subsidance, natural
commercial-residential development,
industrialvnavigation developrenr, recreational
development, oil and gas development, agricultural
development, highway conatruction, drainage for
silvicultursl development, and photointerpratation
errors.

93
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Categories of Wetland Change

Erogion-subaidence. Erosion and/or subsidence
is 2 cause of lommes in estuarine marsh, We did
naolt attempt to determine whether estusrine marshen
are failing te be nourished and tonaequently
subsiding, or whether substantial erssion is
atcurring. However, it is spparent thet the
shoreline ia retreating, patticularly in the
interior bays of the Mobile-Tenssw Delta.

Hatural succession. This terwm is used to
describe the invasion of woody plants inte an
emergent herbacecus wetland {either estuarine or
fresh) and the change in successional Etages in
wvooded wetlandw {palustrine forested and
scryb-shrub),

Commercial-residential development. We found it
was inefficient (time consuming and costly) to
distinguisah between these types of development.
Many businesses (commercial developments) operate
out of residences and are difficult to distinguish
from residential property unless a site inspection
is made for each area in question. Commercial
development could geoerally be distinguished from
hesvy industry, however, and it included shopping
malls, marinas, emall warehouses, and small
businesses.

Industrial-navigation development, These two
causes were placed together because it wag often
difficult to determine if the filiad area was
created merely to dispone of dredged material or
if it was purpomely created for indumtrial
development. Included in this cstepory were
dredged material disposal areaa, gluminum ore
processing waste disposal areaa, the State Docks,
and paper processing waste disposal areas.

Recreational development. This category
includen areas primarily devoted to campiog,
picnicking, and boat launching. MHeaher State Park
and Gulf Shores State Park were incloded in Chis
category,

Oil and pas development. Thia type of
development was fairly limited in the study srea;
it inciuded oil and ges pipelines, Wey hole slips
for drilling site acceess, and cil storage areas
{tenk farms}.

Agricultural development. Thia category dealp
primarily with the clearing of foreated wetland
for crop producrion and plant nurseries,

Highway construction. Wetland loases related to
this cause were the result of meveral activities
such ags disposal af dredged material from work
channels, dredging work channels, filting to
congtruct the roed, and channelization to provide
road drainage.

Stlvicultural develapment, This development
renulted privarily from providing improved
drainage in fresh marshes in order to improve
growth of pipe trees,

FPhotointerpretation errcora. By analyzing aoil
Survey data, comparing aerial photography from
both years, and maling site inspections, we
evaluated the correctness of the photo-~
interpretation. In some cases apparent wetland
changes were gimply the result of interpretation
errors in the 1955 maps,

RESULTS

General Wetland Changes

At a very general level, habitat changes over the
entire 1,560 square mile study area were examined.
LE the wetlend acreages toraled from the 1955
maps are compared to those totaled from the 1970
mapa, same peneral patterns of geins and losses
are apparent {(Table 1l). However, care muat be
taken in interpreting these numbers; they can be
misleading il not placed in proper context gnd if
Lthe causea fur the changes are nat recognized,

Of the werland types found in the atudy area,
nonfresh marsh showed the greatest loss (in
acreage) followed by nonfresh open water (Table
I}, Fresh marsh also showed & subatantial loss ia
acreage. In the case of Fresh marshes actual
losses were considerably underestimated primarily
due to mapping errors originating from
misinterpreting the 1955 black and white photos,
On the other hand nonfresh water losses wers
pverestimated, dua ggain to the inability to map
accuraktely mud and sand flats and submerged
dguatic vegetation using the 1955 black and white
photegraphy. If the sum of nonfresh vater, mud
and sand flats, and submerged aquatic vegetalion
for 1955 and 1979 are combined, a net gain of
1,509 acres is appacrent (Figure 2). This is a
more accurate reflection of what is happening in
estuarine open water aread.

Some very substantial gains were shown in the
entire scudy area for forested wetlands and
scrub-shrub wetlands. These gains again were due
largely to mapping errors (misinterpreration of
1355 phetugraphs). We base this observation on
the s0il survey For Mobile (Hickman and Owens,
i980) and Baldwin (McBride and Burgess, 1964}
countiea and ground-truthing., Wetland soil types
were apparently nob given encugh weight in
delineation of wetland habitats an the 1955
photographs. Conasequently, many pitcher plant
bogs that should have been classified as emergent
Ereshwater werlands werse mapped as upland ranga
(pasture and grassland).

Upland habitat changes were not analyzed in detail
fFor underlying causes. However, developed and
agricultural areas in the uplands increased
subsdcantially between 1955 and 1979 (Figure 3).
Approximately 50% of the upland development
occurred in upper Mobile Bay which encompasses
only 23% of the study area,

Upland agriculture iacreased by Approximately 22%
within the overall study area. This increase
probably resulted from the conversion of pasture
to cropland, Range decressed dramatically,
partially due to the photointerpretation errors
mentioned previously, but also due to the
cenveraion of these areas to cropland and
commercial, residential and iodustrial
developmants,

The remaining portion of the results is organized
in sections corresponding to the four sections of
the study area (Figure 1): wupper Mobile Bay,
southeastern Mobile Bay, southwastern Mobile Bay,
and southeastera coastel Alabama.

Upper Mobile Bay

The habitat changes occurring in upper Mobile Bay
from 1955 to 1979 are presented in Table 2. After



Table 1.

Habitat and Land Use Changes Occurring in Coastal Alabama

{all 27 Quadcanglen} from 19%5 te 1974

1955 1979 Accaage

Habitat Type Acreage Acreage Change T (hange
Honfresh Water 505,010 395,438 < 9,577 -
Bbeaches and Bacw 919 1,257 3 318 « 3713
Honfresh Marah 41,309 9,282 ~12,027 - 191
Mud andfor Sand Flate 90} &, 819 + 5,918 +h%5Y
Freash Marsh 9,115 2,847 - &, 268 - &9%
Forested Wetlands 17,487 104,526 +27,10% + 151
Scrub-Shrub Wetlande 13,679 19,8319 + b 160 + 45%
Freah wWater 3,185 6,109 ¢ 2 924 + 92X
Floating and Subtmerged

Aquatic Vegeratian 126 5,191 HA .1
Upltsnd Agriculture T8 692 ¥5,658 +16, 966 v 227
Upland Barren 5,576 3,715 - 1,841 -
Upland Forest 1,867 41,008 - 1,859 -
t'pland Range 80,9561 4,511 -7h, 44l ~ G4
Upland Developed 19,179 72,5712 +52 791 +lagt

TOTAL 1,029,658 1,029,014

FIGURE 2. NET CHANGES IN WETLAND HABITATS 1055— 1079
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waalytiog these chaoges, it became apparent that
soae of them vwere real and others were the result
of incorrect interpretation of the 195% black snd
white photograpbhy and differences in tidal
slevations vhen the 1955 and 1979 photographs were
taken. In the firet case the conversion of fresh
marshes {i,a. pitcher plant bogs) to mcrub-shrub
and focested watlunds was vastly underestimated
due to a general Jack of interpretation of pitcher
plant boge on the 1955 photos. Most of the
pitcher plant bogse existing in 1955 were
claswified s% upland raenge. This error was first

HABITAT TYPE

recognized when large areas on the habiLat maps
appearted Lo have become werfer since 1955. After
a review of the 1955 photography and the soils
data for the areas in guestion, we determined that
a large percentage of the land c¢lagsaified as
upland range should have been classified as fresh
mdreh. The losses associated with Eresh marsh
were, therefore, underestimated,

Ancther mapping error compounds our interpretation
of the changes in forested wetland. Many aress on
the 1355 maps were also incorractly classifiad as



FIGURE 3. NET CHANGES IN UPLAND HAPBITAT 1955-1879
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Table 2. Habitat and Land Use Changes in Uppar Mobile Bay
whowing acresge and percent change by habitat type,

1955 1979 Acreage

Habkitat Type Acteage Acreage Change % Ghange
Nonfresh Water 89,939 85,085 -4, 854 - 5%
Baaches and Barw 61 7 - 54 - 89X
Nonfresh Marsh 19,016 12,336 ~6,680 - 35%
Hud snd/or Sand Flate 626 2,308 +1,682 +2692
Fresh Marsh 1,195 808 - SB7 - 49X
Forested Wetlanda 45,069 64,522 - 547 - 1X
Serub-Shrub Wetlands 2,336 4,482 +2, 146 + 92X
Freah Water 1,347 4,340 +1,993 + 851
Fleating and Submerged

Aqualbic Vegetation 19 4,358 HA HA
Upland Agriculture 10,603 4,396 -6,207 - 59X
Upland Rarren 513 913 +  &00 + 781
Upland Forest 33,1358 35,125 +1,767 + 5%
Upland Range 14,159 543 -13,716 - 983
Upland Developed 25,570 47,884 +21,3114 + 80T

TOTAL 245,931 245,907

variety of misinterpretarions, such as including
fresh marsh in 1955 forested wetland delineations
and delineating some uplands as forested weblands.

upland range when they ware in fact forested
wetland, This created a gain in foreated
wetlands. However, real and significent losscs in
forested vetland alsc occurced from 1955 to 1679
due to commercial and industrial development and
spoil disponal, These real losses led to the
overall net loss of forested wetland in Table 2,
but this relatively small net loss would have been
much larger if the gains introduced by
interpretation errar had not offset mome of the

Scrub-ahrub wetlands showed a substaantial gain,
i.e., this habitat alimest doubled in extent (2,146
acres). A relatively large percentage of this
garin (192), however, was due to misclassifying
scrub-ahrub wetland a9 upland range in 1955, True
géine in mcrub-shrub wetlande were primarily a
result of patural succession {(46X%) and

loss. industrial-navigation development (27X} (Figure
5). Moet of the natural succession gains occurred
The ceooversion af forested wetlands ta in the Mobile-Tensaw Delta in sreas that were
copmercisl-vresidential development and classified as brackish marsh., Moast of the gains
industrial-navigation development accounted for in scrub-shrub werlards assceiated with the
68% of the reported losaes (Figure 4}. Mosk of industrial navigation cauae were the reault of
these lozses (B1Z) accurred in the HMebile and diked disposal areae becoming vegetated shrub
Chickasavw guadrangles which cover 33X of the sres wvetland largely abt the expenae of nonfreah
in the upper Mobile Bay section. Several cities macshes.
including Mobile, Prichard, Saraland, and
Chickasaw pocur in these quadrangles. The mapping Although our results show a net gain of

error teported in Figure & i3 the result of a serub-shrub wetlands, losses alea occurred.



Eighty-ain percant of theen losees were due to
residentisl-commarcial developments, natursl
succantsion to forested wotland (AX) gnd
industrisel-navigation developuent {61l) accounted
for the remaining losses.

FICURE &. CAUSES OF FORESTED WETLAND LOSSFES IN UFPER MOBILE BAY

COMMM RCIAL - RTSIOENT LA
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ROADS 3%
RECREATION 3%
ERDSON 1%

(L & S 5R

INDULISTRIAL ~ MAVIGATION
RICURE 5. CAUSES OF SCRUB-SHHUB CAINS IN UPPER MOBILE Ray

HATLRAL SUCCESSION

LWL TURE 2%
Roalrs 4%

MIDLSTRIAL — NAVIGATION

WAPPG ERROR

The study analysis ehowed mud andfcor sand Flete in
upper Mobile Bay incressing by 2697,
Approximately one-fourth {423 wcren) of this
increuse wasa mud flats that formed in diked
disposal sreas created afrer 1955. However, the
cest of the increase resulted From differences in
tida! elevation &t the tiwes the aerial
photographs were taken #nd the difficulty in
interprering this habitat on the 1955 black and
white photographs. It proubshly does not repressnt
real gming.

The causer [or the loas of freah marsh wvere
primarily residential-commercial develapment and
converaion to Eoremt fallowing drainage, here
termed silvicultural development (Figure &). MHad
more fresh wareh been typed correctly on the 1955
maps {i.e., upland range clasnified as pitcher
plant bog or fresh marsh), silvicultural
development probably would have been more
importaat as & cauee of loms, We noted
substantial drainege in forested sections of the
study areas.

FCURE 8. CaUSES OF FRESH MARSH LOSSES IN UPPER MOBILY BAY

COMMERCIAL — RESIDENTIAL

RECREATION 11X
AGRICLLTIRE 3%

POADS 4%

SILVICULTURE

MNATURAL SICCTRSHIN

NOUSTRW —RAMGATION 4%

Bonfreah macrsehes sustained thr grestest loas of
Aoy wvetland typr in the upper Mobile Bay portion
of the wtudy area: b 680 acres. Approximately
BBX of the loswes (Figure 7] can be attributed to
one of three caunmp——industrial-navigation
devalopment, ervsicn-aubsidence, or natural
succession. Surprimingly, commercial-residential
development accounted for only 73 ol the losses.

Upper Mobile Bay was the first section of the
wludy ares to be anglyred for csuses of change.
Becasumse we dincovered 2o many large intecpretat ion
errors in all wetland types except nonfresh aarah,
cnly nonfresh marah was analyzed in the other
subsections,

FICURE 7. CAUSES OF NOHNFRESH MARSHA LOSSES IN UPPER WOBILE PaY

INOUS TRIAL - HAVCATEON

MWAPEIND, §f ROTH T
RETHIATON %
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FROFSHN - 5 LR f E

Southeaptern Mobile Bay

Scuthesstern Hobile Bay nonfresh marsh losses were
anelyted in =2ix quadrangles (Table 3)., The
Magnelis Springs, Bon Secour Bay, and 5t. Andrews
Bay quadranglea arcounted for the majucity of the
marsh losses. This wection of the study areas
accaounted for 85 of the lasses for nonfresh marsh
while occupying only 218 of the southeantern hay
aren.

The mejor csune of marah less in this section of
the study sres wod oetural succeanion (Figure H).
Cosmercial-renitdential development,
erosion-subgidence, and mapping evrors accounted
for wast of the rest of the changew.

Southwesiern Mobile Bay

Tert quadrangles in southuestern Mobile Bay were
analyted for nanfresh marsh loeses (Table 4},
Five of the ten quadrangles in this partian of the
study area accounted for 911 of the losses; here
theae were Little Dauphin Island, Heron Bay, Grand
Bay, Coden, and Belle Fountaine.

The mejor csuse for warsh loss in this section of
the study area was resirdentisl-commercial
development {Figure %), followed by natural
succession and erosion-suhsidence. These three
caunes for marsh losses together gecounted for 923%
of the warah loases in the southwestern bay,

Southegntern Coastal Alabama

Nonfreseh mersh losses were analyzed in {ive
quadrangles (Table 5} in aoutheastern coastal
Alabams. The Gull Shores quadrangle accounted for
most (412} of the losses in this poartion of the
atudy area.

The wmajer causes for the macrsh losses irn this
section were reesidential-commercial development
and natural succession. These two causes
accounted for 71T of the losaes {Figure 107,
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Table 3. Nonfresh Marsh Losses (in acras) by Quadrangle for Southeastern Mobile Bay.

Bom Little Saine
Point Magnolia Secour Pine Point Andrews
Clear Springs Bay Beach Clear Bay Total
Res. /Comm, Dev, 14 111 14 9 0 18 162
Eraosion/Sub o 6 42 8 [+] .73 120
Natural Suc. a 215 92 37 63 111 520
Wapping Ercor 1] 0 n 9 0 44 144
Spoil i} 0 11 Qa 0 Q 11
Total 10 332 250 63 63 39 957
FIGURE 8. CAUSES OF NONFRESH MARSH LOSSES IN SOUTHEASTERN FIGURE P. CAUSES OF MONFRESH MARSH LOSSES IN SOUTHWESTERN
MOBILE BAY MOBILE DAY

RATURAL SUCCESSHIM RESHDENTIAL - COMMERTIAL

PNCUSTRIAL - NAVCATION 1% NDUSTRIAL - NAVIGATION 1%

ROADS 35X
MAPPING ERROR 4%

HATURAL SUCCESSION

EROSION ~ SUBSIDENCE
COWMMERCIM - RESIDENTIAL

MAPTG ERROR EROSION ~-SUSSIDENCE

Table 4, Nanfresh Harsh Losses (in acres) by Quadrangle for Southwestern Hobile Bay.

Litcle Petit Fort

Dauphin Boie Fortw Heron Lule aux Grand Belle Morgan

1nland Laland Morgan Bay Herbes Bay Coden Fountain Kreole W Total
Res./Comm. Dev. 206 0 ] 198 0 85 154 205 0 0 848
ErosionfSub. 125 0 o 136 a7 70 a 3 ] B5 512
Road 18 ] 0 37 0 V] Q Q a 0 55
Natural Suc. 18 il O 23 0 21 130 7 a ] 579
Other 4] 0 4] 0 o a 1) 0 0 0 0
Mapping Ercor o 0 0 5 0 0 b6 0 0 0 91
Spoil 0 o 0 o ] 31 i] o 1] M i

Total 367 0 a 619 87 37 350 F1%) 5 85 1,116

*Fort Morgan hed only gains

Table 5. Honfreeh Marsh Losses (in acren) by Quadrangle
for Southeastern Coantal Alabama

Gulf

ferdido Orange Gulf Shores
Lillign  Bay Besch Shores {South) Total
Rea./Comm. Dev, 27 14 303 1] 186 918
Erasion/Sub. 5 [ 7 29 [ 41
Hgtural Suc. 422 53 193 175 V] 753
Mapping Error 0 1 172 78 1] 251
Spail o 1} 21 9 0 50
Recreational Dev, 1] 1] 11 97 15 113
Roads 0 M) o 17% 0 17%
Unidentified [H Q 62 1] a 62
Total 654 68 &89 911 201 2,383



FICURE 0. CAUSEY OF NONFRESH MARSH LOSSES IN
SOUTHEASTERN COASTAL ALARAMA

FE SIDL NTIAL - COMW BT

UNMENTIFED 3%

HATURSL SUCCTSHOM
RECFEATCN 6%

ROADE ¥
WAPFING ERATIR

DISCUSSTION

Analysin of the undeclying causen af wepland
changes in cosntal Alshama has clearly doefined the
neead to develop land-use plane gensitive to
wetland rescurcen. The findings of this arudy
indicate substantial wetland lomwmes have been
sustained in cosstal Alabama. Efforte to maintain
ar increMes curTent Acresge ®may require some
innovative spproschen on the part of developers ax
well as regulators.

The cumulative loss of about 29Y of coastal
Alabsma's nonfresh-marshes and & loes of at lesast
697 {Table ) of the fresh marshes is indeed
significsnt. [n Mobile Bay slone losnes of
nonfresh macsh were 35X, MNational trends over the
tame mid-50"'s to eid-70's time period indicete a
loss of 83X of nonfresh and 5% of fresh marshes
(Frayer et al. 1983). A regiona!l etudy of
foutheastern Atlantic and Gulf cosstal states had
resuwlts wimilar to Frayer et ab.; net lossenm of
nenfresh wmarshes were 81 gnd losses of fresh
aarahas wore I8% (Helner at al. 1983},

Most studies have velated the cavwes of nonfresh
merah losdes to some form of human activity., 1In
our study, 4BY of mareh loeses could be attributed
to humen activity snd 471 to “natural” procemses
Wuch a8 etromion-subsidence and natural succession
(Figure 11), slthough erowion~subsidence is
prabably exacerbated by human activivies, The
implications of this are important when one
realiees chat nrot all nonfresh matoh lonses are
directly uader the control of federal or xtate
agencies visa permitting muthorities, Extending
these trends into the future, unregulated causea
of mareh loss could result in the lose of ali
sonfresh warshes in cossta]l Alabams within ths
aext 115 years.

FICURE 11, CASUSES OF MONFRESH MARYH LOSSES 1N
COASTAL ALABAMA

HAT SUCTESSION (638 oc.}

NOUS - MAY {1898 ge.)

ROMS (230 0o} 1%
WAP [RROA (488 uc.)

RES—0OM (23%% ac.)
ERUSKN-SUE (2076 ac)

The term erovion—subsidence as used in this study
is wctually a complex of cauwes stesming from
reduced sediment input {rom upstress spurces, a

vimw in sra level, hurricanre and storm damages,
saltwater intrusion, damage by nutcia {Myocastor
toypas} and muskrst (Ondstra sibethicus),
ail wnd gas exploration, and marah fires. Some of
thede caumen arce 30 closely intervelsted that ir
im diflicult te detremine the smount of dacage
caused by each, Yet this one lumped category
accounted for LT and approximately 2,076 scres of
Fotuarine marah joes. Seventy-weven percent of
theae Llosses (wpprovimately | 600 acres) accurred
in the Mobile-Tenaaw Delta.

Hyan {(196%) and Hardin et al. (1976) agree oo a
sedimentation rate of 1.2 m (3.9 Ft) pec }10 yrars
in the delta. Hardin et al. reported the rate aof
filliog sppears to be decteasing in the upper bay
and increseing in the lower bay. They cite a rate
of filling in the upper bay of 0,58 wm {1.9 fr)/100
yro. betveen 1B52 and 1920, and determined thia
rate decrexsed te 0.30 {1 fe}/100 yra. betwaen
1920 and 1971, Tanner et al. (1969) identifierd
four human activities Chat have altered the
naturasl sedimentation rate in HMobile Bay. These
include (1) change in sediment input into the bhay
because of water coneervation and agricultural
practices; (2} modification of circulation in the
bay because of the construction of causeways,
residential landfills, and appil banks adjscent to
navigation channels; {3) resuspension of sediment
by dredging navigation channels and eynter shells,
and (4} incroduction of wolid vastes from
municipal and industriwl plants. OFf these four,
changes in sediment input inte Mobile Bay 1w
probably having and will continue to have the most
profound effect on sedimentation.

Seveval historical events have played an important
role in reduciog sedimentation rates. In (he
LBOD"'s large tracts of forest werr cleared f[or
agvicultural purposes. In this century there has
been & trend toward lesn extensive farming, and
more land acreage in reverting to foresta and
PARLUT#, Although there are inaufficient data t»
prove & reduction in asdimectation rates, it is
probablie such a reduction has taken place. Dam
conatructian on sli the mejor rivers throughout
the Mobile basin has caused & reduction in the
amount of river-barne sediment. AL present there
are 10 dawms on these rivers, The Corps of
Engineers i3 also in the process of changing
dredging disposal from within bank areas ta
floadplain areas, thus further reducing sediment
entering Mobile Bay.

Sea-level rise has been implicated recently as a
cause af wetland loawes {Kana et al., 1985 and
Pendleton and Stevens, J983). Titus et al. {1384}
have predicted that 50T of the nation's coastal
wetbtlands could drown during the comlag cenfury.
They divide the effects of sea-level rise on
coastal wetlands into three caregoriss: induced
tidal Fflooding, wave-induced erosionm, and
saltwater vntrusion. If sedisent inpur to the
marsh does not keep pace with sea level rise, the
lowest marsh drowns and wmarsh aoil erodes,
partiona of high marsh become low mersh, and
upland areas becowe low merah. Whether gediment
input to warshes above the causewsy im Keeping
pace with mea level risge, which at present is
entimated to be 1.8 mm per year {i.e. 1.B in.
between 1953 and 1979, Avbrey and Emery 19830, s
an sres of concern end should be studied further.

Large storms can force large quantities of water
onto marahes causing wind and wave damage. Such
events have the greatest effect oo marshes during
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the nongrowing sesson or following marsh firces.
The reduced amount of sbove-ground plant material
allowvs peat to becowe suspended and washed From
the merah when waters recede, Hurricanes did
affece Alabama duriog the period of this study.

Very little trend informarion could be found
regarding changes in salinity aver the course of
the study. Tt is apparent thar salinity has
incressed in the vicinity of the ship chennel, but
the effects on delte weblands sare unkaown.

Kerbicides enter Mobile Bay warshes either
directly through application to "undesirable”
vegelation or indireerly through run-eoff From
agricultural applications via the tributary river
system. The Mobile River system atane draina
43,629 aq. wmi.; this vater ends up in Mobile Bay
and part of it spreads out aver the Mobile Delta
wetlands. The quantity and the effect of the
herbiciden enteving Mobile Bay wetlands sre
virtually unknown,

IThe nutria, introduced into the Mobile Delta in
1949 and 1950 (Leuth 1963}, now competes with the
native muskrat. Populations of nutria can expand
tremendously in s relatively short time (2 years).
Hotria numbers, if unchecked by crapping or
hunting can result in soall devegetated or
“eat-put”™ areas (0.1 acres to 1 acre) and narcow
channels Jdissecring the marsh. Such eat-outs can
bring sbout consideruble erosion and subsidence of
marsh soils during the winter months and stora
events, Marsh fires were used between 1955 and
1979 in "nutris rodeos” (once an annual event) to
concentrete the animmla sad make them essier to
find. Fire was and still is considered a valusble
tool in mansging the marsh for muskrat. Burning
the warsh in the winter leaves large sreas
vulnerable to erosion during high water eveatls,
sither high river discharges or storm tides.

The vehicles uned in seeking oil and gas reverves
often cause cowpaction of werah soil snd lesve
scars (tracks) visible for many years. Since che
Hobile Bay wetlands have only recently been
explored for oil and ges, an slmost insignificant
amount of wetland loss resulted from this activity
during the period of study.

Direct cauves of wetland losees have only recently
been regulated or controlled. Laws protecting
marshes, such 2o the Clean Water Act {1972), the
Bational EZnvironmental Policy Act (1969), and the
Coastal Zoae Management Act (i972), were not
passed or fully implemented until the later part
of the study period. After 1979 lo#s rates may
have diminished, The data base estsblished in

this wtudy is available for future reference and
comparison.

Studies like this one give wetland managers
general informationn usefu! in developing long
Fange manegewent plane for the resource.
Information on the effect of wetland changes on
Eiwh, shellfish, and wildlife and on other wetland
functions is the other critical information that
is essential to management plamning,

SIMMARY

Pata presented in this paper indicate nonfresh and
fresh marshens declined very significantly from
1955 to 1979. Some causes for Chese declines are
regulated by governmental agencies. Hpowever,

nearly bhalf of the causes of nonfresh marsh lu_uen
sre at present uncontrojled and regulaticna
protecting against fresh marsh losses have only
recently been implemented. These wetland trends
pose a challenge to all wanagers and planners
wocking in the coastal zone,
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ALABAMA'S MARSHLAND RESOURCES

Judy P, Stout

Marine Environmental Sciences Congortium
F.0. Box 389

Dauphin Island, Alabama 36528

ABSTRACT:  Approximately 25,000 acres of fresh, brackish and salt marshes were
mapped along Mobile and Baldwin Counties shorelines, Alterations and losses due to
dredging, filling, logging, utility corridors and erosion are continuing to diminish
these valuable resources. Salt marsh primary productivity, faunal dynamics and
waste assimilative capacity have been asmessed. However, 1litrle is known of the
functionsl role of the brackish and freshwater marshes currently under the greatest
alteration pressures,



SEAGRASS BEDS

OF QOASTAL ALABAMA

Judy P. Stout

Marine Envirommental Sclences Consortium
P.0. Box 3649

Dauphin Island, Alabama 36528

ABSTRACT: Enventories of the distribution and specles composition of meadows of
auhmerged vascular plante were completed in 198! and 1982, Three seagrass species,
widgeon grass (Ruppis martima) shoal srass (Halodule wrightii) and turtle grass
(Thalmasia testudinum) were located in coastal waters of sauth Mohile and Baldwin
Counties. Changes in species dominance and aerial coverage have occurred since

these surveys, Aasesament of habitat use by fish and invertebrate and growth
patterns of the plants have been initiated,
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CHANGES IN SUBMERGED GRASS BEDS

OF THE MOBILE DELTA 1979 - 1986

Joe Zolezynshi

Game and Fish Division

P.O, Box 245

Spanish Fort, Alabama 36527

ABSTRACT:  In 1979 the Alabama Department of Conservation and Matural Resources,
Game & Fish Division, conducted & survey of the aguatic plants in the bays and
streama of the Mobile Delta. information from this study indicated that eurasian
watermilfoil, Myriophyllum spicatum, was the dominant submerged plant. Since that
date, changes in the gubmerged weed beds have been noted. One contributor to these
changes was the initiatien of an aquatic plant management program in the delta using
2,4-D IMa as a tool to reduce the biomass of euresian watermilfoil. This was done
in an effort to open bays to small boat traffic and to encourmge the regrowth of
native aquatic plants, From 1979 through 1986 the area of milfoil infestation has
remained fairly constent, but the density of the stands has been lowered., Also the
abundance of native aquatic plants has been on the rise,




BENTRIC AND WETLAND RESOURCES

Summary of Panel Discussion

The participants on the "Benthic and Wetland Resources Fanel" were:

Modermtor: Judy P, Stout, Marine Eovironmental Sciences Consortium
Eldon C. Blancher, Taxonomic Associatea, Inc.
Thomas Hopkins, Marine Environmental Sciences Consortium
Fandy Roach, U.S5, Fish and Wildliife Secrvice
Joe Zolcynski, Game and Fish Division - ADCNE

INTRODUCTION

In general, the panel’'s discussions centered around three tepica which
were the evalustion of dismcharge impacts via in-lab toxicity testing, the
benefita »nd cest of estusrine modelling, and historic <changes/loases ol
wvetlands and grasmabeds associated with rhe Mebile Bay FEstuacine System.
These discussions have been summarized and their aynepsis follaw,

TOXICITY TESTING

Concern was expressed aover the applicability of Ilsb-conducted toxicity
test resylts to field situationm, Since 1984, EPA has implemented "warer
quality based quidelinea” for NPDES discharge permits. This approeach
emphasizes in-stream, or in-estuasrTy, toxlcity testing as well aas lab tests.
Permit reqguirements for testing toxicity will hopefully produce a more
comprehenaive data base to evaluete discharge impacts on the binta. Tesring
ia an expensive requirement and costs are being primarily covered by the
persictme industries who gain the greatest benefit from the discharge
permit.

To better evaluate impactsa on estuarine cerganiams, Mysidopeis bahia has
beer wmelected by EPA as the most sensitive estuarine apecies which <an be
practically maintsined foar testing purposes. It was recommended that
edditions]l species reprementative of the locml environmental serting also be
tested and results compsred using Mysidopsis ns a baseline.

MODELLINMG

A  grest deal of interest was expressed in the usefulness of models as
tooln in mansgement and planning. For Alabama coastal areas, two
hydrodynamic models are available - Mobile Bay (Rainey, UAT) and Mississippi
Sound (USA/COE, Mobile Dimtrict), Although significant progress has been
made since the 1979 Symposiue in developing a working data base, numercus
remaining dats gaps have been pointed cut in the varisus presentations of
1987. No model is availmble to assist in mssesming biological impacta.

Several related effortm were discussed which may provide some lacal
insight when completed. The Corps of Engineers Waterways Experiment Statien
ar Vicksburg, Misaimeippi, is 1nitiasting a Eive-year, $5 million,
development of & water quality model for Chesapeake Bay. No biological
components will be included and cost eatimates do not include any data
tallection. The State of Florida has funded "Water Quality Based Effluent
Limitation"™ (WQBEL) studies throughout the estuaries of Florida.

It was emphasizet that models are expensive; are designed only to
anavwer specific questions: are only as good as the data wpon which they are
baxed; and wmay require long-term data sets in order to have some reljahle
predictive capabilities for assessing cumulative impacts,
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WETLANDS CHANGES AKD LOSSES

Significant changes in species composition and loss of acreages of
grasabeds were reiterated and reinforced by the audience. Most observations
noted the greatest changes occurring since the 19508, changes which could
not be documented by the Fish and Wildlife study of the 1950 and 1979
photographs. It was suggpested that a historicel review of shoreline
development, dredging, channelization and silvaculture/agriculture
practices be undertaken to include the time period 1940s on, to determine if

there is any relationship suggested by coincident increases in anthrogenic
activities and grassbed loss.

Scientists have been unable to acquire the funds necessary to extend
the completed werland/grassbed resource assessments to an ongoing program
menltoring resource health and cause-effect studies. Natural perturbations
such as the cold winters of 1983 and 1984, a season when grasses may be
exposed to air by low water levels, may have significantly effected trheir
distribution. The synergistic effects of man and natural impacts cannot be

evaluated at this time. Restoration of previously vegetated areas was
suggested,



COASTAL, LAND TRUST, INC,

MOBILE-TENSAW DELTA PROJFCT

Atrthur C, Iwas
Coastal [and Trus
P.y. Box 10129

Mobile, Alabama 36633

ABSTRACT: The Mobile-Trnssw Delta is one of the natien's last vietually untourhed
delte systems, Ita 200,000 acres of marshes, islands, hummocks and prime hotromland
hardwoods sre vital to the health and maintenance of & wide array of endangered
plants and animals, Three major industries in Sonth Alsbama are strungly dependent
on this resource, The recerration, commetrcial seafoocd and timber indusiries emp loy
tens of thousands of workers and gencrate hundreds of millions of dollars anmual ly
as a result of the Delta, More importantly, the Delta and Bay are responsible For a
truly unique guality of life in south Alabama. To attempt to insure the viability
of the Delta, the Coastal Land Trust is attempting ta raise $10 milltion through
private sources in order to acquire 50,000 ascres of the lower Delta. A wildlife
management area  will be developed under the multiple use concept and will provide
for the ctimber and wildlife resources in this important system. Many local, state
and federal agencles and organizations are supporting this effort.
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80N SECOUR NATIONAL WILDLIFE REFUGE

IT'S HISTORY AND CURRENT STATUS

Jerome T. Carrell

U.5, FISH AND WILDLIFE SERVICE
P.0, Drawer 1197

Daphne, Alabama 36526

ABSTRACT:  Located 50 miles scutheast of Mobile, Alabama nesr the town of Gulf
Shores, Bon Secour Natlonal Wildlife Refuge was authorized by Congreas in 1980 to
preserve fragile barrier island habitat along Alabama's gulf coast from development.
Commercial development of Alabama's 32 miles of gulf beaches Jumped drastically
following Hurricane Fredric's passage im September 1979, The ohjectives of the bill
eatablishing the refuge were to preserve the land for the flora and fauna that
depend on it; provide a living laboratory to scientists and students of the area and
provide for wildlife oriented recreation for the public., Since 1980, acquisition
has totalled nearly 4,000 acres reeching from Lirtle Dauphin Island on the west to
Dyster Bay on the east. acquisition contipues, but is complicated by a multitude of
landowners and land prices that have escalated every year. Only time will tell if
the propesed 10,000 acres can be acquired before development takes over the rest of
the Fort Morgan peninsula.



POLLUTION, WATER QUALITY

AND THE CORPS OF ENGINEERS REGULATORY PROGRAM

Davis L. Findicy

U.5, Army Corps of Fngineers
P.0. Box 2288

Mabile, Alabama 36628

ABSTRACT : The Corpas Regulatory Frogram operates under four different
suthorizations: Section 9 and 10 of the Rivers and Harbors Act, Section 404 of the
Clean Water Act, and section 103 of the Msrine Protection, Resvarch, and Sanctuaries
Act. All agpplications (except thoae which gualify for regional or natienwide
permita) are subjected to coordination and public notice and public interest review.
Many of the review factors are directly andfor Llndirectly conceyned with pollution
and water quslity and involve coctdination with Federal and State agencies who have
regulatory control over various aspects of pollution and water quality. Permit
decisions 1involve the preparations of detailed documents which must conclude that
permit issusnce is in the public interest and 1s found to comply with all quality
standards and pollution criteria.
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WETLAND HABITAT CREATION - WETLAND MITICATION
NEW ANSWERS T0O OLD PROBLEMS

Hugh M. Dowling

Wetland Biologliet

Dowling Envivonmental Services
Moblle, Alabama 36660

ABRSTRACT: The value of coastal wetlande hams hecome recognlzed in recent
yeara, Due largely through man's unmitigated activities such as dredge and
111 the acreage of this valuable habitat has been dwindling. Wetland
mitigation/creation projects can compenaate for the lesa of wetland acreage
and provide "new" highly productive habitat for f£ish and wildlife. Both fresh-
water and saline wetlands have been successfully created and are functioning
aa man-made hablitats similar to the naturally occurring wetland habltats,

By matching phyalcsl sné biclogical factors wetland acreage can be established
by modifying upland transitional zones thus providing new alternatives for

coastal developoent.

INTRODULT ION

(wer the past decade or so the coaatal
states have been [aced with a dilemma, trying to
balance growth and development with environmental
controla, The value of coastal wetlands hae become
widely recognized and efforta are being made to
mininize the impacts to these critical areas. Due
largely through wan's non-mitigated activities
such ae dredging, speil dispoaal, bulkheading,
and filling the acteape of this valusble habitat
has been dwindling. The concept of wetland
mitigation (habitar creation) as compengatlion haa
gprung from this conflict of differing interests
and prioritiea.

Wetland mitigation by way of habitat
creation 1s the last wtep or final alternative
available to industty and development wher
fill or dredge in regulated areaa lg an lssue.

By definition mitigation means the reductien

in the harshness of an activity, Any modifica-
tion of the inirial project's scope or size
intended to accommodate the environmental
concetrns 1s mitigation. There Ls & whele array
of mltigating measures that can be incorporated
into a project during the permitting procedure
with habitat creation being only ene.

The balance of thig paper will deal
with the creation of a 9.2 acre fresh-water
marsh rto serve as compensation for impacts
assoclated with the expansion of Scott Faper
Company's Mobile facility. Disturbed wet-
lands (8.4 acres) along Threemile Creek were
permitted to be filled for a water dependent
loading facility adjacent to the creek.

NEED FOR MITIGATION

To compensate for the loss of 8.4
acrea of historleally disturbed wetlands
Scott Paper Company created 9.2 acres of wmarsh
and Foreated wetlands along Eightmile Creek in

Mobile County, Alabama. By lowering the elevation
of an upland slope tg that of the adjacent swamp
and transplanting the dominant herbaceous and woedy
vegetation associated with thies habkitat type
gdditional arres of marsh and fprested wetlanda
wvera created. The ecolagical advantages of this
mitigation program are (1) direct net iocrease in
the total amount of wetland acreage by mitigatiog
1.1t to 1.0 creation to impacted habitat (2} create
a more productive and desirable wetland than that
existing along Threemile Creek (3) create and set
aside a forested wetland ln a non-industrial area
a8 opposed to the conservation of a weedy impacted
marsh and shrub habirat within a heavily developed
srea (4) create a habitat type capable of supporcing
twe plant species of threatened and speclal concern
stetus, 1.e, Gordonis lasfanthus (Loblolly Bay) and
Chemageyparis thyoldes (White Cedar) (5} data
obtalned from this mitigation planting and aubsequent
two year monitoring program will help establish
guildelines for decision making policles with regard
to future mitigation planning.

HABITAT TQ BE ESTABLISHED: BAY FOREST

Bay Forests cccur along mwost rivers and
streams in our area. It has been estimated that
there are 3,291 acres of this type habitat assoclated
with the Mobile-Tensaw River Delta (5tout, 1982).
The vegetation of these swamps varies depending on
the amount and duration of [looding. If flooding is
extenslve Taxodium distichum var. eutans (Pond
Cypress) and Nyssa sylvatica var. biflora {Swamp
Tupelo) may dominate the canopy. Usually, under
moderate flooding the dominant trees are Magnolia
virginiana (Sweet Bay}, Acer rubrum {Red Maple},
Swamp Tupela, and Persea palusttis (Swamp Eay}.

An understory of Cyrilla racemiflors {Swamp
Cyrilla), Cliftonia monophylla {Black Titi), Itea
virginica (Virginla Willow}, and Cornus stricta
(Swamp Dogwood) may be common when the cancpy is
opan,

As this type of forested wetland grades into



upland pine/oak [orest planta more adapted to belter
drained aites will begiln to appear. The proposcd
witigation planting site {n thin type of traoeltion
tone betwren swanp and upland habitate.

MITIGATION PLANTING SITE

The mite nelected for mitigation planting
im owned by Scott Faper and was a portien of a
Long Leaf Pine plantation which hordered a forested
wetland., The project nltr in adlacent to the exist-
Ing Bay Foveat for a distance of 1,320 feet and
extends up the slope for approximately 100 feet.
This atea of tranaition between swemp and upland
Ls not optimal for pine plantation nor will ir
support wetland vegetation snd ita endemic blota.
All vegetation over the mitlgation site
was removed pricr to the replanting of the pines.

Werland plant apculen hrgan Lo {nvade denuded areaa
where the [oreatty equipment causcd depressiona
along the lower edge of this trauaitional zone. This
[act alone would muggest the preference of wetland
species whete sultable elevarions exist.

The slevatlona ower the project vary {rom
2.% to 8,0 fert above Moan ligh Water (MHW}. These
elevations were teduced to that of of alightly
ahove the water tahte providing an ndegquate =lte
and elevatlon for the mitigation planting. This
elevatfon would almo insure adequate floodlng would
occur ever the mitigation site corresponding with
the adjncent wetlands in depth and duratien. The
flood water retentlon capaclty of the created wet-
land would be Aimilar to that of the Bay Forest.
Utllizing & transitional zone between awamp and
uplanda minimizes Lhe amount of excaviation necessary
to cbtaln the critical elevatlon for planting.

Whiviler

Project

=Y

Narth Mablle

I-u3

PROPOSED SITE
PLARTING ALONG EIGHTMILE CREEK

FOR MITIGATION

1 MILE '

M
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FORESTED WETLAND ADJACENT TO PROJECT SITE

In the upper reaches of Eightwile Creek
the water shallows aufficiently to allow aquatic
plant species such ae Decodon verticillatus {(Water
Willow) and Ludwigla peploides (Ludwigia} to form
mate over the surface of the creek with dense emer—
Rgent vegetation intermixed. A thin canopy of Swamp
Tupelo, Sweet Bay and Pond Cypress occurs over these
ahallow regions of Elghtwmile Creek permitting a
mixture of mareh and swaep.

Bay Foremt exists in the area between the
edge of the creek and the upland slope (below the
five foot contpour). At this elevation Finua
elliotetii (Slash Pine} begins to appear, marking
the upper liwit of rhis type of forested wetland,
A dense understory exists over the entire swamp
probably ae a result of recent timber operations
rewoving the canopy. This shrub layer consists of
Virginia Willow, Swamp Cyrilla, Swamp Dogwood,
and others. Small isclated depressions and higher
sandy ridges are cemwon in the adjacent swamp
regulting fn sn sbundance of aquatic and semi-
aquatic vegetation.

THREEMLLE CREEK SITE

The Threemile Creek mite consistas of shore-
line property owned by Scott Paper and is located
in Mobile County, Alabama aleng the north bank of
the creek upriver from the Mobile River confluence.
The majority of undeveloped land along the creek is
zoned for induatrial developmenc.

The characteriseirs of the creek have
changed drastically over the last aeveral years.
At one time Threemile Creek was mimilar to Chicka-
saw Creek to the north but as a result of dredging
and channelization for flood control coupled with
industrial uee the adjacent awampe and marshes
have been sltersd. Increased upland ron=off from
urbanized aress comprising most of the creek's
drainage basie has necessitated these type flood
control oeasures.

The plant specles and their rompositian
observed in the mareh aleng the fringe of Three-~
mile Creek are indicative of & disturbed wetland.
Because of the induatrial use of the higher
elevations of thia area and the i{ncrensed drain-
age load created by urban development the marsh
to 8 large extent has been confined to man made
boat slips and drainage ditches, There are wmall
atands of Ziraniopsis milicea (Water millet) in
these old boat slips and a low herbacecus
marsh dominated by Cat-Tall, Sagittaria latifolla
(Arrowhead), and Peltandra virginica (Arrow Arum}
along a red clay road which restricts water flow,
What little amount of Panicum virgatum (Switch
Grass) presdent om the site 18 scattered and not
characterfatie of the large mmotypic stands
wsuzlly faund along atreame and rivera of the
Mobile Delta. The area dominated by depirable
marsh species cooprises A amall percent of the total
aite, By far the dominant woody epecies are Salix
nigra (Black Willow) and Tallow spp. (Pop-com
Tree), while the dominant herbacecus specles are
Ailfgator weed and Rumex spp. {Swamp Dock).

Upon review of the epecies liste presented in the
Habitat Asseswment {ERT) followed by a Eleld

inveasrigarion of the site, there are unguestion-
able aigns to ipndirare long standfng disturbance

asaaciated with the Threemile Creek site. Both the
compogltion of the species present and the absence
of typlcal dominance characterlzing the marshes
and forested wetlands in less lmpacted areas would
point to a stressed environment with low product-
ivity and wildlife potentiala,

MATERIALS ARD METHODS

Spacinp: HRerbaceouys and grass-like plantsz
were planted on 3-foot centere over the 9,2 acre
project site, This invelved transplanting 45,000
aprige of perennfal wetland plante. Transplanting
the treea and ahrubs on 18-foot Intervals fnvolved
2,000 bare root seedlings. These flgures are
approximations but do give sowme idea as to the
volume of transplants that were handled. In addition
to the tranaplants, seeds of the dominant shrubs
were gathered and spread by broadcasting over the
project site,

Flanting Stock: All transplants of herbac-
ecus and grass-like plants were obtained from the
Bay Forest adiacent to the planting site, Transplants
were hand dug and transported by wheel-barrow to
the mitigation aite. Wetland vegetatlon can be
damaged if allowed to dry, so all transplants were
replanted the same day as procured to prevent
degefication. Transplants were ohtalned as close as
roeaible to the planting aite tv guard agalnst
ecotyplc varlationa, When dealing with large numbera
of transplants extreme care should be taken during
stock procurement Lo prevent excesslive damapge to
the existing wetland donor alte. A recommended
procurement rate is one planting unit per aquare
meter. However, this rate may vary according to
apecien and abundance.

Elevational Changes: The portion of the pine
plantation wsed feor the mitigation planting had a
height which varied from 2.5 to 8.0 feet above MHW
{water table). The entire planting area was first
cut down te approxi{mately four inches balow MHW.
Then 4 - 6 inchea of highly organic materfal from
Scott Paper'a mill facility were mixed with sandy
s0ila to previde a favorable substrate for planeing
and at the appropriate elevation, All efforts were
made to extend the elevation of MHW over the aite,
thus eliminating competition from weedy specles
invading from the surrounding uplands. On the
average 4 to 5 feet of overburden were remaved
from the project area to obtaln the critical ele-
wvation necessary for the mlcigation planting.
Preliminary core sawples Indicated a sandy - clay
scil material to a depth of eight feet belev the
praoject site. The pH of this type s0il when saturated
with water rune slightly to strongly acid.

Spoil Digposal: Approximately 80,008 cu. yds.
of material were removed to establish the dasired
elevation Eor mitigation planting. This material
wag placed and contoured on 8n upland slte within
the ilimite of the pine plantatbion. The slopes were
well grassed and planted with caks and poplars.
Areas of potential ercalon were also matted and
rip=rapped. The contaimment of the excavated
material is wost important In maintaining the
integricy of the aitigation site in addition te
protecting the adjacent wetlands from eresion
of the plepes and stockplle ereass.
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FIGURE 1.

PROJECT PROFILE REFORE EXCAVATION
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FIGURE 2

PROJECT PROFILE AFTER EXCAVATION

SPECIES TO BE PLANTED

Herbsceous Plants

Feltandrs virginica {Arrov Arum)

Description: Peremnial herb {n dense clumps;
without true stems, leaves baval arrow
shaped; flowers My - June,

Habitar: Presmb-water wetlands, marshes and
margins of streams.

Establighment: Transplants; rapld propagation

Sagittaria latifolia {Broadleaf Arrovhesd)
Description: Parennial aquatic herb about 1,2
weterd high, from fibroua tubers; leaven
spesr=-11ke; flowers June-September,
Habitatr: Streawm margine snd swampe,
Establighment: Transplants.

Smururus ceronuus (Lizerd's Tail)

Description: Persnnial aquatfc herb from
fleshy rhizomes, 0.5-1.0 meter high;
flowers May - July.

Habitat: Stveam margins and fresh-water mareh

Estabiishwent: Traneplants.

Shrub s

Itea virginica (Virginia Willow)
Description: Shrub to 2 meters high, flowers
April « July.
Habicat: Low wood; Bay Forest
Establisiment: Transplante

Cyrills racemiflora (Swamp Cyrillia)
Description: To B meters tall; seml-evergreen
Hahitat: Bay Forest
Establishment: Transplants

113
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Trees

Specien to be planted at the mitigation mite
would Lnelude:
Magnolia virglniana [(Swert Bay Hagnolia)
Persen palusttis {Swamp Bay)
Taxodium distichum (Fald Cypress)
Nysusa sylvatica var, biflora {Swamp Tupelon)
Acer rubrum {Red Maple}
Fraxinus pennsylvanica (Creen Ash)

Acreage Determinations

Area of Dredge and Fill Operationa Along
Threemile Creek

Remcrval of approximately 364,167 gq. ft.
of (mpacted marah mand shrub rone dominated by
Alllgator Weed and Black Willow,

Total Loss -————

== 8,36 acres

Aren of Mitigation Plaating {Creatfon)

Project aite 1,320 fr. X 2304 fr.
Replacement ratio 1.5 - 1.0 creation to
disturbance, Eatablishment of 401,280 aq. ftr.
of coastal marsh.

Habitat Cremtion -———— 9.10 acrea

Lesa Total Loss —-———- B,3% acres

Net Caln Wetlands ————o- 01,84 arvea *
* Thie figure does not include comparstive

productivity and wildlife benwfite derived from
the creation of freahwsater marsh maturing into
coantal Bay Forest. Wildlife values will he
enhanced more than the figure of 0.84 acres would
imply. Through the establishment of successional
zones or edge effect (Lecpold, 1913} exceeding
what nov exinsts at both the Threemila and Efght-
mile Creek sites diverse habitat typea in Juxta-
poaltion can be achieved. Completion of this
project would put in close proximity a pine
plantation, grassed erosiom control area, the
mitfgation planting mite, and the exliating Bay
Forent which grades down to a permanently
floodad muamp.

Methode of Haintenance

(1) Minimum of 2 year wonitoring program :

A. HWashouts and dead planta will be veplaced
by fresh transplanta.

B. Fertiligsation aa needed; mixcure of primary
and secondary sludge will serve as slov
releane organic fertilizer,

C. Selective Weeding.

D. Limited access to project site.

E. Applicant and contractor(e) make long
ters cosmmitment to wetland establiehment.

(2} Evosion Control:
A, Back slope placed at top of all cut banks,
3. Excessive erosion controlled by grasaing,
rainforced mat, rip—rap, regrade.
C. All slopes were grassesd wich Aye and Bahia.

{3) Schedule of Reporting

A. Reporte mubmitted to Fodecomal and State
Agencies pvery & monthe For a minieunm of
2 years.

B. Reports to Inclwle:
Fhntogeaphy of project arca
Guadrate sample data
Stem Counts
Number nf Plant Replacements
Eatimates of Speciea Viahillvy aa Mlanting

Stock.

C. Oprn communicat fonse heiween agencles and
applicant.

D. Avallability of hata for Use [n Future Projeces

Guarpntee

The contracvter for thls mitlgation plantlng
wan required to provide a written guarantee of 70
percent survival and spread of all transplaota,
with replacement as requived {n ordey to achleve this
rate , The perfod of guarantes remained in cffect
for a two year period.

Breults
Eighteen Month Fost Flanting Monftor

The purposs of tho elghteen month post
planting monitor and repert la to evaluate the
success and progress of the wetland mitipation
aroject and to make recommendsatlons 1f necersary.

Cne aeter Aquare quadrate samples were
taken in vatrlous locations over the planting ajte,
Thene aamples generated stem count nutkbers per meter
aquare {m<). The stem count Jata pertains only to Lhe
species planted and does pot reflect natural colunfzers
from the adiacent wetlands present in the sammles.

The project and the gample dota were divided
into two diatinct arean. The northern portion was
covered with primary and secandary paper till sludge
while the southern porticn recelved no sludge. The
dffferences in the stem count numbers and plant
denalties are obvipus from the data presented. The
atea with paper mill sludge incorporated into the
soils produced nearly twice the aumbetr of plants
per meter aquare. Plant propagation on the "sludged
areas” alpo exceeded grem count numbers in the
donoy altes or adjacent wetlands. The lack of
coppetition and canopy over the mitigation area
would alsa contribute to the high plant density
at the site,

Erosion Control

The severely eroded slopes of the excavated
material atockpiled adjacent to the planting site
vete reshaped and stabilized with filter cloth, rip-
rap, reinforcement matting, and regrassed during
Hovember, L984. These techniques and devices have
proven more than adequate in resclving the erosion
problem.

The ayvea of deposition of the eroded
materials has been reduced from 0.42 acres at the
six month fnterval to 0.)3 acres at eighteen months
past planting. Wetland plant species are colonizing
from the margine and reducing the gize of the
denuded area. Serious erosion was halted at the
eighteen month interval.

15
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PINE PLANTATION
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1.

II.

L1I,

Quadrate Sample Data
{Stem Countllz)

Area Covered With Primary and Secondary Paper Mill Sludge:

Station Stem Count and Species

57 Sagittaria latifelia; 5 Decodon verticillatua
58 Sagittaria latifolia
47 Sagittaria latifolia
94 Sagittaris latifclia
38 Smgittaria larifolia

* Total 299 Plantm 2
Average Number of Plants/nl = 58,80 Plnats/u

e o B

Area Not Covered With Paper Mill Sludge:

Station Stem Count and Species
1 7 Scirpus cyperinua
2 36 Decodon verticillatus; ) Spargenium americanum
3 98 Decodon verticiilatus; 3 Sparganium americanum
L} 4 Scirpus cyperinua; ? Sparganium americanum
5 16 Decondon verticillatus; 9 Sparganium americanum
[ 11 Scirpur cyperinus

* Total 122 Plants
Avarsge Nimber of Flants/m? = 20,33 Plants/m?

ControlArea {(Adjacent to Donor Sitea)

Starion Stem Count and Specles
1 16 Sagittaris latifolia; 12 Sparganiim emericanum
2 9 Sagittaria latifolia; 17 Sparganive smeticanuom
* Total 52 Plantm

Average Humber cof Plants/a = 26 Plante/m?

Totals indicate numbers of planta per lz for gnly the species used
ans planting stock. Natural colenirers were not counted, but wete
common in all aress sampled, Numerous woody snd herbaceous species
were present in the control samples which reflects lower stem
counts due to the canopy cover and competition.
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Surremn of Seedling Treen

Quantitative data {a not svallable for the
numher of trees {Taxodius dintichum and Fraxinus
pennaylvanica) that have survived the firat elghteen
momtha, but after extennive examination of the
entlre project an eatimated meventy percent of all
hate oot seedlinge planted on the project floer
tave murvived and are showing signiflicant growth.

The Bald Cypreen arvedlings have a higher rate
of murvivabllity than the Green Ash. 5imilar
planting techniques {dIbble bar) were used with
hoth specles.

Hative Colonizera

A floristic survey wan conducted over the
entire mitigatinn site and the dominant herbaceous
and grama-like plants were noted. Tlants noted
were specles other than those transplanted onto
the site. The following list sre the planted
species which volunteered in the gresteat nushers.

Juncus marginatus; J. effusus
Scirpus cyperinus; S, americanus
Eleocharis {lavescens

Cypress wpp.

Panfcum app.

Sallix nigras

Ludwigia alterniflora; L. leptocarpa;
L. linearim

Palygonum punctatuym

Typha epp.

Summary

The Scott Paper Company wetland mitigation
planting hss vesponded scat favorsably to the physical
and bloiogical conditiona eaetabliahed by the habitat
alteratione, Hew acres of freshwater marsh have heen
crested by lowering the elevation of an upland elope
to that of the adjacent svasp and transplanting the
dominant vegetation agmociated with this habitat
type. This expanded wetland sres will merve a two fold
purpose. (L) Mew acreage of a limited habltat waa
eatabliuhed with all the asacciated functions such ax
flood water retention, filtratiorn, detrical productivity,
and hsbitat for squatic organisme. {2) The expanded
micigetion erea would further imolate the existing
svapp from encreachment.

The development and creation of wetlanda ia
not 8 new concept. Water fowl wmanagers, agricultural
cperaticne, hydro—electric facilities, and aportemen
have developed wetlande for years. It is the concept
of using a creation program as compensatlon for
habitat losses and impacts that ls new and provocative.
Werland mitigation can take the shape of enhancement,
expansion or restoration and does not have toc be
coupled with development. These projects can stand
alone as being contributors to the environmental
quality and not as secondary work agsoclated with
the prime development.

Wetland mitigation is & viable alternative
in coastal developmest and the concept ghould be
expanded to include a variety of compensatory
measuras. Through mitigation or land banking funda
could become avallable to undertake numerous
environmental projecta that could show immediate
reaults and enhancessnta,

Wy uslog wetland mitigation {creation] as
a toe]l te compenaate for cumulnrive effoctn
mrnociated with growth and development our estuarine
aynatemn necd nevet Jore another acre of webland
hatritat. :
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CREATION OF A BRACKISH TIDAL MARSH AT WEST FOWL RIVER, ALABAMA

Barry A, Vittor and Juliao R. Stewatt, Jr.
BATCY A. ¥ittor & Asmociates, Inc,

BY0G Cotcage Hill Road

Mobile, Alabama 36609

Arthur L. Middleton
Kobile Discrice

Cotps of Engineers

P+ O. Box 2288
Mobile, Alabama 36628

ABSTRACT: A 40-scre brackish marsh is heing created near West Fowl River, for HNorth
American Gulf Terminals, Inc., as a condition of the Corps of Englneera permit for
construction of s coal/grain faciliry at Theodore. The mitigation site was selected for
ite low elevation (+1.3 m MSL)} and acceas to tidal recharge via an existing canal network.
It contains a Juncus roemerlanus-Phragmites comminis zGoe aeat the Rfiver and the Pioua
elliotel gone which is belng excavated. An average of 1 w of topsoil and sandy cla¥ has
Been removed by dragline, in order to attain a finished elavation of +0.3 m MSL. Four
tidal canals allow an adequate flow of brackish water inco the elte during klood tide.
Excavated saterial forms mounds which will eventuslly provide upland habitat ic the midst

of the new wetlaond. A lower rone (+0.15 m) 18 belng created along che waterways to
improve the quality of new Spartina alterniflora marsh to be planzed. The site beccmes

fully flooded during high tide and flushes very quickly during ebb ride.

INTRODUCTLION

Restorstion of former wetliande or creation of
nev wetlands has become a meana af compensatiog far
unavoldable loswes of werlande due to dredging or f111-
iag. Ir Alabama, such wmitigavion fm typically associ-
ated with 1gsuance af permics by the Mobile District
Corps of Engineers wod Alahama Department of Environmen—
tal Manmgewent, in conjunction with activities regulated
under Section 404 of che Clesn Water Act of 1972, as
anended, These permites are issued where wetland losaes
cennct be avoided in conetructing water-dependent facil-
ities, and whers such conatruction e determined to be
in the public interest. The Preeidentc's Councli oa
Eovironmeuntsl Quality {40 CFR 1508.20} included wetland
creation in sddition to savolding wetland impacie through
alteraative project design, in ite definition of mitige-
tien for wetland impacts. While this guideline wag not
intended to encourage development 1in wetlande, 1t did
acknowledge that eome kinds of waterfront davelopment
could be accommodated provided chat provisiona were made
for replecing significant wetland functioos.

North Americsn Gulf Terwinals, Inc.'s (NAGTI)
U.S. Army Corps of Fngineers permit for construction of
a coal and grain tranaloading facility on the Theodere
Ship Chanael required that excavation of 21,5 acres of
tidal marsh plus other wetland impects be mitigated by
creatfon of 40 acres of tidally-influenced brackish
narsh and ? acres of fresh marsh. Thirey-eix (36} acres
of the vidal mareh habitac were co be excavated prior to
or concurrently with conatruction of NAGTI's shipbercth—
ing basinr on the ship channel, while che remaining miti-
gation wes to be perforwed in conjunction with botrom-
land hardwood (swamp) losses due to drainage diteh com=
struction, dike building, and dredged material dispogal.

The mitigacion mpprosch Atipulated as a special condi-
tion of MACTI's permit was developed by HAGTI with con-
siderable advice and input from Mobile District Corps
biologiste, the U.5. Environmental Protection Agency,
U.5. Fiah & W{lidlife Service, 11.5., Natlonal Marine
Fiaheries Service, the Alabama Department of Pnvironmen=
tal Management, and che Alabama Depsrtment of Consetva-
tion and Katural Resourcea. The principal ohjective of
the Final mitigaticn program was Lo replace the ecolog-
lcal functions of wetlands destroyed at the WAGTI site.
This fncluded primary productlon of marsh A TILTH
nutrient exchange between upland intertidal, and estu—
arine waters; and habitat for marah and estuarine Lnver-
tebracted and vertebrates, The ecological values of the
wetlande lost at the WAGTI mite were estlmated by use of
the Fish & Wildlife Service's Habitat Evaluation Proce-
dures (HEP), and the size of NAGTI's aitigation area was
based on replacement of the nuaber of habitat units that
were destroyed,

The purpose of this paper 1 to descelbe the
luportant features of thie micigatfon plan, and the
Progress and status of marah creation st the time of
this symposium (Pebruary, 1987).

GCENERAL CONSIDERATIONS IN MARSH CREATION

The marshes characteristic of Mississippl
Sound and southern Mobile Ray are primartly irregularly
flooded marshes bullt on deltaic plain sediments. The
Gulf Coast marshes, in general, lack any relief features
and are sitvated only elightly above mean #ea level.
The occutrence, areal coverage, and community composi-
tion of wetlaods depends upon aeveral enviroomental
parameters, including tidal reuge, shoreline elevation,



pediment sources and composition, topography, and salin-
ity of flooding waters. fanks of tidal bayous and
creeke are typically vegetated with the holophytic ape-—
cien Spartina alterniflora (smooth cordgraess) rather
than the less inundation tolerant Juacus Troemerisnus
(black needlerush), while an alightly higher elevations
behind the 5. siterniflora zone, 5. patens (ealtmeadov
cordgrass) ge?e_r';ll_y_—b-;mlen the dominant apecien
(Stout, 19B1).

Juncus is & saior component of marshes at both
tha Theodore Ship Channel and at NAGTI's mitigation sike
(Figure 1). According to Sapp et al. (1974), Juncue is
very euryhaline and 1is mosc abundant st elevations above
mean high water. This spacien is veplaced in estuarine
areas exposed to regular, diurcal tidal inundaticn by
Spartine aleerniflora. The mean high tide lire in
thought to be marked by the seaward edge of Juncus mareh
vwhere S. alternifliors 1is not present. Juncus la te~
placed by 5. patens st elevations above 0.5 = MSL to
0.6 m M5L, where tidal influences exist. Juncus occufs
on fine send and silt sediments which ate tich 1in organ-
{ic matter and sre somevhat reduced (Goaselipk et al.,
1977). Accerding to Hopkinsoun et al. (1976) Juncus 1s
second only to 3. patens with respect to rate of blolog-
ical production (Table 1}. It produces an AVETage of
3416g/ml live bliomass per year., However, its decompusi-
tion rete 1s much lower than 5. patens {31058 /wi/yr.)
and its biomass turnover rate is very lov compared to
other cosstal wmarsh species. Coneequently, LiF contrib—
utes less organic detritus to estuarine waters chan do
most ather species in this ares.

Smooth cordgress (S. alrerniflora) ia an
important coaponent of coaatal mershes, but occurs onky
in patches in West Fowl River. According to Allen eg
al. (1978}, at Galveaton, Texas, this species Rrows hest
at elevations near meen low water, where it is inundated
from 6£9-87% cf the tiwe (Figure 2). Seneca et al.
(1976) found char 5. alterniflora occurs ar elevarions

up Lo 0.8 m but 1s most productive near open water, Ag
san intertidsl epeciea, 5. alteraiflors sevves to buffer
the shorteline agsinst wave scticn and eroeion, snd also
collects sediment (Broome et al., 1973). Hopklnson exr
#l., 1978 reported thet 5. slterniflora 1s moderately
productive, with an anoual sverage prauctlon tate of
2658g/m2 1n coastal Loulslsana {Tsble 1); this is Toughly
0% of the annual production rate of J. roemerianus, and
less than half that af 5. alterniflors i socmewhat
hkigher thas Juncua but 1% cunslaetaEIy Tower than 5.

pstens.

Saltmeadow cordgrass (5. patens) is expected
to become establizhed in fringe areas of the created
habitar due to the speclea’ abhility to eatablish in a
relatively btoad range of goils and hydrologlc regimes.
Pleld investigations related to habitat development on
dredged wmaterisl indlcate that S, patens i3 able to
sutvive snd flourish on sediments vasging from sand to
clay at elevations from slightly above mean high water
tc over cne meter above wmesn high water (Allen et al.,
1978; Kruczynskl et al., 1978). Salimeadow cordprass 1e
also one of the aost productive marsh species in Cerms
of aonual bicmsass generation, Hopkinson et al. {1978}
found that S. patens produces an annual average of

TARLE 1

Annual biomase and production parameters of 7 species of marsh grass.

Annual mean blomass Peak live Preducticnt Annual Biomass turnover rate
!g!mzt blomass x & range disappearancef Live Live Deii
Taxa live Dead (g/m’) (gim?xyr ) (g% u? wyrt) (7)1 (max)s (X}
Distichlim
—etlcata 560 1143 {(0.49) 991 3237 3171 5.7 3.1 2.8
spcata {3108-3366)
Juncua
roemerlanus az7 905 (D.9L) 1240 3416 3105 h.1 2.8 1.4
Ph L (3029-3794)
ragmites
communia 478 2222 (0.21) 950 2318 3244 4,9 2.1 1.5
(1825-2811)
Sagittaria
falcats 199 228 (0G.B7) 1% 15m 1572 7.5 2.3 6.9
5 e (1389=-1613)
partins
alterniflora 469 958 (0,49) 754 2658 2412 4.6 3.5 2.5
s . (2523~-2794)
partina
cynosuroides 394 951 (0.41) 808 1355 1631 3.4 1.6 1.7
(1052-165%)
Spartina
patens 500 1530 (0.58) 1376 6043 5138 6.7 4.4 3.4

(4924-6163)

*
Nunber in parentheses shows the ratie of the live to the dead biomass.

tCalrulated from bimonthly data using pooled mean r values. Range shown indicates variation found using 2

different i12-month periods fer caleculation.

§Digpappearance = D x T x 365 daya = annusl mean dead blomass, and T = annual mean disappearance rate caleulated

from pooled means,
1Ratia of preduction to live biomass.

**Ratic of annusl diseppearance to mean dead bipmass.

Source; Hopkinson et al., 1978
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6043g/at of biomass (Table L). That level of blomass
genstacion 1s the highest of the seven speciea Chey
studied.

CHARACTERISTICS OF THE WEST FOWL RIVER SITE

The proposed primary aitigstion site near West
Fowl RAiver consisce of 54 acres of low relief pine
savannah. The dominant overstory is elash pioe (Pinua
elliotrii) with smsll isolsted stands of live ovak
(uercus virgifniene) in slightly higher, betrer-dreined
arees. The understory 1w characterized by a wide vari-
::y of herbaceous plant apecles, including panic grass
Fanicux spp.). Saltmesadow cordgrass (Spartina patens
occurs in small =moist depreuulon;%_:FTlf_EiEg
{(Phragmites cowmunis) im found between the West Fowl
River tidsl marsh and the pine waveannah.

Moat of the aite had been previously drained
by & aystem of canmwls, The primary drainsge canal was
approximately 2 a deep and 9 m wide and drataed to the
weat into a small bayou which empties into West Fowl
River. This wmain cansl wam joined by three smaller and
shallower ditches on the northern bank. This drainage
system sltered che natural groundwater reglme by lower—
ing the water table an undeterwined smount and inter—
cepting the groundwater flow towards the Sound. J.

roemerianue occurred in the drainage ditch system, along

the cansl, snd slong West Fowl River,

The West Fowl River site is charscterized by
Bayou Boil, except at lts southern edge, where tidal
waresh muck wediments are found., The HBayou aoll series
consiste of poorly dralned, moderately slowly permeablsa
e01ls that formed on losay warine sediments.  Bayou
aoila occur on uplands of Gulf Coast flstwoods and are
seasonally saturated to, or within 1 Evot of the surface
from December through HMay. The terrain kypically pre-
sents little relief with slopes ranging from 0 to 2
percent, Table 2 preaents the soil profile characteriae-—
tic of moile on the West Fowl River project mite.

Table 3 presents a auamary of the physical and
chemical profile af Bayou soills, This enalysis reveals
that Bayou solls are low in calcium, magneaium, and
potassium; however, low levels of thepe elements may not
ba algnificsnt. Gossalink et al. (1977) related sacil
parameters o blomase and found that no soll paramerer
sccounted for more than 11 percent of the blomass vari-
ability. Barko et al. {1977) related the matablishment
snd growth of S. patens ta a varlety of drvedged material
aediment characteristics, incluidng nucrient concentra=
tions and texture. They reported that, although Einer—
textured sediments have & greater adeorpcive area and
typically contain higher concentrations than coarae
sedimentns, texture probably hee llttle direct effect on
plant growth., The nutrients cited are ¥ and P. Coarse—
texturaed (sand) sedimentm are characteristically poor in
nutrients, snd grovwth of all wetland epecies on wand vas

TABLE 2

Typical soil profile of Bayou Soll Seriee

All

Al2

AZg

2lg

B2ltg

Bty

B23tg

0 to 5 inches; very dark gray (1OYR 3/1) ssndy loam; weak wedium graoular structure;
frisble; common [ine TooOCs; very strougly acld; clear wavy boundary.

5 to % inches; dark gray (10YR 4/1) sandy loam; fev medium distinct gray {10YR 6/1)
mottlen; wesk wedius granular structure; f{riable; common fine roote; very strongly acid;
clear wavy boundary.

9 to 1A inches; light brownish gray (10TR 6/2) sandy loam; common medlum discinct light
yellowish brown (2.5Y 6/6) and few madium dimcinct very dsrk gray (10YR 1/1) mottlen; weak
sedium subangular blocky structure; friable; few fine TooLs; very ptrongly acid; gradual
wavy boundary.

18 to 26 inches; light grey (10YR 7/1)} sandy loam; common medium distinct browaish yellow
{10TR 6/6) and few medium dietinct pale yellow {2.5Y 7f4) mortles; weak wedium aubangular
blocky structure; friable; few fice roots; very strooply actid; gradual wavy boundary.

26 to 43 inches; light gray (10YR 7/1} sandy loam; common medium distinct brownish yellow
(10YR &/6), strong brown {7.5YR 5/B), light brownish gray {iOYR 6/2), snd red (2.5YR 5/8)
mottles; veask medium subangular blecky structure; friable: sand grains coated and bridged
with clay; very strongly mcld; gradual wavy boundary.

43 to B0 inches; light gray (LOYR 7/1) eandy clay loam; many medium distinct yellowish
browvn (10YR 5/6) and coamon wedium distinct yellow (Z2.5Y 7/6) snd red (2.5¥R 4/B) mottles;
veak medium subsngular blocky structure; friable, slightly compace; thin patechy clay films
on faces of peds; very strongly acid; gradual wavy boundary.

50 to &6 tnches; gray (LOYR 6/1) sandy clay loam; few to common medium diexinct yellowish
brown {10YR 5/6}, pale yellow (2.5Y 7{4), and light reddish browm (Z.5¥R 6f4) mottles;
weak medium subangular blecky structure; friable, alightly compact; thin patchy clay fllma
on faces of pedn; few pockets of sandy loam; very strongly acid.

Sgurce;

Soil wap for Mohile County, Alabama (U.5.5.C.5., 1961)
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nutrisnt liwited, Howaver, plant grovwth on fine- ad jacent open water (Wenr Fowl River)

textured sedimante, whers oot inhlbited by high salin-
ity, was comparable to eetimates of plant produoceion in
natursl sarshaa. High productivity of macsh vegetetton
ie maintained in pact by the coaticual repleninhment of
nyrriante in tha fors of autrient~rich sedimants depos—
ited on the marsh. Thus, regurdless of the initial
sediment chsractevistice, Lf the hrdeologlc regime of
the created wetland favors introducelon of nutriencs
from both upland arear and through ¢i1dal action, the
autrient and textursl properties of the sadimentmw should
oot influsncea the viabllity of wetland eatablliahmenc.

The Weat Fowl River wsilte exhibite vecy slow
aurface Tunoff; mont Jdrainage occurs through lareral
seepage into the arcificlal drainage eystem, from the
perched warer cabla above the rclay loas soil srrstum.
Tidal influence is mean in the deainage canal end con
oecting dicchea. The cansl is deeper {-1.,0 = MSL) than
the natural bayou tnto which it drains (-0.6 wm MSL}.
Tidal racge in West Powl River {and 1in the caoal) fs
approximately (.5 =, a9 in Misstisslppl Sound (Figure 3).
¥ean high water ie +0.) @ M5L {n the Sound and West Fowl
River, whila meen low water 1s —0,2 = MSL. Similar
tidal rtanges are expsrienced in the mitigacion site
caoal systiem.

The Juncuw wersh along West Fowl River haw an
elevation of spproximstely +0.2 w to 0.5 = M5, aand iw
influeaced primarily by stors tldes. The Phragmites
tone chat borders the Juocys marah is spproxiaately
0.3 m higher sand 1s toundated only by very high storm
tides end ralnfall runoff.

WETLAND CREATION APPROACE

The brackieh mursh excavated at NAGTI's ship-
berth erea ranged in elevatlan frow approximacely
+0.15 m MSL to +40.56 m MSL. TRoughly i1} acres of thls
are#a wete below mesan high tlde and were regularly
inuandated by tidal action, while the remainder was
affectad by ares rainfall runoff and periodic high
tides. Consegquently, the NAGTI wetlaad creation project
vas designed to creare » varlety cf habitat types
ranging from tidally inundated smooth cardgrasa sarsh to
lafrequently fliooded black needlerush (Juncus) marsh.
The loweted area would be designed to communicate with

through the
existing canai and across the exiating Juncus mareh at
the edge of the River. The lowsst rlevatlons would
extend eantward along the existing canal and acorchward
slong newly-created tidal cunals and would be at
approximately mean high tide (+(.3 =) and conducive to
formation of Juncus marsh.

Approximacely 54 acrem of low pinewoods near
West Fowl River (Figure 4) are being sltered by excavs-
tion snd 01l mtockpiling, in order to develop 40 acrem
of brackish amrah habitac (primavily Juncus and 5.
alterniflera). Excavation 1s being accomplimhed with
conventional earthmoving technigues and includes arrang-
ing the removed soill ro form vupland Llslands. Over L4
acren of such yplands will eventumlly be created and
will represent valuable habitat for a variery of wild-
life wpecles.

The wetland crestlon project is proceeding in
two phases: (1) site clearing, excavation, upland island
formacion, grading, snd planting; and (?) post-habltat
creation wonitorlng and re-pianting (1f needed). The
duration of this program will be three years {rhres
growing seasons) afcer completiun of phase one.

Phage I: Site Excavation, Greding, and Upland Island

Formation

The mitigation site was firat cleared of large
trees {geaerally Pinus elliottii), although scattered
ocaks and two lavge cypress (Taxcdlum distichum) were
presetved. Stumps were not remcved prior to excavation,
but rarher, are bdbeing placed in the soll islandas.

The next step in loweriag the praject site to
mean high water wse to #xcavats thres new of expanded
tidal canals norchward from the original canal (Figure
&), These canaly were designed cto perform twe func-
tiona: (1)} to drain the ground and thereby facilitate
excavation and weil placement; and {2} to fncrease the
volume of water for flushing and exchange in the lowared
area. These canals are 6 = wide, with a depth wf .6 o
below mean ses imvel.

In order to achieve elevations that will suas-
tain visbie, productive stands of S. alterniflora and
Juncus, an average of approximately 1.3 w of soil muar
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FIGURE 4.

Approximate boundarier of the MAGT] marah creatiun project adjacent Lo the Delta Port subdivisioa.
The area 1dentifled {m approximately 52 acren.

The dottied line showa the approximate limit of

tidat Lnfluence and encompasnes roughly 47 acrea.

be removed. Tha wmitligacion wsite wua [irer topograph—
feally wurveysd and staked to ensure that cthe appropri-
ate elevations (0.1 m) are creacted. The primary goal
of the shaving-down program 1s to create elevations that
are subject to ar leamt occaslonsal tidal inundsti{on over
the entire alte, in order to replace the amount of eco-
logical wvalue thar was lost st the MAGTI prolect site.
Roughly 10 acres of the 40-acre wite will be planted In
Je roemerisnus and 3 scres will be planted in 5.
alterniflors. It {s probable chat natural plant succes-
mlon wi csuse this shaved-down ares o become vege
tated by a varlery of cther wetland wpecles as well,
including P. communis and 5- patens. For example, 3.

patens hsbirav will be formed sz the base of each upland
island.

Succensful c¢restion of ridalliy-influenced
habltat 1a facilitated by HAGTI's plan ko extend the
existing Juncus marsh to che zast. Thia extenslon bor-
ders the canal, which contributes furthes to tidal
tofluence in the excavated area, Excavation of the
ground aleong the cansl system o near mean aea level

#flectively widens the ares over which daily tidal
influance ia experienced.

Approximately 160,000 cu. ydw. af overburden
are being vedietribuced on the S4-acre site. This mate—
rial 4a wtochptled within a seeries of upland Lslands
that Taoge fvow 2.3 to 5 m high (Figure 5)}. The upland
Lalsnds will be seeded with an appropriste vegerative
cover {primarily, bermuds, bahia, and winter rye
acsenes). In addition, pine eeedlings will be planted
on all of the Lslende wnd osks and popcocn bLrews may

alac be planted. 50me oaks and orcher msat-producing
crees will be planted on the ialande Lo enhance cthelr
valur sn wildlite habltet {(e.g., for deer). Theswe
falands will encompams nearly 14 scres of the Gi-acre
alre.

Although the final excavated elevation wape
originally specified as +0.3 m M5 (l.e., HHW), NAGTI
decided to excavate to +3.!5 o along the cenal, along
new and expanded ridal canala, and {n the center of
created open aress. The resson for expending chis addi-
tional effort and cost was Lo ensure chat areas actually
aubtable for 5. alterniflora survival and growcth be pro-
vided, since the permit rfequired that the propecty he
shaved down to +0.3 = bur aleo required that 5. alterni—
Elora be planced on 30 acres of the site. In fact, we
eatimare that two-thirds of the new wmarsh will be at an
elevaticn conducive ro daily tidal {tnundation and 3.
alterniflora growth. The rtemaining chird ef the site
Wwill be at +0.3 m and will be suitable far Juncua.

Juncun arean will be aprigged wich plants
obtained from NAGTI'e adlacent marshland. Sprigs will
be dug by hand and will consist of plugs approximately 5
o square, containing several live stalks and root mass.
Sprige will be planted at one—merer intervals
{4050/ acre) 1n cne-pcre plotm wcattered eround Lhe aire.

S. alterniflora areas will also be planted
with spriga, which will be obtained from either m com-
mercial mource or from existing standa on NAGTI's prop-
erry, In addition, a test plot will be seeded with seed
collected from 5. alternificra =atands on Mizaigsippt
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marsah creation site.

Sound. These seeds have been ctrested as recommended by
Woodhoume et al. {1974) and will be ready for planting
during spring 1987. The cest plot will be seeded ot a
rate of approximately 100 visble meeds per square meter
(after-ripened seeds may have a viabiliey of over AOX &if
properly treated), This piot will be uased as a continu—
ing source of sprige if good germination is achleved,

S. alrerniflors aprige are to be planted st
five—marer intervala (167 /acre); however, a closer apac~
ing will be used and will decrease che tine needed to
obtain good coverage of the wsite. The expaged soil
coasints of silty clay with some fine pand. Most of the
atez's new surface soil alao containe organic material,
as well ap recelving nutrients such as nitvate and phos=
phate from the estuarine watets that eunter the project
area during flood tide. Consequently, no fertilization
of the new marsh fs anticipated. Woodhouse et »l.
(1974) found chat use of fercilizers is generally effec—
tive fn §S. alterniflora eprigging areas where the eub—
stratun coneists of sand with litele or no silet or clay,
or where surroonding vaters are low 1o nutrients.

Phase 1XI: Post-Habitat Creation Monitoring

Afrer aite preparation and required planting
have beeun coapleted, rthe sctage will be met for the fur—
ther development of the wetlaod comwonlty., It 1s ex-
pected from revieving previous hablcatr development
iovestigations (e.g., Allen et al,, 1578) that plant

invaeion whould rapidly repopulate the afte with the
species suited to this environment. As suggested by
Kruczynski et al. {1978), the vate of sprigged wpecles
population growth and native plant invasfon is difficult
to predict, Therefore, NAGTI will monitor the newly
created wetland site to ensufe that a reasonable level
(at leart 4800 plants/acre) of S. alterniflora and
Juncus (and other epecies auch as §. patensj establish—
went does occue, Semi-annpal rteports te the Mobile
District Corpe of Fngineers and the U.5. Fish and Wild-
life Service willi document natural wecland community
establishment of upland isiands, vegerarion and atabil-
ity, oo=aite sediment movement, and other relevant
ampects of habitzt development. Such reports will be
provided for three growing seagone, by which time an
average wetlgnd plant density of at least 4,800facre
should have been attained. If after three growing sea—
wons there were less dense colonization chan the pro~
Jected level, additional transpilsnting of 5. alterni-
flora and Juncus eprigs will be performed to estebliah
this density.,

Other aspects of werland creation at Weat Fowl
River that may be assessed during Phase II include wild-
11fe utilization of wupland 1slands, marshes, and open
water. Humeroum vertebrates have already been obsetrved
on the site, fncluding an alligator {Alligator missis-
sippiensis), black-crowned night heron Nycticorax
oycticorax), common egrec {Casmerodius albug}, snd green
heron (Butorides striatus}, sc of interest 1is the




colonization of mareh and canal sediments and wvaters by

invertebrates and fishes. There will he an invesmtigas-
tion of the successjon of henthic macroinfauns communi-
tise ae wall as imporcant fieh snd shelléiah populecions
af the marsh becomes watablished.

STATUS OF THE MARSH CREATION PROJECY

As 0! the end of January, 19A7, the encive S4-
acre mivtigation wite had besn surveyed and cleared. The
original canal wes excended to the enntern edge of the
nev marsh, and two new tidal canmls vere encavated
northvard from the canal te the northern boundmry of the
plaoned marsh creacton elre. Approximately 26 scres of
land have bewn excavated to marah elevation. Soil has
been placed in seversl linesr pilea rather then ia 0.2-
acre pilles sm orfglualiy planned, becaves of che added
voluwe of material generated by lowering the area to
#levacions of from 0.15 to 0, @ tnecead of 0.% m,

The highest parts of the excavated site are
inundeted by periodic high tidea (grnerally those caumed
by sustalned southerly winds). All but the tidal canale
are axposed during very low tides that occur during
auatalined northerly winds. The oajority of the wmarsh
site 18 flooded daily by lunsr tidees. During ebb tide,
watar flova out of the new area very rapldly: a velocity
of roughly 1.5 knots was estimated on ane occasion la
the original canal, near the existing Juncus mareh,

The next step in this project will be to shape
tha #01l twvlends, seed them with greamey, and begia
sprigging the excavated area. Very little eresion or
sileation from tha stackplled moll has occurred, despita
Tecant heavy rainw. At the sama time, tidal sovement am
well ae rainfall have cended to Emooth the surface of
the ancavated pite.

RECOMMENDATIONS

1. Procedural guides or manuals should be developed 1o
describe wvhen, where, and how wetland creation
should be performed, Thia publicetion would explain
iaportant cequirements for wetland development and

grovth, ss well es functions sought through wetlsod
creagion.

Z. (Oversight agencies should develop s foint plan for
monitoring construction and euccens of wetland crea-
tlon prejects. Such & plan would consider soil
characceristics, elevation control, hydrolaogy, vege—
tation survival and growth, and faunal communities.

3. Wetland cremtion banks should be considered am a
acane of providing attigarion for uynevoldable wet-
lacd losses, (n s carefully managed, demongtrably
succensful wetland creatian Progran,
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HISTORY, STATUS AND MATURITY OF ETATE LAWDS IN THE MDBILE DELTA

David C. Hayden

Department of Conwervation and Natural Rescurces
Gawe and Fish Divieion

Montgomery, Alabama 16130

ABSBTRACT: The Stace of Alabama owna approximately 13,000 acres of shallow
submerged and emergent marsh and forested lands in the Hobile Delts and when
funds are available, plans are Lo continue the acquisition of addicional prap-
erties from willing mellera., The Alabama Department of Conservation and Natur-
al Resources, Came and Fish Divimion presantly regulates the major portion of
this property plus the bay and atream bottome. The Game and Fish Division is
corrently acquiring additicnal zcreage with the ultimate goal of conservation
of the nature! system and perpetuation of thie unique #nd invaluable wetlands.
The impartancs of natural wetlands in the State of Alshama caonot be over=
euphasized, especially that: of the Mobile Delta. Cootinuation of exiating
surveys snd ephancement projects are plannad. No curtailment of exiating tra-
ditional huoting, fishing, trapping, bird vatching and other outdoor activity

is anticipated.

IFTRODUCTION

The State of Alsahamn owna approximately
13,000 acrea of land in the Mobile Delta. Tn
additien, all water bottoma are State property.
Therefore, in excean of 70 percent of the Lower
Mokile Delts is controlled by the Srate of Ala-
bama. This srea includes the lande asnd water
bottoms of Grand Bay southward to below the
Causeway, cantward to nesr Spaaiah Fort, north-
ward through Bay Minette and Bay Minette Baain,
and thea generally weatward to Grand Bay. Un-
fortunately in the Upper Mobile Delta, State
holdinga are not nearly as exteasive; however,
suffice ta may, we would be more at ease if the
same were true in the Upper as in the Lower
Deltw. Approximately 3,000 acces plus water
bottoms are under State contrel. The majority
of this property ia located northeast of Chuck-
fee Bay.

HISTORY

The Department of Conservation and
Natural Resources, Division of Game and Fish,
regulates the vast majority of these lands.
Duriag the 1950's, the Divinion purchassd ap-
proximately 3,850 acres in the Lower Mabile
Dalta with revenues provided through Federal Aid

to Wildlife Restoration {2lso known as Pittman-
Roberteon) Funds., {In 1982, about 3,700 acces of
property were purchased with oil and gas reve-
gues. HNearly 3,000 acres af this is sitvated in
the Upper Delta and the remainder in the Lower
Delts, Swamp and overflew lands acceunt for
nearly 2,900 acres with ownership being held
partially by the Division of Game and Fish and
partislly by the Alabama Mental Health RBoard and
the Alasbama Department of Meatal Health and
Mental Rerardstion. Land formed by mccretionm
zccounts for approximately 3,250 acres.

Aw part of the mitigation for wetlands
loss at the Frank Jackson State Park at Opp, the
Alabama Mental Health lands were dedicated to
sound wildlife management principles with the
Division of Game and Fish being tesponsible for
managewsnt of surface rights. With this dedica-
tion the Division presently regulates the major
portion of the surface lands as well as the
water bottoms.

STATUS

So what does all this mean? This does
not mean that the Division of Game and Fish or
the Department of Comdervation and Natural Re-
sources im satisfied to mit on what we have. We



¥now what has occurred to wetlands in other
avesn. We deaire [o own and Tegulate even more
of the Mobile Delta. At the present time, the
Diwieioan of Came and Fish haw one traneaction
underway, Through the Duche Unlimited MARSH
{Matching Aid tn Restore Stutes Habicat) Pro-
gtaw, the Division may receive woney ta acquire,
enhance nr restors waterfowl habicai. We are
curreatly in the process nf purchasing sppromi-
mately 284 screw of wetlands between Chacsloa-
chee and Big Bateas Baya. Thin properiy ie fiow
heid hy Comstal Land Trusr. We plan to utilice
additiaonal DU MARSH Funds for more acreage in
the same area if the Coastal Land Truat is still
willing to tranafer the tands to ve. 1n addi-
tion, the feeling in ap stroag that this wetland
ares is of the utmost importance, the Division
plans to commit an equal smount of other {uods
te obtain aven mare propsrty. The additional
revernus nmay come from Alabama Thuek Stamp Funde,
Pittman-Roberteon Funde, or other swources that
way become available.

In the Upper Delta, one traneaction iw
aluo active, Approximately 300 accees iosmediats-
ly adjacent to and nocth of the present holdinga
should aoon be purchasesd by the Department.

Thia land 1s part of the Frank Jsckson State
Patk mitigation program and is currently held by
Scott Paper Company. The wetland area will be
managed in accordance with sound wildlife man-
agewent practices a9 will al} other lands.

Flans are Lo continue EcquitTing wel-
lande when funds ere available and where land-
ownern are willing sellera. Thus far, this
approach haw been wvery succesaful and the De-
pariment certainly desires that the mutually
satinfactory relationship continues.

OBJECTIVES

The primery objective of the Game and
Fish Division im to obtain ss much of the Mobile
Deltm as practicable and to practice aound con-
gervation principles. The perpetustion of thia
unique and invaluable rescurce i3 our sim. The
value of wetlands cannot be over—emphasiced.
This value has been dimcussed by many individu-
ale. Just to briefly mention n frw, we know
that the diverse ecosystem is highly productive
reaulting in large exchanges of specire, energy
and nutrieats between the terrestrial and aquat-
ic environmeasts (Whartton 1980). Wetlands im-
prove water quality by filtering or removing
pollutants from the water (Odum 1978}, Warer
flow is slowed, thereby reducing the potentizl
adverse effectn of flooding during high water
periods. Water is atored and calessed during
iow water periocds., Metlande contribute aigniFi-
cantly to groundwater recherge (Winger 1986},
Tn wmaay aress wetlands provide greenbelts in
what would other wise be o totally developed
ares (Odum i97%). Both recreational and commer-
cial cpportunities are aftforded by wetlands,
particularly by those as extrasive and produc-
tive as the omes that lie in the Mobile Delta.

The Diviaion plane to manage the wet-
janda for long—term ratural benefite. The bene-
fite everyone currently rTeceives are too great
to sacrifice for any ill-advised shorr-term
gain.

REY SPECIES AND CROUFS

When dismcusning key apecien or apaciea
groupe, difficult deconiona and differences of
npintana are freguent. From the Usperiment 's
puint of view, the Detta s of particular impor-
tance o waterfowl, apert {ugh, shrimp and
crahs, wading and shore birde, and alligators.

The shallow marshes of Che Orita have
bren extremely benrficial to watesfawl for yrarn
and are probably ol even more importance now,
dur to the loas of marsahes in alher doutheren
stated. Faicly large numbeca of waterfowl uti-
lige the arra in (all and spring migration and
many birde winter in both the marsh and flooded
timber (Seshrars 1979). The importance of mi-
arationg] and winfering habitat has cecentiy
bren emphasicrd in the Marth American Waterfowl
Managemsent Plan, a4 atrategy {or cooperation he—
tween the United States and Canada. e of the
prigrity wint#ring arean identifird in the lower
Misnimnippi River-Gull Uoast regron. Ower
three~fourthn of thia regian's hahitat has been
lost and moat of the remainder im unprotected
(U.S.D.1. 1986).

The Mobile Drlta is eateasively utiliz-
ed by sport [iahermen. The habital .pravides For
s variety of Lreshwates mpecies and, during
periode of low river {low, several marine ape-
cien of spact fiah intecest (Tucker 197%).

The importance of the aeafood induatey,
sepecislly shrimp and craba, te the lecal area
an well an the Srate of Alabama 1n well docu-
mented. MWetlands around Mobyle Bay contribute
significantly to these apecies. The Lower
Mobile Delta 1a imporcant as nuraery and feeding
grounds {or shrimp and craba, and aleo for oany
of the fiah apecien. We must avoid, if at ati
possible, sllowing any pollution, prriads of low
disaplved omygen, habirat destcuction, and other
fectovs detrimental to the ares.

Wading and shore birda are snother
importaat species group. Large numbers may be
obeerved in the shallow marshes during the fall
and apring migration. However, many of the
wading bird aprcien can be observed throughout
the year in both the marshes and forreted lands.
Johnwon (1%79) reported three oeating colonies
of wading birde and one neating colony of shore
birde in the Delra. All were active colonies at
the time of the survey.

The American alligator is alao conaid-
ered g key species in the Mobile Delta. The
alligatar is a common predatar capable of can-
auming any other animal! mpecies occurring in Fhe
wetland area. Evwen though the American alliga-
tor is currently limte~d ap an endangered spe-
ciew, that status in under review by the U, 5.
Fiah and Wildlife Service and may be down-listed
to Threatened by Similarity of Appearance. The
Game and Fiah Division supports the down-listing
and was not in support of the endangered status
in Alabsma initially. The influerace of the
alligator in the delta has been and should con~
tinue to be of major importence due to their
siee gnd numbera, their diet and their sssociat-
ed myatique.

13
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FROCHAME AND PADFOSALS
Current Projectn and Surveys

The Game and Fish Divieion is currently
undertaking a number of programe in the ares.
Several have been co—going for & number of years
and plans &re to continue theme programs.
Beshears (1979) reported on wintering popula-
tions of ducka and coots in the Lower Hobile
Delta. The pre-hunting aseason (November) and
mid-wvinter (January) duck and coot populations
(Table 1} have declined over the past eight
yesra. This decline can be attributed tec a num-
ber of Factors including: 1) overall lower con-
tinental populations; 2) weather conditions at
the rimes of the surveya; 1) use of adequate
habitat to the north (frequently termed "shore-
stopping"}; and possibly, &) reduction of desir-
able submerged squatic duck foode. Thear are

the same factora meantioned by Beshears in 1979.

Another aurvey conducted snnually ia
the waterfowl hunter bag check. Beshears (1979)
reported |.64 ducka and 2.30 coots per day for
the Delta, considered good for a public shooting
area. For the past eight seasons (197980
through 1986-87) the success has remained high
with 1.97 ducks and 1.95 coots taken per day of
hunter bag check (Table 2)}.

The species composition of waterfowl
teken in the Lower Mobile Deltn hus varied mome-
what year to year; however, aince 1953 the most
important birda have been green-vinged teal,
scaup and gadwall. This was true from 1953 to
1478 (Bewheara 197%) =nd aleo in the past eight
seasona (Table 3). Mallards, a preferred ape-
cies, have remained very low on the list of
birds in the bhag.

Kovember January
Year Ducka Coske Duckn Coots
1979-80 5,800 7,400 14,000 12,000
1980-81 8,600 25,000 13,500 16,700
1981-82 7,700 11,300 7.900 22,100
198283 7,800 10,200 8,600 10,300
1983=-B4 4,500 19,000 9,300 12,300
1984 -85 7,400 5,400 5,100 7,900
I9B5-86& 2,600 6,500 8.4000 12,400
1986-87 1,200 10,600 3,800 4,800
Tabla 1. — Wintering Pepulatione of DPucks and Cocota in the
Lower Mobile Delea.
Huntern Hourns Hourn/ Duclhs Duckn/ Coots Coats/
Year Checked Hunted Honter Checked Huntes Lhecked Hunter
1979-80 297 1015 .42 LT 1.1 517 1.74
1380-81 288 1070 3.72 468 1.62 345 1.20
1941-82 210 B30 3.95 628 2.99 328 1.56
1982-43 221 9314 4.23 629 .85 603 2.73
1983-84 249 951 3.54 363 1.35 533 1.98
1984-85 92 442 4,80 J1¢ .41 267 2.90
1985-8& 25 97 3.8 31 2.64 56 2.0
1986-87 117 510 4.36 [29 1.10 309 2.54
Table 2. — Waterfowl Harveat and Hunting Pressure in the

Lower Mobile Delra.



Nor. G.W. B.W. Amer. Kor Red- Hing-

Year  Hal. Gad. Pin. Teal Teal Wid. Shov. Head Neck Scaup Rud,
1979-80 3.1 9.4 8.3 6.0 5.7 1.8 14.5 - 2.1 2.4 A.7
1980-81 1.0 14.% 1.8 .h 7.7 12.8 1.9 N L] .0 13.9
19A31-82 5.1 1.5 1.9 4.7 6.7 1.7 1.0 .8 1.4 2%.1 4.1
1982-83 8.4 A1 1.5 m.1 11.5 4.1 5.7 .5 1.0 141 2.7
L¥81-84 1.9 6.1 2.2 136 17.4 2.K 11.0 1.4 5.0 Gl A.Y
1984-85% |.G 1.9 1.3 0.1 1.1 - 5.3 1.6 3.8 27.9 4.4
1985-8% - 1.6 - 1.6 1.6 - - 3.3 - as.5 1.6
1986-87 - t5.95 - 1.0 %3 3. 7.0 1.6 9.1 1a,.71 10.1

Table ). — Species Composition {Percent! of Commonly Harvested Ducks in

Lower Mobile Deita,

An alligator aurvey has been conducted
in the Mobile Delta Eor 4 number of years in a
cooperative program throughout the southeastern
United Scetes. The number of slligators has
remained comparatively high during thie period
but has fluctustwd becsuss of weather conditicas
and events (wuch ss hurricanes). The wmize aof
alligators obeerved hae aleo varied ta sowe
extent but has bean basically what was expected:
wany snall, woderate aumbers of medium-sired,
and a few large animale.

A new program begun this year in the
Detts was the erection of wood duck nesting
structures. The wood duck is the only wsterfowl
spacies commonly westing in the state. AL one
time the eprciws was in serious jeopardy
throughout ite range but haw recovered to a
great extent. We believe that sany curvent land
managerment practices heave been detriwental to
the wood duck. Such practices includa: hardwood
timber replaced by coniferous timber, cutting of
over-maturs hardwood forests, elimination of
snags and treed with hollows, coaversion of
foreat lands to agricultural lands, eliminstion
of beaver ponds and many drainage programs.
Flacement of nesting structures in adequate
habitet should echance the opportunity for wood
duck nesting. [f adequate gesting cavities are
lacking, & nesting structure program could sig-
aificantly incresse the oversll wood duck pro—
duction throughout the stetw.

Some of the other Division programs
that are on-going will be discuseed at other
times during this symposium, These programs
include squatic plant surveys, Eurasiasn water-
milfoil management, Eiah populstion surveyw snd
hybrid wtriped bass surveys.

New Activities Conmidered

A oumber of other poteatiel projects
have been proposed and discussed; however, a
final decision has not been made at this Eime.
Awong thewe are the: 1) prospects for a4 temident
Canade goose fiock; 2) erection of oeprey neat-
ing platformn; 3) wtudy of effecta of marsh~
burning; and &) erection of an observation plat-
form similar to the one near the U.5.5. Alabama.
Many deigiis muat be considered and discuseed
prior to & final decision concerning each pro-
ject. For example, sowe of the itema dircumased

thus far relative o Canads geeae have bewen:
could thr gerae be adequately protected initial-
ly, would sporteamen respect 4 <laned acanon an
Canada grewe, would an adegquate winter food
supply be avarlable, would neat predation be roo
severe to allow hatching, could hatchlings auy-
vive or would we juat be providing an rasy mral
for an alligutor, and the list goes on. Free-
flying Canada greeor could he amathetically
pleaning to thoss that enjoy the Neles and, per-
haps womeday could add & amall But new dimensron
to the waterfowling exprrience. However, we
deaire to provide beneficial programs to Lhose
that entrust ue with the responwibilities of
resource manigement. Many times the decinions
are not essy and are not guickly determined.

HATORITY

50 what is the maturity of the Mabile
Delts from the Pvision's stundpoint? An I
mentioned we plan to continue the acquiaition of
property when both funde end willing aellers are
avaitable. No immediate planas exiat to place a
mansager oo the area; however, it is not uarea-
sonehle to anticipete thet one may be on the
Delta in the future. At the present time,
scquiring as much natural werland as possible i
the primary objective. Enhancing the araa ia
secondary. Tf the land iw nolt protected [irat,
how can it be enhanced? No curtailment of the
existing treditional uses ia anticipated. Hunr-
ing, fishing, bird-watching, boating, trapping
and the many other on-going outdoor activitiea
are sncouraged.

Oue importent change will occur in the
near future and the change will be significent,
eapecially from the hunters standpoint. Begin-
ning with the 1990-91 hunting eeason, waterfowl-
ers in Baldwin and Mobile Countiea will be
requized to ume non-toxic shot. Thie 1s aecen-—
aitated by the regulations developed by the U.
8. Fish and Wildlife Service and litigarion
brought by various groups. This is & require-
ment that many pecple dre not pleased with, how-
ever, it is & law that everyone can live with
and muat accept. Therefore, let all of us work
tagether with the idew that wildlife will bene-
fit Erom the vegulation.
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SUMMARY

The value of the Mobile Delta wetlanda
cannot be over-emphawized. Acquisition of these
lands and protection from all detrimental im~
pactes should continue. The Division of Gawe and
Fish is & rescurce management oriented agency.
The ultimste goal for the Delta should continye
to be canservation of the natural aystem and
perpetustion of this unique and invaluable wep-
lande. Exieting programa and wurveys rthat pro-
vide a wesns of monitoring some of the key aspe-
cies or species Eroupw should be continued and
expanded when juetified. Enhaocement programs
should aleo be initiated and expanded ap war-
ranted.

LITERATURE CITED

Besheara, W, W., Jr. 1979. Waterfowl in the
Mobile Estuary. Pages 249-262 in H. A,
Loyacano, Jr. and J. P. Smith, eds. Sympo~
sium on the Natural Resources of the Mobile
Estuary, Alabama. U. §. Army Corps of Engi-
neers, Mobiie.

Johnaon, P. G. 1979, Wading birds of coantal
Alabama. Pages 225-248 in H, A. Loyacano,
Jr. and J. P, Smith, eds. Syposium on the
Ratural Resource of the Mobile Eatuaty, Ala-
bama. Y. S, Ammy Corps of Enginesrs, Mobile.

Odum, E. P, 1979, OCpening sddrews: Ecological
importance of the riparian szone. Pagea 2-4
in R. R. Johnson and J. F. WeCormick, terh.
coorda. Strategies For protection and man-
agement of (loodplain wetlands and other
riparian ecomystems. U. 5. ¥or, Serv., Gen.
Tech. Rep. WO-137.

Odum, H. T. 1978. Value of wetlands as domes-
tic ecoaystems. Pages 9-18 in J. H. Montana-
ri and J. A, Kusler, chaicoan. Proceedings
of the National Wetland Protection Sympoaium.
U. 5. Fish Wildl. Serv., FWS/0BS-78/97.

Tucker, W. H. 1979. Freshwnter fish and fish-
eries rescurces of the Mohile Delta. Pages
157-166 jin H. A. Loyacamo, Jr. and J. P,
Smith, eds. Smyposium on the Natural Re-
sources of the Mobile Eatuary, Alabgms. 1,
5. Army Corpa of Engineers, Mobile.

U.5.D.T. 1986, Morth Awerican Wacerfow! Man-
agement Flan: A& Strategy for Cooperation. U,
5. Department of the Interior, Fish and Wild~
life Service and Environment Canads, Canadian
Wildlife Service.

Whattoo, C. B. [9B0. Values and functiona of
bertomland hsrdwoods. Trans. N. Am. Wild?.
Hat. Reaour. Comf. 45:341-353.

Winger, P. ¥. 198%. Forested Wetlands of the
Southeant: Review of Major Characterisrics
and Rele in Maintaining Water Quality. U, s.
Fiah Wildl. Serv., Resour. Publ. 161.

P



HARITAT PRESERVATION, RESTORATION AND MITIGATION

Summary of Panel Dimcusmion

The partlicipants on the "Habitat Preservation, Remtoration and Mitigation
Panel were:

Moderator: Larry Goldman, . §. Fish and Wildlife Service
Art C, Dyms, Coastal Land Truat, Inc.
Jerome T, Carroll, .5, Fish and Wildlife Service
Davia L. Findley, U.S. Army Corps of Enginecrs
Hugh M. Dowling, Towling Environmental Inc.
Barry A. Vittor, Vittor and Asaccintes Inc.
bavid C, layden, GCame and Flah Diviaton, ADCNER

INTRODUCT ION

Six general topics were covered during the panci  discussion, The
topices pertained to the relative value of welLlunds c¢reated by man trom areas
that were (formerly uplands versua values of nmatural wetlands, and to the
policiea and procedures being followed by the state mnd federal  agencies
that administer and participate in regulatory programs which contrel men's
use of Mobile Bay's natural habiver. The six topics end o synopsis of  the
panel discussion are listed below,

HUMAN CREATED WETLANDS VERSUS NATURAL WETLANDS

When mitigation projects call for the reatablishment of  emorgent
wetlanda (marsh or bottomland hardwood forest) by converting upland areas
{through excavation) to elevatlions where adjoining water bodies will
tempararily f[lood the site, do we mctually get a full replacement of  &all
wetland values found on natural ajtea? Consultants on the panel believe that
ull values anmociated with projects of this type are retlerted In  aewly
created wetlands, with one exception. The one exception is that such areas
cannot provide a fully mature wetland halbitat., This is particularly true {oc
foreated wetlands where Lt is net possible to immediately rteplace mature
trees. Connaultants belteved that such created wetlands are producing plants,

dectrleal export, wildlLife habitacr, and providing Lhe flopdwater
accommodation and water flltering functions assocliated with 8ll natural
wetland areas. The U.5. Army Corps of Engineers and the Environmental

Protection Agency are currently initiating research programs ta determine
more preclsely the relative values of human-created wetlands versus natural
wetlanda, including arees in the southeastern United States.

FEDERAL AND STATE MITIGATION POLICIES

hre the methods and polictes used by federal and state agenctes to
determine the type and amount of mitigation necessary to compensate for
habitat destruction satisfactory? <Consultanta on the panel did not express
concern with methods used to determine the amount of mitigatrion necessary
far given oprojects. However, they did express a concern that existing
mitigation policies spprared to be narrowly focussed on creating "in-kind"
replacement for destroyed wetlands, That is, creation of a wetland Lype
mimilar to rhat destroyed by permitted ectivities is usually required by the
agenciea. The canaultants onr  the panel felt that alterrative forms of
compensation, such a3 placing threatened private wetlands in the publirc
domain, should be given pgreater credit and consideration as a habitar
preservation mechanism In terms of mitdgation measures. They also strongly
helieved that there was a need for definite specific guidelines to he
developed for application to mitigation measures in terms o! what should be
accomplished, why and how it should be carried out.
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MITIGATION AS JUSTIFICATION FOR WETLAND DESTRUCTION

Is habitat mitigation being wuvased to Justify the ingappropriate
destruction of wetlands? Concern was voiced from a conservationists
viewpoint that federal and state agencles have embraced mitigation te the
extent that it ig being used Inappropriately as a tocl to Justify
degtruction of wetlands. Specific concern was also volced about accepting
mitigation =sites in eptirely different ecosystems from where the impact
takes place. Alse, concern was expressed about the lack of followup aon
mitigation projects to assure that they were construcred according to
approved plans and achieve the desired results. Federal and State agencies
indicated that they will scon be Jolning tegether to establish a formal
mitigatien followup program that will be focussed on  assuring cempliance
with permit conditions and determining how imprevements can be made in
future mitigaticn projects,

MITIGATTON AND PERMIT ISSUANCE

Does mitigation actually amount to buying = permit? Agency-
representatives indicated that a great deal more complex evaluation is
carried out for a propesal that will destroy hablitat than just determining
it mitigation 1s appropriate and/or adequate, The Corps of Engineers
examines closely the water dependency of proposed permit activities,
including those that involve some habitat destruction. Many factors, such as
water dependency are <closely examined before a decision Lo require
mitigation is made by the Corps of Engineers. Those factors are analyzed to
assure the activity is in the public interest. 1In some cases, these fackors
are not resolved and the permit is denied or withdrawn. While a lot of
mitigation projects are carried nut by large companies, some smaller groups
have also carried out mitigation actions. Also, it was recognized that while
large projects proposed hy large companies heve invelved mitigation measures
smaller companles and groups tend te propose smaller projects. Often these
smaller projects can he modified to eliminate or minimize environmental
damages and the corollary needs far mitigetion. These amaller prejects often
have other alternatives, whereas the large corporations by virtue of
existing plant sites of a need ro be near deep draft navigation channels are
often very vrestricted in their alternatives and must rely on mitigation
MEABUTEs.

MITIGATION AND DEVELOPMENT

Where does mitigatieon fit in with an overall development plan?
Mitigatien thas been viewed as a means to mllow destruction of wetland areas
in certain places. It was pointed out that mitigation is often debated 1in
context of larger {ssues, particularly the quesation of whether new major
facilities should be located in designated industrial areas with access  to
deep draft navigation <channels and in the process destroy some wetlands
(that are in turn mitigated) or whether additional large-scale develepment
should be forced into areas that have never been impacted by development.
There was widespread recognition that additional development should best be
directed through an overall comprehensive plan toward areas already
generally developed, particularly those having deep draft channel access,
with mitigation provided as appropriate.

PHILOSOPHICAL QUESTIONS

Conservatianists expressed concern that as wmitigation has been
practiced, anrn overall loss of wetlands was centinving te occur and some
parts of the ecosystem were being sacrificed while unrertain mitigation
actiens were being carried out in different areas, They ©believed thsr
primary emphasis should be on protection, and further research should be
carried out to determine the value of human-developed wetlands,



THE KISSISSIPPI-ALABAMA SEKA GRANT CONSORTIUM EDUCATIONAL PROGRAM

Sharon A. Welker

Bducaticn Specialiat

Misvivsippi-Alabema Seqa Crant Consortium
Ocean Springw, Mimsissippi J95%64-700Q

ABBTRACT: The mission of the Matiooal Sea Grant College Progrem is to
strengthen the understanding, use and conservation of our Wation s ocean and
Great Lakes rescurces through research, edocation, and public oubreach.
Coincident with this missicn, u primary goal of the Mississippi-Alabama Ses
Grant Coneortium (MASGC) iv to emhance the marine literacy of peaple withie
Misuissippi and Alabams through incressing avareness, understanding, and wise
use and davelopment of our coastal and marine rewources. Kistorically, the
educational component of the Coneortium has represected s significant portion
of the total program «ffort. The educatiopal zlement ioteracts with the
resaarch componant to prowote formal education wod in conjunction with the
%aa Grant Advisory Service (SGAS) Lo merve as & vehicle For public education.
The MABCC sdutatiopal component hes schieved both regivasl and national
racogaition. A primary educationsl achievemetnt bes bero the six-year
development apd publicetion of & senior high school curriculum series, Man
and_the Gulf of Mexicop {MGW}, Another major schievement has beeo the
mipority aducation sfforte conducted at Jackaon State University (J5U}. Ses
Crent embodias & full range of educational activities withino the Sea Grant
trilogy of rwsssrch, advisory service, and educational components.

INTRODUCTION

For those of you unfamilar with Sea Crant, I
would like tu share with you this beckground
informatica. The Mational Bea Crant Program waa
created oo Dccober 15, §965, with the signing of
Public Law B9-688, The Natiooal Sem Craat College
and Progrem Act, by President Lyndon B, Johnoseon.
The term "Sea Grant” emphasizes the parallet
betwesn the Nation” s preseat need to study ite
marine environment and the past nesd to develop
the Land, vhich was estsbliwbed witk the signing
of the Rorrill Ace of 1862. Juat as the Land
Grank Progrem is credited with a major rolte in
darsloping the Nation s preeminence im sgricuvleure,
0 is the 5¢a Graot Frograwm striviog to achieve
similar euccess io the marice area.

Bws Grant is a partnership of goverument,
inetitutions of higher learviog, and industry
which iv comprised of 29 programe througbout the
country. Sea Crant svarde sre made predominantly
to Lapd GCrant colleges and universities. Every
cosetal and Great Lakes state (except Pennmylvannial
bes & Sea Grant program, ws wvell as Puerto Rico
and the U.E. Trust Territories. The basic gousl of
the Wational Gea Grunk progrem is to enhance the
development, couservation, proper management, and
economic upe of our country v marine and mquatic

rescurces. This goal ise sccomplished through
research applied to currwnt problems, s=ducation
and training, and through the Sea Crant Advisory
Bervice which is responsible for the cranefer pf
technology and research from the labeormtory to the
public.

The Mississippi~Alsbama Sea Grant Canwortiuve
{MASGC) is one of only three, two-state programs
in the Maticn. Thete are pine member instituticns
within MASGC: Auburo University, the Gulf Coast
Resecarch Laboratory, Jackeon State University.
Miswissippi State Univerwity, the University of
Alabams, the University of Alwbame at Birmingham,
the University of Mimeiamippi, the University of
Sputh Alshama, and the Univerwity of Scuthern
Missiswippi. The Consortium has Sea Grant
Advisory Service officer in Biloxi and Mobile.
The aduministrative cffice is housed at the Gulf
Const Rewsarch Laborstory io Dcean Sprimge,
MHissiesippi.

Before I begin with the educational
chjectives of the Consortium, [ would like to
whare some paticpal educaticpal report findinge
with you. Within the last decade, there have beea
many (e.g. "A Nation at Hisk," National Coumission
on Excellence, 1983; and "Educating Americens for
the 21t Century,"” National Science Board, §1963)
which have indicated that America’s public achools
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are not meeting the national need in praoducing
informed students capable of meeting the scientific
and technologicel challenges which will elter our
immediate enviromment, as well am our world.

The National Forum for Schocl Science (19B6)
report revealed that 65 percent of our country e
high achools requive one year or less of sciepce.
In 1981 the National Center of Educationel
Statietice reporred that less than 25 percent of
our high scheol students take three yeara of
science. . Through personal communication with the
Btate Departments of Education inm both Missimwippi
and Alabams, I have learned that all 1986 high
school gradvater in Miswissippi are presently
required to take two years of stience; as g
district mandste a pumber of Misminaippi schools
require & third year of science for graduation.
Alabama gradustes are required to take two years
of scienre for & stendard diploma and thres years
of acience for an advarced diploma.

The one bright hope which glimeers on thiwm
"cloudy" technological horiron is the clemsroom
teacher. In l97B the Nationel Science Foundation
teparted that "What science education will be for
any one child for any one year is most dependent
on what that ¢hild”s teacher believes, knows, and
dees ~ and doesu’t beliwve, doesn™t know, and
doesc"t do., For essentially all of the science
learsed in the school, the teacher is the ensbler,
the inspiration and the constraint." 1In fectk, the
tezacher is the key to reversing the dangercus lack
of inktereat in science by the coming geveration.

In 19680 Elein repotted that since the teacher
is the most important instructionsl variable,
great deal of attenticon should be given Lo the
temcher s vwn background and sxperience. Staff
development at both the pressrvice and inasrvice
level i esmential if teschers are to remmin the
key in producing a ecientifically literate
populace. In 1986 Stone revealed that the area of
marine education was particularly lacking inm that
most science methode courses are focuaed on the
wore generel discipliunes of biclogy and phymical
sciencew. MGH teacher inmervice workshopa have
been instrumental io providiog marine concepta and
activities for the participants to utilire in
their cleearooms, thereby striving to develop a
cadre of teschers motiveted toward inetilling
marine educstion in both inland and coastal
classrocme.

BJECTIVES

I would like to discuse the educational
cbjectives of the Consortium from the viewpoint of
these repearch findings 2znd the needs of the
citizens of Mispisaippi and Alabama. Our primary
ob jective is to enhance tha marine literacy of
people within Mispisnippi snd Alabsma through
increasing awatenews, understanding, snd wise usse
and development of our cosstal and marine
repources. In oor view, meeting this objective
ehould begin through the educatior of our young
people. Before contipouing, let me share two

recent educational success stories with you. The
firat ie that of the development and publicarion
of the i (MGH) curriculum
series for grades 10-12.

This series has met an educational need
within high schools on both n regional and
national basis, because it provided the
availability and use of marine curricunlar
uaterials for both students and teschers in the
clasarcom.

Although the primary objective in the
developwent and publication of these marine
curricular materials has been to educate students,
it became apparent during the MGM field-testing
period that teachers needed te either learn or
augment marine concepta which were outlined within
the aeries. Therefore, teacher inservice workshope,
to include preservice teachers, were an indirect
result of the development and publication of the
HGH series.

There are presently over 1300 teachers
predominantly from Missiseippi, Al abama,
Lovnisiana, Florida, Texas, and Arkansas, who have
participated ip these intensive short courses
during the pest win years, In 1983 Irby revealed
that theee MGM participacts have returned to the
classroom and have either infumed marine
educstional activities within existing curricula,
or created new curricula for secondary school
level students. It was further reported that both
inland and coastal atudents master MGM sub ject
matter equelly well and that these students gain
content knoovledge and develop pomitive attituden
toward the marine epviromment. It should be noted
that the MGM series ia presently on the Addendum
to the Louisiana Seate Adopted Science Textbook
linting, Further, it ia anticipated by the MGM
Principsl Investigmtor that thia series will be
placed oo the Missiasippi and Alabawa State
Adopted Science Textbook listing in 1987 and 1988,
respectively.

Another highly successful program initisted
by Sea Grant wae developed by Dr. Sylvia Morgan of
J5U, a historically bleck institution. The
program design alloved a faculty team, ueing
strict criteria, to select five post—sophomere
¢tudents from one of four dimciplines: geclogy.
biology, chemistry, or physice. These atudents
apent one ¥Yeatr inh an on—campus marine research
training program with ap appropriate mentor. Four
aof the students spent the summer of this one-year
program at the Virginia Inetitute of Marine Scieace
(VIMS) and one student went to the Duke Marine
Laboratory in Beaufort, Worth Carolina. During
this ten-week immersion in marine science, the
students developed, presented, and defended their
tesearch. Am g direct result, tecrTuiters for
interns from Michigan, California, North Carolina,
and ¥irgicia have contacted JSU for Lrainee
placement. All of these students have remained in
science, three in marine science and twe in
wedicine. Two alternates, ipn the summer of 1985,
attended VIMS, one in compuber science and one in
biology. Ihrough pereons! communicetion with Dr.
Korgan (1986}, I learned that the president of JSU



hae received a letter from VIMS requesrting Theur worknhopr have besn supported both by
vtudents for the summer of 1987, tuition and grant funde.

To complement our primary objective of Clpae contacts have been maintained with

enchancing the marine liteéracy of the populace warine, scientific, and esducatjonal communitiea
within Miswissippi and Alwbame through increasing through the divsemination of a nuoher of

the awarenesd, undetatanding, and viee wse and recucriog newsletters and other publications to
development of our marine and coastal resources, irform these invididuale of etucationsl

the educational element haw four mdditional rescurced aveilable through Ses Grant or other
objectives: 1) to conbinue to monitor, mssess, MATINE Programs.

and cuerdinate the marioe and coastal educational

arnd informational needs of people of Missiswipp: A highly successful, national Sea Grant

and Alsbems; 2) to develop and implement programs taternehip was completed in 1985, The

which respond to those needs auch aw fecilitating internahip was served with the National

the fellowship program, continuing to promote Advisory Cotanitter on Oceans and Atmosphere in
student temsarch within MASGC member instiltutions, Washingtun, D.C. by &4 lav wiudent from the

sod mpintaining science fair partici:pation; 1) to University of Hissiewippt. Additionally, three
disseminats Sea Crunt resemrch through workshops internshipn were sponsoced by MASGC.  One st
#nd presentations to educational professionals and the sdministrative HASGE olfice, one

civic organitations as well as through medin; and cooperatively with the Alshama Sea Grant

4) to foster an sdvcationsl exchange betwesn Sea Advisory Service and the National Marine
Crant educators, nationwide, and educalors in Fiaheriea Service, with the third internahap
other state and federal ggencien. being #served 10 che Hissisnippy Sea Grant

Adviwory Service. Through thess nativnal and
local programe, highly ahalled and mafivated

APPROACYH individuale have beren provided the opportunity
to work closely with goverament agencies or

cther organizalions as pecticipente e varying

In order to meet these chiectives and define profesvional levels within that agency or
aress of opportunity, our professional stsff and organization.
BGAS program leaders frequently visil our nine
mamber institution cumpuses. The process iovolved « The MASGC, the University of Southern
in program development activitiew following the Missinnippi {USH}, and the Naval Ocran Research
campup viaita intludes: proposal development, and Develrnpment Activity (MORDA) hosted the
review, evaluation, and implementation. Misnimaippi Region ¥I Science Fair. The
Additionally, the education specialivt sttende Consortium provided first, second, and thard
wtate science teachers” meetings, evalustes and place trophies for grades one through twelve.
TEYLEWE WATUNCTIPLS, coOperatively coordinates and NORDA provided the facility, snd USM provided
conducts workshops and seminars as oeeded, the registration and computer data. This
interviews MASGC principal investigators and involved mix counties and over 1,500 mtudents.
preperes quarterly progrese reports, and seeists On & state level, one studeat from Miwwiseippl
in the dissemination of six Sea Grant supported and ooe from Alsbama nre velected am recipients
newaletters and other publications. Thus, through of the esteemed Sea Grant Scholarship Avard,
the cowbination of these nctivities, results of which involves support to the Discovery Hall
Sea Grapnt research are broadly available to not Program offered at the Dauphin Island Sea Lab.
only the scientific community buc sleo the general
puwhlic, « A continuation of the MASBGC competitive

Graduste Fellowship Program for students
attending member institutions was initiated in
ACCOMPLISHMENTS 1983 (Table 1). In 1986, MASCC swarded ita
first undergraduate fellovships, with four
fellowships avarded to srtudents attending

Becent MASCC educetional schievewsnts are as wewber institutions. The students were
follows: provided the cpportunity of attending one of
two marine research lsborstories in Alabama and
+ A twor-week Bahamian field trip for HMismissippi Miasinaippi. Thin summer etudy gives the
and Alabama secondary school teachers and xtudents an opportunity to engage in "hands-on"
marive educators was conducted in the summer of marine sctivities and resesrch withio the major
1983, The Minsissippi~Alabama participants science disciplines.

were introduced to three atypical marine

habitata as compared to those habitate found in In 1985, support was provided to echance

the Missisnippi Sound, Mobile Bay, and portions winority involvement at the pre-baccalaureate
of the Gull of Memico. These habitats incloded level in marine education at J50. A coopecstive
coral reefs, carborate sediwents snd mangroeve program involving the Virginia Instituce of
fvamps. Marine Science, the College of William and

Mary, Bxxon Corporation, J50, and MASGC waw

+ Teacher ineervice, marine education workshops, initiated to enchance pre-baccalaureate

which have included preservice participants, mipority student marine sducalion opportunitien.
bave been comlucted for the past seven yeamrs. Thim program invoplved four students from JSU
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for summer cesearch ectivities at VIMS.

» The Copsortium provided travel, hotel

accommodations, end a meal allowance for two
wmaster“s degree recipients end one doctoral
level vecipient for the estesmed Sea Grant
Association Awarde, am well an for two high
school Touth World of Water Avards tecipiects,
therety allowing the wtudents to personally
receive their respective awards.

A toral of 865 pre-baccaluareate and praduste
students iovelving approximately 2400 man-
moaths in time, have been supported through
MASGC projects simce 1971 (Table 2).

Within the last decade, four secondary school
progruws have succennfully increassd the marine
literacy of a large number of 15-17 year-old
students. These schoole which have been
involved are: Biloxi, Ocean Springs and
Pascagoula Righ Schools, as well an the Piney
Woods Country Life Schosl. Bilexi, Ocean
Springa, and Pascagoula are all cosstal schools
with s mixed student population. The Piney
Vaods Country Life School is ap inland school
of minoriry students.

Two permanent exhibits were esteblished. One
is located in the Mobile County Envircomental
Studies Center (MCESC) in Alabams. The MCESC
ia supported by the County Public School
Bystem. The othexr permapent exhibit in located
in the Scranton Mueeom., The Scrapion is u 70
foot refurbished shrimp boat, supported by the
City of Pascagoula, Mimsiweippi. Im the MCESC
a 1580-gallon, welt—water tank was sstablished
for fishes indigencus to the Missiweippi Sound
and Hobile Day. Aonually, over 20,000 students
from local schople visit this warine
educationsl facility., Aboard the Scranton, a
19" —videcwonitor and video—cassette Tecorder
have been installed, ns well ap a touch-tank
located co the stern of the ship. fQeversl
educstional videcs are svailable for viewing by
students and the general public in both
facilities.

A final 10th-12¢th grade level text of the MGM
seriev entitled Coantal Maring Fnviromments was
developed and reviewed for scientific validity
during 1985-86. It will be Field-teated in the
fall of 1987 in various echools in Mississippi,
Alabame, apnd Louisiana.

A birding guidebook, Birde and Birding gn the
Misgismippi Cosst, has bean written, reviewed,
aod zevieed. It iv presently in press with &
Septewber 1987 availability date. The design
of the guide is witable for both amateur
birdwatchers and profesvicnal orinthologimra.
Information provided in thiw publication will
include breeding status, abundance, geographical
distribution, and habitat type for more than
300 species of birds.

+» The HASGC educational specisliat has been

invited to act io the following roles of
eignificant educational importance:

Regionsl Director for the Southesntern
Minsisnippi Valley Annual Youth World of
Wacer Avards Progrvam, involving eight states
and 16 student applicants in 1985 and eight
student applicants in 1986,

Chairperson Eor the Wationsl Sea Grant
Educational Network in 1985-87 which involves
coordinating the educational asctivities which
will oecur during the pnoual Ses Grant Week
Conference.

Co~Directer of the Missimnippi Regicnal VI
Science and Engineering Fair which iovolves
coordinating and orgeniring this six coastal
county event.

Addicionally, the educational epecialist has
been invited to present papers ocn Sea Grant’s
role in promoting education to & pumber of
organizations.

CONCLUS 10N

Marine educatico activities in the states aof
Kiswinsippi and Alabama have expanded tremendously
over the paat few years. Theme activities have
made important contributions in educating our
students, teachers, and the general public
concerning the enviroment, and is an effort that
is oot complete. The concept ia just now
beginning to build into a significant force for
chaoge. We must pever allow cureelves tc expresa
cur educationsl etandards and expectations in
terss of minimum requirements or to bacome
lethargie. It i essential that we contieue to
aggressively increase our efforts in order to have
a4 well-ipforwed populaticn.
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Table 1

1983-1986 5RA CRANT FELLON SUMMARY

Total Mumber of Setudwntwr 18

Wusber of Males: 13

Fusbar of Famales: 3

Race:

a) white - 17

b) black - 1

Dagraws by Category: a) Buachelor’s - &

b) Master’s - B
¢) Doctoral - &

Member Inscitutions Raprassnted:

a)
b}
c)
d)
w)
£)
t]
h)
i}

Oniversicy of Alabema at Birwinghem - 1
Oplvwtsicy of Alsboma ~ &

Auburn Toiversicy - 3

Univwereicy of South Alsbams - 1
Univervity of Missiamippi - 2
Hiswiesippl State University - 1
University of Southern Mississippl - &
Jackeon Stats Universicy - 0

Gulf Cosst Rassarch Laboratory - 1
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Table 2

GRADUATES UNDER-GRADUATES TOTALS

Year Students Man-Months Students Man-Monthas Students Man-months
1971 24 117 o Q 34 17
1972 81 242 ¢] 4] 81 242
1973 74 142 o o 74 142
1974 68 264 7 8 75 272
1975 55 195 " 24 66 219
1976 0 284 30 17 100 301
1977 56 170 25 28 B3 198
1978 40 142 2 3 42 145
1879 39 107 0 0 39 107
1580 a7 ay 4 3 41 a0
1581 33 103 8 1 39 114
1982 46 132 8 12 54 144
1983 32 s 19 26 51 97
1984 35 &3 3 8 38 71
19895 24 64 1 1 25 65
198G 19 23 4 7 23 30

745 2206 120 148 865 2354

*Man-sonth figures for 1986 are budget figures. 4ll other

figures on this line wers taken from Finencial Reports rece{ved

as of January 15, 1987.
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PROJECT SEA OATS
AN EXAMPLE OFf INTERAGENCY

COOPERATION TO PROMCTE MARINE EDUCATION

D, Lloyd Scott
Environmental Studies Center
F.0. Box 1327

Mubile, Alabama 36633

ABSTRACT: A vital component of the movement to better understand and appreciate our
estyarine resources is the inclusion of structured marine education programs in our
elementary and secondary schools.  Further, the succeas of these programs depends
greatly on careful planning and close cooperation between area agencies offering
funds end resources for implementation, This preasentation focuses on one such
program conducted recently through joint effort by the Mobile County Schools'
Environmentel Center, the Daughin Faland Ses Lab, the Alabama Sea Grant hdvisory
Service and the Mississippi-Alabama Sea Grant Consortium. A summary of the results

of this project will be presented in hopes of encouraging similar cooperative
efforta in the Future.



COASTAL AWARENESS ACTIVITIES

IN MOBILE ARD BALDWIN COUNTY MIDDLE SCHOOLS

Jennifer ¥, Cook

Dauphin Island Sea Lab

P.0. Bux 369

Dauphin lsland, Alabamn 36528

ABSTRACT: A series of units have been written and designed to incorporate  coastnl
awareneas activities into the already existing middie schoel erolrnce curriculla ol
Mobile and Baldwin County schoola, Funded and initiated by ADECA, the siaffl of 1he
Discovery Mall Program at the Dauphin Island Sea Lab have developed these units wirh
obiectives simed to awaken the student to the concepts and issues surrounding the
natural procemsea and man's uses of Alabama's coastal environment. Classroom  and
field activities emphasize the value of Alnbamn'm conatal rescurces while presenting
cehtent matter in an attempt to produce future decision-makers and voters who will
make educated and well informed decisions concernlng our const, A brief overview of
theae unitw will be presented,
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EDUCATION EFFORTS

AT THE WEEKS BAY NATIONAL ESTUARINE RESERVE

John L. Borom
Faulkner State Junior Ceollege
Fairhope, Alabama 36532

ABSTRACT: Effective April 7, 1986, Heeks Bay National Estuarine Reserve was
established ag a protected education and research site, The initial boundaries
encompassed 2,668 acres of land and water in and around Weeks Bay, Acquisition of
additional tracts is planned for expansicn of the reserve, The Alabama Department
of Conservation and Maturel Resourcea is responsible for overall management of the
reserve, Weeks Bay estuary 1s a fleld laboratary for scientists and students and a
place for the public to learn about estuarine ecology in & natural serring. Future
plans include development of nature trails and construction of an estuarine science
education research center to be mansged by Faulkner State Junior College. Other
organizations playing key roles at the reserve are the Baldwin County Board of
Education, The Natrure Conservancy., the University of South Alabama and the
Mississippi-Alabama Sea Grant Consortium,



EDUCATIONAKL EFFORTS

Summary of Panel Dismcusmion

The participanta on the "Educrattonnl Efforta Tanel” were:

Modermstor: George F. Crozier, Dauphln Taland Sea Lab
Sharon H. Wnlker, Mississippl-Alabama Sea Grunt Consorllum
D. Lloyd Scott, Environmental Studies Center
Jenny V. Cook, Nawphin Island Sea Lab
Joehn L. RBorem, Faulkner State Jr. Collepe

INTRODUCTION

I'n general, three toples were covered during the ponel discumrsion.  The
toplcs pertained primarily to the future af macrine environmental educataienal
programs in Alabama, lunding af these programs, and cooperative pragrams,

MARINE FNVIRONMENTAL EDUCATIONAL PROGRAMS

Alabama's educational systems have been undrr  vonsiderable  fiscal
constraint for some time now. Fraced with seven to ten years of budger curs,
prorationing and the like, these proprams have rteluvctant iy had ro redece the
acape of their activities, Examples of rhia can be scen al the Sca  Lab's
Piscovery Hall Program which has gone from twe full time prolessionnls to |
1/2. The 5Sea Grant Consortiom has gone {rom supporiing a [ull time
speclalist to a half time sprcialiat. The Fnvircnmental Studies Center has
loast staff and faces further budgetary problems,

FUNDING CONSIDERATIONS

The funding witustion is not anticipated to improve anytime in the near
future, Maintaining the current level aof funding may prove to  be a
conslderable challenge. The priority which ia glven marine oenvirenmental
educational programs by the State and Federsl legitslarers rrflect their
attitudes about the relative worth of the benefits that t1hese  programs
provide,

COOFPERATIYE EFFORTS
Given the present fiscal constraints placed on our marine environmental

educaticnal programs, the cooperative offorts will becnme more important in
maintaining program dellvery and the integrity of whats been developrd so

far. Foollng ol available rescurces in the form of man-power, facilities
and funding could foreatall, to some degree, the inevitable effects of
inadequate funding. Hopefully, the beneficaries of these crnoprrative

efforts will prevall, at some future date, on the legislators to expand and
enhance these effortas.
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NUMERTCAL MODELLING OF SALINITY PRUPAGATION IN MOBILE RAY

NMonald C, Raney

Frofeneor of Engineering Mechanics
The Univerrity af Alahama
Tuscalocsa, Al 35487-7908

John M. Younghlood

Ptofensor of Mechanical Engineering
The University of Alabama
Tumcaloosa, Alabama 154E7-2995

ABSTRALT: The puipouse 9f this study was to investigste the general nature of
salinity propagation in Mohile Hay, Almbama as 1t 1 affected by river inflow
levels and tidal effects. A two-dimensivnal-depth-usveraged finite difference
numerical model (BAY) 1s utilized. This model has been demonstrated to
produre galinity resulte that are in very good agreement with protorype
values when applied to other well mixed bays. Wo rigorous efforr is made to
varify quantitatively the salutivns that were generated for Mobile Bay
because of a lack of ayuoptic prototype data with whiclh to calibrate and
verify the numerical mode!. The model was simply driven with typical tida]
and river inflow levels to gualitatively investigare the anlinity variacion
over g tida]l cycle. With the Increased ifmportance ol Mohile Bay and plans to
deepen the main channmel additional numerical modelling efforts are required
ta evaluate the environmental effect of proponed changes. However, the need
for additfonal ounerical modelling activity points out the more fundamental
requirement for a synoptic data collection program in Moblle fav 1o provide

fundemental prototype data for a variety of scientific disciplines.

THE HYDRODYNAMIC MODEL

A two-dimensional depth averaged model (BAY} s
used in thig luvestigation. The vertical components of
velocity and acceleration sre neglected and the general
three-dimensional governing hydrodynamic eguaticns are
integrated over the water depth. A pseudo three-dimen—
sional etfect 1a present pince the equations are forced
to eatisfy the boundary cenditioms at the bottom and
surface of the water column. A depth-averaged two-
dimensional flow fileld 1s obtained but three-dimen-
sional geometry can be considered. The most important
approximations used in the model are those of constant
density and relatively small variations of veloclty
over the depth, conditions which ave reasonably wvalid
mich of the time in Moblile Bay. The rectangular
coordinate aystem used 1s locsted in the plane of the
undisturbed water surface as ehown in Flgure I,

A malor advantage of BAY 1e the capability of
epplyin? a smoothly varying grid to the given study
region, This allows efficient simulation of complex
geometries by Iecally dncreasing prid resclution in
critical areas, For each c¢oordinate direction, a

ST N

a0
Tl

Figure 1, Model Coordinate System

plecewige reversihle transformacion

is independently

used tc map prototype or real space (x,y space} into a

computation space (ul.a
takes the form

2

space).

The transtoermation



x = a+ ba*

where a, b and c are arbitrary constants. By applying
a smoothly varying grid transformation which ig contin-
ucug and which has continuous first derivatives, many
stability problems commonly associated with variable

grid schemes are eliminsted provided ther all deriva-
tives are centered in o space. The transformed hasic
governing equaticns of momentum and continvity dn a
space can be written a5

u 1 Ju 1 Ju + B an

- - fv =R + 1L
4t Y Bu] Uy 3&2 vy 3&1 x x

pov2 o Y% vy y

] ) 1 ]
T + -lrl— sa—l {(htn)ul} + i E; {{b+n)v] = 0

u = depth-averaged veloclty component lu the x
direction

t = time
x,v = rectangular coordinate variables

v = depth-averaged velocity component in the y
dicvection

g = acceleration due to gravity

n = water level displacement with respect to
datum elevation

f = Corfolie parameter

R ,& = the effect of bettowm roughness in x and y
directions

Lx'L = the acreleration effect of the wind stress
acting on the water surface in the x and ¥
direcrion

h = wazrter depth

311 Bx
Hpeby = -ET ' 33; = grid expansion factors
To salve the governing eguations, a finite
difference approximation of the equaticns and  an
alternating directien technigue are employed. &

space-staggered scheme 15 used 1in which velocities,
water-level displacement, bottom displacement, and
water depth are described at different locations
within a grid cell as shown iIn Figure 2. This
solutlon scheme 1s similar te that eriginally pro-
posed by Leendertse,?

Three types af boundarfes are lnvolved in the
caleculations: Solid boundaries at fixed coastlines,
artificial tidal inpue boundarles arlsing from the
need to truncate the region of computation and river
inflowa into the hay.

The finite difference grid used for the madel of
Mobile Ray~East Mississippl Sound was developed using
a 1:B000C scale nautical chart.? A varfable prid was
developed with the primary objective of good resolu-

tion of rhe main ship channel as well as Fedsanal e
representation of other geometric and bathymvf'ric
features. The dimensfon of the rexulting grid o4, o
by 56 cells or 3080 total cells. After mapping tye -
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a = YELOCITY 1IN THE Y-DIRECTION (V)
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FRICTIOHAL COEFFICIENT (C or ml
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Figure 2. Variahle UDefinition in Finlte

Difference Cel}

prid, it was used as an uvverlay on the sautical ¢ b arr
ta assign boundaries, depths and Manoing friotien
coefticlents for each finite diiference cell, It
finite difference prid is apparent in Figure 3 where

each veloeity vecter 1s ploctted at the center ot a
finite difference cell.
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Figure 3, Moblle Bay Finite Udffererce ¢739
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Small cells wvers used in the inlets sipce thesae
are critical arese for the tidal hydraulics. Larger
cells were used in Bon Secour Bay, the Gulf of Mexico
and 1in wupper Mobile Bay where the bathymetry was
reaponably conatant andfer boundary geometry was
relatively simple,

Tide-elevation boundary conditions were specified
at the Gulf{ of Mexico boundary and the East Wisslasippi
Sound boundary. FRiver-flow boundary conditions wers
specified for the Mobile and Temsaw Rivers.

THE TRANSPORT MODEL

A two-dimensional depth-averaged tranaport model
(TRANS) wap developed to complement BAY in the simula-
tion of water quality effecta. The vertical components
of advection and diffueion are neglected and depth
averaging s performed 1in & menner similar to the
hydrodynami{c model. The coordinate system and the
nonlinear grid transformation that were previously used
in the hydredynamic model were reapeated in TRANS,

The tranaformed wequation of transport can be
written as

4 1 3 1 2
¥ T3 {(h+n)?1] + ﬁ E {(h+n)ul’1} + :2— '55'2‘ {(h+n)vP1}

D 3P D aF
B T Pl O T Pt R
9% 1 w2, 22 2
1 2
N
(htn)s, + ) x” (rmmJj
3=
for £ = 1. N

where
P, = concentration of the ith constituent

D, = molecular diffusion coefficient, assumed
homogeneous and uniform

K , = raaction rosfficient for constituents | on i

1}
Si = gource fnput rate
N = the number of constituenta

and othere as described in the previcus sectien,

To eolve the tranaport eguations a sim{lar
spAace-ntaggered, alternating direction sacheme is
defined on the pame grid as the hydrodynamic model,
The transport model may be used as a subprogram by the
bydrodynamiec model te generate solutions art selected
steps, or 1t wmay be 8 self-contained simulation
relylng only on hydrodynamic data from earlier asimula-
tiens. In each case, it 1s convenient to embody a
compatible grid definf{tion. Since the primary purpose
of this study was to perform salinity celculatfons,
repeated solutions were chtained with hydredynamic
dats that had been previcusly verified.

THE STUDY AREA

Mobi{le Bay is located on the northeastern shore-
line of the Gulf of Mexlco east of the Missisaippi
River delta. The estuary i1s about 31 miles long and
varies in width from B to 10 miles in the norzhern
half to ahout 24 miles wide im the southern parcion.
The bay is comnected by narvow passes to the Gulf of
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= 3100
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Figure 4, Mobfle Bay - The Study Area

Mexico and alsc te Missiaerippf Sound. A repregentation
of the bay 1s shown in Figure 4,

The bay 1s the terminus of a river system which
conefate of more chan 43,000 square milea of drainage
basin. The average depth of the bay is 9.8 feet at
mean low tide and the hydrodynamir characteristics are
vertically uniform over mort of the bay. In areas of
deeper water within the protected bay, salinity strati-
fication does occur. In the lower bay there is eyclic
lateral movement of large volumes of water of variable
salinity. Within the dynamic region etratification is
zinimized by vertical mixing.

Water outside the lower bay has the salinity of
8ea water. Dynamic excursicns of high-salinity water
through the passes and into the bay are governed
primarily by tidal action. Selinity decreases rapidly
through the middlc regiens and finto the upper portion
of the bay. Also ahort-term tidal Jateral motion
decays rapidly in the middle bay,

Salinity levels in the upper bay are primaritly
affected by fresh water inflov rates. During periods
of heavy rainfall, all but the lower sections of the
bay become virtually fresh water, On the other hang,
during dry periods, ses water fncursfon can extend into
the lower reaches of Mobile River.®

The narrow band across which the salinity changes
from lew to high values affects the preferzed lecation
of a wide variety of marine organiems. Fluctuations in
the pesition of the band can become a serious determent.
For example, periods of low salinity due to spring



floode have killed wmajor portions of the ovater crop
nisgrcus times in thie rtntury.5 M the other hand
axtreme sxcursions of aea water In dry periodm hring
invanions of high walinity predictora such nan the
vyster drill cauming grest damage to marine 1i{e in the
uppat bay "

The application of the rranmport sodel to the
study of malinity propagation in the hay wax [nitiated
to sstahlish Ete general wvalldity in estimating the
long and short terwm wotion of wetera of varicum mmlin-
ity. The trendn rhat were ertablinhed uning the model
can be compared to sctunl salinity data® to Judge the
effectiveness to the wodel.

While & complete calibration and verification test
was not posathle uslng the datn at hand, the present
tant allows & nugher of algniff{cant compacisons, Of
particular intereat fa the gensral shapr nf the fso-
halines for a particular civer inflow and rime {o the
tidal cycle, A vary slgnificant entimate in the
tocation of the fresh-to-saline transitiom reglon in
the bay ae & funcrlon of river inflow, Another ifnter-
enting celeculation tw the lateral range of jachaline
wovament ovel & tidal cycle.

MODEL AFPPLICATIONS

Salinity exchange snd diffusion in an irregular
geowstTy and large {low rate procear ie vary complax.
Riwulation problema can he  largely overcome with
effective hydrodynamic and water quwlity =odels.
Effecta of stratification are winimirsd naturally in
large voluwe, highly dynamic procesnes, where mixing is
ntisulated. Stince three-diwsnaional models are prohib-
itive for high resclution wetudiem, other means of
dealing with vertics!l nom-unfformity lovolve Judiciounm
cholces of model paramsters and estimaricon from clme
TIITTT

Thia model can etfectively aimulate tidal acriem,
river discharge, sod sready wind conditions as well asx
pradict thelr effecta on bhay hydrodyramics. The
transport wodel cwn effectively ums rhe hydrodynamic
dats tc generate information about water quality, in
particular, deprh-averaged aalioity.

A repressntacive 2 footr diurnal tidal cycle wam
taken for Mohile Bay and Missismippi Sound, and nominsl
rivet inputs were ampuped in the upper bay.’ The tide
in East Miseinslppl Scund wam given s 3 hour phase lag
relative to the bay., The hydrodynamic model wam tTun
with & time atep of 90 neconda. Elevaticn and velocity
data at all points in the hay were taken at 30 minute
intervale for 74 hours, after an initial 1Z hour atare
up., The hydrodynamic data was then cycled at the tidal
fraguency to drive the water gualfty model, The
salinity mwodel] could be run for e number of tildal
cycles tepeating the hydrodynamic date for the single
tidal cycle.

The water quality wmodel was starced with a wni-
formly increamlng salinity from rero at the upper bay
to 3 ppt. at the gulf interfsce, A diatinctive, time
varying, reasonably stable pattern was achleved after
5-10 vidal cycles.

A tiver ayarem inflow rate equal to a nominal
messured value was vaed, This moderate valus was 33270
cefm for the Mobile Rivaer and 10230 cfs for the Tensaw
River, A heavy inflow rate of 100I greater value was
uvsed for cowparison, The lataral shift to the entire
salinity distribution pattern appears to be & senaftive
function of the river diecharge level. No fresh water
input cther than that of the Msobile and Tensaw river
ayaten van wmodeled,

The walinity pattern for modernte river dincharge
la shoam Ln Figuren 5% throngh B, The iachkalines bave a
distinet northwesr  to southeant orientariom, Thim
wllect ham beec noticed Ln mampling atudtes.®

()

Figure 5. Moderate Hivern Olscharge:lncoming Tide
L Ly

Figure &. Moderate Hivers Discharge:High Tide

The peneral shape and location of the {schalines
compare favorably with thoae determined by messuremcnt.
The aalinity patterns measured and reported by Schroe-
der® sre wore tongue shaped. Indicating a higher degree
of fresh water extending down the shorveline toward the
lower hay. The wmowt apparent explanmation of chis
effect 1a the fact that fresh water input was neplected
2t all! pointas other than the main river delta.

Motion of the {achalinews over a tidal perlod (=
conmiderably wore pronocunced in the lower bay. & range
of approxipately B to LO miles 16 geen for the 15 ppt
line, bur the range for the 5 ppt Iine is only 3 to &
milea., This 1a to be expected as tidal dyonamics are
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HALINE STRATIFTCATION IN MOBILE BAY
A SHORT REVIEW

William W. Schroeder

Marine Environmental Science Conzortium
P.3}. Box 2369

Dauphin lsland, Alahama 36528

ABSTRACT: Since the work of Austin (19%4) it has been knuwn that strong haline
stratification occurs within the waters of Mobile Bay. Subsequent studies {Loesch
1960; McPhearson 1970; Bault 1972; May 1973; Schroeder 1976, 1977, 1978, 19749;
Schroeder and Lysinger 1979; Schroeder and Wiseman 1986, in press) have decumented
the spatial and temporal variability as well as identificd processes responsible fnr
stratification- destratification cyeles. Vertical salinmity gradicnts of 5 te 10 ppt.
are common in oligohaline regimes {0 to 10 ppt} through euryhaline regimes {20 to 30
ppt). During flooding events surface to hottom differences of over 25 ppt have been
measured in the lowered Bay. The greatest changes in salinity have been obaerved in
haloclines with gradients of 16 ppt in less than 2 m.
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LOW DISSOLVED OXYGEN PHENOMENA

IN ALABAMA'S ESTUARIES

Stevens R. Heath

Marine Resources Laboratory
P.O. Box 18K

Daughin Taland, Alubama M52H

ABSTERACT: For many yenrs much circumatantinl evidence has been compiled indicat ing
» signlficant problem with areas of lov diasolved oxygen in Alabama’'m estuarine and
marine watera, A variety of eventa ranging from fish kills to populer "jubllees"
have ovcurred in these aresd for many years, However, very little mound scientiflic
data have been collected to determine the causes, A hiptorical overview of  events
is presented along with a general aceneric of impacta and resutrs of low dissolved
oxygen conditions. Recommendationa of pomsfhle reaearch projecia to meet dola needs
are presented.
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ORGANIC POLLUTANT LEVELS IN BIVALVES OF MOBILE BAY

Feo R. Marion

Department of Biology

University of Alabama at Birminghao
Birminghamw, Alabama 35294

Stavan A. Barker

School of Veterinary Madicine
Louisiana State University
Batan Rouge, Louisiana 70803

Robart L. Sattice (deceased)
Department of Chemistry

Univerasity of Alabama at Birmingham
RBirmingham, Alabama 35294

ABSTRACT: Otganic pollutant levels in Mobile Bay were
monitored eecasonally over a four-year pericd by identifying
and quantifying contaminants (via GC/M5 analysin)} found in
the tivsues of the American oyster (Cressostrea virginica)
and the brackish water clam (Rangia tuneata}, A wide
variety of organic contaminants were found., Compounds
identified with insecticides, solvents, plasticizers,
intermediary compounds, coal tars, and fossil fuels occur.
Concentrations, however, generally were in the low ppb
range, with the exception of phthalates, which exceeded

one pps at a few sites. Some aeasonal trends exist and
inter-site variability occurs, with a tendency for elightly
higher levels and increased veriety of polliutaents in
bivalves from the upper reaches of the Bay. Overall, the
results indicate that organic pollution in Mobile Bay is
currently not mevere, but needs Lo be ¢losely monitored for
Further changes, Thia data will serve as a baseline for
future enviroonmental quality trendms in Mobile Bay.

INTRCDUCTION
Alabama, This harvest had &8 dockside value of

Mobile Bay is one of the major estuaries 40.0 million dollare and a retail value in
within the boundaries of the United Scates. The excens of 300 million dollars (pere., comu.;
waters flowing into Mobile Bay drain e wabershed Aln. Sea Grant Advisory Svc.). More than 5,000
that includea sizeable portions of three statee. people in Baldwin and Mobiie Counties
With an average flow of 62,500 cubic feet per participate annually in the harvest of seafood
second, the discharge rate into the Bay iz the for all or part of their livelihood.
fourth largest of all river systems in the Procensing operationa employ up to 2,000 people
United States {Loyacano and Busch, 1979). on & seasonal basie (CAB veport, 19807.
Mobile Bay is aleo one of the oajor estuarine
qursety grounds of coastal North America. Large Mobile Bay, however, is an estuarine eco—
quantities of shrimp, oysters, crabs and Eish systew experiencing a growing series of svents
are harvested in or adjacent te the Bay and have that have the distinct potential for lowering
hiatorically been a major economic redource to its environmentsl quality. Over the last two
the region, During 1985 alone, 29.5 million decades, industrial and commercial development

pounde of meafood were harvested in ccantal have sxpanded rapidly in the Bay area, Much of



this development hsa accurced in the chemical
industey, A ousber ol large chemical-oriented
industries atretch from the Hobile River nncth
af the city to a point hallway down the Bay. An
s result, & vhole volume of chemical by-products
and intermediaten, the eflects of many of which
are unknown, Likely sventually find their way
into the weters of Moblle Bay. 1n (980, more
than 1)) miliion galloos of induetrial
wastowater (primarily [rom 39 major industeinal
sources) and 12 million gallone of treated
vatlevater from 19 municipal plante alveady
poursd into Mobile Bay on & daily banin, Thesse
discharges werw in addition to thowe from
various nan-point sourcen (AN report, 198Q).

An outfall with a capscity of 25 aillion
gallanafday of induetcial effluent and Lreated
waALewater iw planned 1o open directly into the
May from ane Lodustvial park. The Soulh Alabgaa
Reglonal Planning Cowission aAlse han indicated
that appronimately & ,000 additional acres of
Ilndustrial lend will be required to satisfy the
anticipated induntrial requirements for the year
000, Due to the water dependency of Lhie
industrial buase for both ehipping and an an
intake source, 13,000 of thwse acres will need
direct access to the Bay or ite tributarien [CAB
creport, 1980}, Thus, when added to the runoff
reaching the %ay from industrial, urban and
agricultural sress upstreas in the large
watsacoahad, i0 i cluar that Future lndustriali-
gation wili Likaly bring incremasd pressure on
current vater quality snd existing scosystemn in
Mabila Ray.

The rocent opaning of the Tennesnce-
Toabighar Watecway, the posaible enpansion of
thy Alabama State Doche, and the ancicipsted
despening of the Mobile %ay ship channel will
sleo all jiwely contribute to the increasning
anvironmental predsures on the Bay. The
resulting additlonal barge and tanker traffic
will increass the poseibilities for spills and
accidents. Oil and natural gas exploration L
alwo woving toward the production phawe.
Finatly, population levelw are graduaiiy
iacrassing in Baldwin and Mobile Counties, A
population of near ons-half million is projected
Eor the yenr 2000 (CAB report, 1980).

Directly ar indirectly, all of these
respective activitier reflect the likelihood
that Wobile Bay is being subjected to incressing
levels of a wide varisty of potentisl pellu-
tants, canging Erom heavy metals to organic com-
pounda. Many of these are known to be
derrimental to living organiems, the public
health and tha integrated funcrioning ot eco-
systews. IL is evident that some baseline
ioforsation vn tha current water quality of
Mobile Bay is budiy nesded for future decision-—
making involving resources and development,
Lecognining thise, we initiated a multi-year
study using hivalves as biclogical moniters of
the water quality of Mobile Bay by identifying
and quantifying the msjor organic pollutants
found in their tissues.

NIFALYES AS INDICATORS OF POLLOTION

Bivalvea have besn employed in a number of
studies sa blolpgical indicators or monitors of

estunring pallurinn, They posasean several
chatacterinticn which make them gaod bin-
indirators ol pollution:

1. Since wosul hivaiven are [ilter-Freders,
theivr Cimnuss accvmulate and concen-
trats a wide varlety of environmental
contaminanta,

1., Becwuns they concentrate pollutants at
mach greater leveln than these foond 1o
the immtediale water columh, accurats
analywrs are thetelore esasier and
reproducihle.

3. Thear memnile naLure alliows an evalu-
ation of local poliution ptoblems

4, Wivalves gensrally reflect the relative
composition of contaminants on the
anbient water, as rejatively little
mrtaholism of mont compounda has been
repocted.

5, There is A prisintence of aaay poliuo-
tants in their tisaues, ¢ven attet long
depuratian periods,

6. They vepresent A Cime-integraiel
sample, rather Lhan a mesauremsnt of
& mngte paint in time {eg., & water
wamplel.

7. The srae of collecting and high dan-
siliea in coastal watera make bivalven
readily aAvairlable montitars and rhe
ubiquitous distributions of many ape-
cien permits comparisons to be made
with other studier [NAS, 19807,

Thaough the interpretation of patlutant
fevels in divalves must be with full cognitance
of their limitatione (an regardm the aranonal
reproductive and Llipid cyclew #ftects on the
uptake and wtorage of hydrocarbonw, uptake and
depuration raten, etc.), the concept ob using
bivalves as bivindicator organiama of estuarine
polintion is A generally nocepted, direct and
practical method for poallution analysen, UUning
thie sethod, it in ponsible to sahow exactly
which contaminant compounda ave ceaching and
tnfluencing biotic mystems.

PAEVIOUE STUDIES OF ORGANIC POLLUTANTS
IN BLVALVES OF MOBILE BAY

Studies on oyater populationa in Mabile Bay
provided early suapicions of pollution problems.
May and him co-workers teported decreated sur-
vivorship and vrecruitment during the 19607% and
early 1970, and suggested increased pollution
as one of the important elements in the decline
of oyeter resources gocurring in the Bay ab that
time {May, 1971). Fehmayer {197%) provided con-
cinued documentation of thin decline, citing
industeisl poilution and posaibly pesticides a»
two important contributors,

Few actual studien on chemical pallutant
accumul gt iona have been performed on oysters
from Mpbile Bay, with aone on other bivalven,
and all of these have been rather limited in
acope of in pollutant types aurveyed. C(Chlerai-
nsted hydrocarbon peaticidens were examined in
oyaters from weverul Bay reecls by Canprr et al.
in 196% (published in 1969), Butler in 1968-69
{published in 1973}, and again by Butler er al,
in 1977 (publashed in !97RY, The firnt twno
studies detected meveral peaticide compounds in
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oyster tissuea, and revealed that DDT and its
metabolites were Eound at essentially all sites
exanined gnd were by far the most common af the
chlorinated pesticides. The site averages for
totsl DOT in the L1963 atudy ranged upwards to
4.6 ppm, clome Lo the level of 7.0 ppm then
allowsble by the Food and Drug Administration as
a remidue in meat and food items destined for
human consumption, Pesticide levels in oyeter
tissuew, hovever, decressed during the periaod of
the three atudies, with the latter study
reporting no detectable residues in a one-ahor
ssmple from two of the original collecting
sitesn,

In the more extennive study by Casper et
al. (1969), definite saeasonal fluctuaticns in
DDT levels were noted, with peak values coin-
ciding with aaximun freshwater inflows during
spring. Significant differences were alesn noted
in oywters taken from different reefs.

The only other exsmination of organic con-
taminants in cyaters from Mobile Bay was per-
forwed by Goldberg and others in January, 1977,
a8 part of an extensive and broad survey of
fosnil fuel contamination of selected U.5.
coastal mites in conjunction with the EPA Mursel
Watch Program. The bisaue concentraticons of a
very limired nuomber of polycyclic aromatic
hydrocarbona were snalyzed from a site near
Dauphin Island. The results indicated moderate
sccumvlations of fluaranthene and pyrene for
this one sampling collection (NAS, 1980),

Thus, ptevicus studies of organic con-
taminants in bivalvez frow Mobile Bay have been
limited in scope and have dealt primarily with
early pesticides. Almost nothing ia known con-—
cerning levelw of most organic contaminants of a
primarily industrial origin. 1n eddition, there
is currently no routine monitoring of most
chemical pollutants in the water and mediments
of the Bay. Hecent increased industrinlization
and ather changes in the Mobile area have pro-
vided a potential ready source of many con-
taminant hydeocarbona, which to date have gone
virtually womonitored in Hobile Bay.

DES1GN OF STUDY ARD KETHODOLOGY

Oysters (Craswoatres virginica), limited
to aread of moderate paliniries, were collected
at seven sites in the lower half of Mobile Bay
during 1982 and 1983 {Fig. 1). Prackieh water
clams {Rsnsia cuneata), more tplerant of Fresh-
water than oyaters, were collected at Len
sites, generally in the upper half of the Bay,
during 1981 and 1984 (Fig. 1). Severai of
thess sites were located near industrialized
arens of the City of Mobile. Samples aof both
cyotars and clames were collected during each of
three scasonal periods (apring, summer, and
fall), with the exception of clams in 1983,
which were collected only during wummer.

During summer 1984, bivalvea were placed in
bapkets and transplanted for three montha to
eight additicnal aites {Fig. 1}, primarily
selected to investigate areaw previoualy un-
investigated or suspected to be pobeatial
polliutunt "hotwpots,”

Fig. 1., BIVALVE COLLECTING SITES IN MOBILE BAY.
Open circles = oyeters (Crassostrea
virginica; closed circies = clans
(Rangia cuneata}; triangles =
trangplanted bivalves,

Extraction methodelogy, and identification
and quantification of compounds in bivalve
timsuen followed procedures previously reported
(Settine et al., 1983). Ildentification and
quantification of compounds was performed by
gas chromatography/mass epectrometry., Fifty-
pine compounds from the U.5. Environmental
Protection Agency's list of priority pollutants
(NAS, 1980) were melected for snalysis {Table
1). Such compounds qualify for liating an the
basis of their known occurrence in rhe enviran-
ment, their known cor suspected health effects,
their persistence in the aguatic fogd chain,
and their ¥news ot suspected toxicity to
aquatic organisme. We specifically pelected
compounds for investigation in order to reflect
wajor groupe of probable contaminants from
agricultural, industrial, and tranaportatign-
related sources,

ORGANIC FPOLLUTANTS IN BIVALVES

The resules of our wtudy have shown that a
wide variety of organic contaminants that
appear on the U.5. Enviroomental Protection
Agency's list of priority pollutants occur in
the tissues of bivalves Erom Mobile Bay,
Contaminants found, their frequency of
necurrence at sampling sices, the percentage of
positive samples collected, the maximum con-
centration found, and the mean concentration of
t¢ll positive samples are presented for aysters
in Table 2, for clams in Table 3, and for
bivalives traneplanted to other aresa of



TABLE 1. LIST OF EPA PRIORITY POLLUTANTS EXAMINED

Bang-Noutral Eatractable Cowpounds

Acgonaphthanae
Acensphthylene

Anthracenn

Bangidina
Bansolalenthracene
fgnzolk|fluoranthens
Bensol ghilperylens
Benzo[alpyrens
Blsi2-chlorcethoxy Jmethane
pin(i-chlorosthyl)ether
Bin(2-chloroliopropyl dethar
Bin{2-athylhexyl)phthalate
A-Brpmophenyl phenyl sther
Butyl benzyl phthalate
2-Chlaronaphthalene
&-Chlorophanyl phenyl wther
Chryaens

Dibenzola h|anthrecens
Di-a-butyl phthalate
1,2-Dichiorobunssns
i1,¥-Dichlorobensane
L,4-Dichlorobenaene

1,¥ -prchlorobensidine
Diethyl phihalste
Dimethyl phthalate

2, 4-Dinttratnluene
Z.8-Dinitrotoluene
Di-n-uctyl phthalate
I,2-Diphenylhydrazine
Fluoranthene

Fluorens
Kexachlarobenzane
Hekachiorobutadiane
Hesschlorocye lopentadiene
Hexachloroethane
Indena[b &, J-cd]pyrene
leopheraons

Naphthaleas
Nitrobenzene
M-Nitrowodiphenylamina
N-Mitrododi-n-propylaaine
Phenanthreae

Pyrene

1,2, 4-Trichliorobensene

Pesticide Compounds

Dieldrin
#-Endosul fan
B-Endoaulban
Endosul far aulfate
Endrin

Heptschlor
Heptachlor epoxide

intarsst in Table 4, Compounds identified with
pasticidas, indusatrial solventse, intermediary
compounds, plasticizers, dyes, ¢oal tars, end
patrolevm end foesil fuel combuation producta
ware found, Af lesar apme evidence of impact
from industrial, agricultural and tranwpor-
tation sourcan is notad. A number of tha com
pounds are polycyclic arcmatie hydrocarbona
(PAR'3) and are by-products of pyrogenic,
industrial, and transportation activities.
Othera are pasticides/herbiciden associated
with sgriculture. BStill others sre general
evidonce of induwmtrial activity in the
surrounding sres. Maoy of the compounds whown
are known to be detrimentel to human health in
sufficient quanticisn, and others have been
implicated (MAS, 1980}, It iv to be noted,
hovever, that, with fev exceptions, the con-
canteationa of nearly a1l individual con-
teminants found were only in the low parts per
bitilion {ppb) vange, snd Lhat easples varied
considerably in both tha pressnce or shaence of
many contaminante and in concentracion levels.

Thitty—one of the 3% compounds searched
for were found in the Lissues of oysters in at
lesat some somples (Table 2), and 27 of these

were found in mt least womes clam samples

(Table J;: more Lotal oyster samples were taken
than claw sawples). Thircy-five contaminants
ware detected in bivalves transpianted to
“puspiclous” or industrisl regions of the Bay
{Table &), As expected, there was considerable
similarity in compounds found in hivalves
theoughout the Bay, ax 21 comp de are ¢
between the three tables.

A number uf compounds were routinely found
in bivelve tismues throughout the atudy,
whether considecing wites or samples. These
in¢luded the dichlorobenzenes, phthalaten, many
of the PAH'e and related compounde, end the DOT
degradation products (DDE and DOB}. GSevea com-
pounde were detected at all oyster, clsm, and
cransplant eites., These were naphthalene, phe-
nanthrene, flucranthens, pyrene, diethyl phtha-
jate, di-n-butyl pthalate, and biw
{2-ethylhexyl} phthalate. Two compounds were
found in all samples of bivalves taken over the
course of the study {naphthalene and
bis(2-ethylhexyl) phthalate), and five others
were found in enwentially all samples
(fluorene, phenanthrene, Flusranthene, diethyl
phthalate, and di-n-butyl phthalate). When
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TABLE 2.

POLLUTANTS DETECTED IK QYSTERS OF MOBILE BaY (1982-83)

Samples wefe collected at seven sites three times s year.
Concentrations are reported as ppb (parts per billion),

Base-Neutral Extractable Compounds

I Sitea T Saaples Max. Level Mean Level of
Compound Positive Pomitive Found (ppb)  Powitive Samples {ppb)
Acenaphthene 160 55 17 5
Acenaphthylens 100 33 14 [
Anthracene H 21 4 F
Benzidine 17 6 1 1
Benzo[n]anthracene 71 15 8 4
Beato[k] fluoranthene 43 9 32 26
Benzo[ghilperylene 19 9 63 19
Benz . [alpyrene 81 il 1l &
Bis(2-chloroethoxy)methane 17 [3 13 13
Bisa{2-ethylhexyl)phthalate 100 100 551 240
Butyl benzyl phthalate 100 50 438 7l
Chrysene 43 15 13 H
Pi-a-butyl phthalate 100 94 152 15
1,2-bichlorobenzene 10¢ 56 22 18
1,3-Dichlorobenzene 100 63 hk} 26
l,4-Dichlorobeneens 67 31 21 20
Diethyl phthalate 190 5% 401 117
Dimethyl phthalate 50 25 1] L3
Di-n-pctyl phthalate 1040 50 34 20
1,2-Diphenylhydrazine 67 25 21 8
Fluoranthens 100 64 91 22
Fluorene 100 &7 17 21
Indenol!l,2,3-cd]pyrene 43 n 206 123
Naphthalene 100 100 163 36
Fhenanthrene 100 94 227 48
Byrene ixd 1 &8 2l
1,2,4-Trichlorobenzene 106 50 L9 18
Pesticide Compounds
4,4'-DDD 71 39 6l 18
4,4'=DDE 71 55 62 19
& 4'=DDT 43 9 23 14
Heptachlor 29 9 53 2

these compounds sre categorized into groups,
several trends become evident.

Compounds likely derived from coal tars,
and petroleum and foanil fuel coabustion were
widespread in occurrence, with moderate levels
present at a feu gites. Prominent among this
group were a number of polyeyelic arematic
hydrocarboos (8nd related compounds): naphtha-
lene, phenanthrene, acenapthylene, acenapthene,
flunrene, fluoranthens, and pyrens.
Naphthalene, phenanthrene, fluoranthene, and
pyrene were found st all bivalve sampling and
transplent sites, In addition, naphthalene
{used in the manufacturs of dyes mnd resins aod
found in solvents, lubricants and moter fuels})
was found in the timsuen of bivalves from all
saaples taken, with fluorene, phenanthrene, and
fluoranthene gceeurring in 95% or more of total
samples,

The widespread occurrence of PAH'# and the
variety found likely indicates a mixed origin
from pyrogenic sources (fomeil fuel combuation}
and petroleun inputs {eg., diesel fuel). Omr

findings are similar to other findings oear
urban aress slong the U.5, coastline (HAS,
1980), Pyrogenic sources would include runoff
and particles in the air settling in the wvater
and sventually the sediments., Wideapread amall
boat use and water transportation in Mobile Bay
probably account for 2 reascnable portion of
the levela found.

Generally, bivalves from aites in the
upper partions of the Bay near industrial arzas
contained slightly elevated levels of PAR'»,
Naphthalene and phenanthrene were somewhat
higher at these pites, and are indicative of
fuel contaminagtion ot boat traffic, Other
PAH's strongly associated with coal residues
and fomsil fuelas {(anthracene, flucrene, pyrene,
flusranthene, chryeene, and benzo(a)anthracene)
were found in more abundance and at 8 greater
Frequency at sitea in the upper resches of the
Bay and cloae to the harbor, though Lthis trend
wag not dramatic, Clame collerted near the
McDuffie Ialand coal loading facility were
noticeably high in & number of PAH's. Higher
than normal levels of naphthalene and



TABLE 3,

POLLUTARTS DETECTED [N CLAMS COF MORLLE 3AY (1981-84),
Sumples collected at ten siten three tides & yenr during
1984, but only in susmer during 1983. Concentrations are
raportead an ar ppb {parie per billion).

Basy-Neutral Extractable Cowpounds

I Sites 1 Samplies Max. Level Mean Level of
Compound Fositbive Fositive Found (ppb) Positive Samples (pph}
Acenaphthene o a1 1% 9
Acenaphthylene BO Th 15 L]
Anthracsna &0 &7 e ?
Banzolajanthracena 1o LY [ 17
Banuolghilperylane L1 1% 8 i
Bis(2«athylhexyl)phthalnte Lao 100 1430 a9l
Butyl bensgyl phihalaca %W 13 a0 Ba
Chrysans 40 2 27 20
Di-n-butyl phthalate 160 LoD 417 o8
1,2-Bichlargobenzene 00 H 19 ]
1,3-plchlorobsneens too 1] 1! 9
1, ,h-Bichlorcbenzens 100 74 31 iH
Diwthyl phthalate 100 100 31506 Al0
Dimethyl phthalate &0 (1] L] 4
Di-n-octyl phthalate 100 3] 69 7%
Fluaranthena 100 Jul) 0% 51
Fluorene 90 L1 ] 2 10
Hesachlarobstrene 1o 4 & b
Hatachloroethane 10 4 4 &
lsophorena 10 & 3 ]
Naphthalens 100 oo 72 4
N-Mitrosodiphanylemine 30 26 39 te
Phananthrana 100 100 97 3
Pyrans 100 109 149 13
1,2,4-Trichlorobenzens 1] 1 19 15

&,&'-DDD
& 4% -DDE

80
100

Festicide Compounds

52 114 k]
. }] 92 19

pheananthrens alse occurrad in the tissues of
oystars Erom the sncliosad Dsuphin Island Bay
and Cadar Point Reaf. This likely reflects a
high lavel of bosating activity in these areas,
Thiv was aspecially noticeable during Spring
1982, Significent boating activity had
occurred in the sres during the previovs
wmonths, sssocisted with the fercying of
islandecn and construction workers and the
complation of the oaw Dauphln Ielsand Bridge.

A second mpjor trend obamrved was that
compounds classifled an pesticides/herbiciden
wars generally abasnt io our ssmples, with the
exception of the widevpread occuctence of the
metabolites of DDT, This was sowewhat
aurprining in view of the size of the drainege
basin of Moblle Bay. The msjor portlon of the
agricultural areas, howsver, are convidersbly
upstresm. Other than DDT and its derivatives,
ncne of the other compounds classified se
pesticides that we examined wera found in
natural populatione of bivalves in Mobile Bay,
with the exceprion of two oyater sltes

surveyed in 1962, whose samples conlained low
to modernte leveln of heptachlor. There wam no
evidence of other peaticides, such as erdrin,
dieldrin, the lindanes, e#te. Endosulfan
sulfate and lindane (in the form af alpha and
gamas BHC) were recorded from clams
transplanted iato a Mobile harbor mite in 1984,

DDT wan detected at three of seven oyster
wites apmpled during 1962 and 1983 {Table 2),
but only 9% of the total samples showed evi-
dence of active DDT, and these were in samples
with larger, alder oysters., Further, con-
centrations were quite low. MNo DRT wen found
in ctam ssmplen or at any bivalve Eransplant
witen. The degradation products of DRT (DDD
and DDE), however, were nbserved at most wites
and in most wamples in borth natural and
transplanted populsations of bivalves. The
levels and frequency observed are @mowt likely
the results of the past use of DDT &n agri-
cultural fields, 1t was officially banned by
the U.5. Environmentsl Protection Agency in
(973, and obderved results are in line with
natural half-life times. Samplee taken at o
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TABLE 4. POLLUTANTS DETECTED IN TRANSPLANTED BIVALVES IN MOBILE BAY (1984).
Samples were collected at eight trmnsplant sites. Concentrations
reported as ppb (parts per billion),

Base-Neutral Extractable Compounda

X Sites Hax, Level Mean Level of
Coapound Positive Found {ppb) Positive Samples (ppb)
Acenaphthene BA 13 ]
Acenaphthylene 100 5 3
Anthraceae L] 43 10
Benzo{a]anthracene 5 kL] 20
Benza[k}fluoranthene 13 22 22
Benzo[ghilperylens 15 62 k"]
Benzo[n]pyrene 25 53 18
Bis(2-ethylhexyl)phthalate o0 2748 742
4-Bromophenyl phenyl ether 13 4 4
Butyl benzyl phthalats a8 164 99
2-Chloronaphthalene 50 7 &
4-Chlorophenyl phenyl ether 13 & &
Chrysens 63 49 23
Di-n-butyl phthalate 100 2 127
1,2-tichlorobenzens BB 10 3
l,4-Dichlorobenzens ] 3 2
Diethyl phthalate 100 390 147
Dimethyl phthalate 100 k! 7
2. 4-Dinitrotoluene 25 159 02
2.,6-Dinitratoluene 13 110 110
Di-n-octyl phthalate 88 98 B4
Fluocanthene 100 a7 40
Flucrene 100 16 9
Hexachlorobencene 13 & 4
Hexachlorouthane 50 42 17
Indenol{l,2,3-cd]pyrens I3 64 bd
Naphthalene 100 76 LX)
N-Nitroscdiphenylamine 53 45 27
Phenunthrene 100 52 biA
Fyrene 100 17 32
Pesticide Compaunds
a=BHC 13 11 1}
B-BHC 13 1& 16
4 ,4'-DDD 75 91 30
4,4 =DDE 88 63 33
Endoeulfan aulfate 13 345 34

drdricitirieiividrinicieedinied ik i fei i il tnicinicini-Sdeiciniedrineicieininicinioieinink dniedeinie e frink niededniol-

"control™ aite in Cedar Key, Florids, doring
1982 and 198) ahowed almoat no DDB, DOE, or DDT
residues. This can likely be attributsd to the
lack of a large freshwater effluent draining
agricultural areas near Cedar Eey., The
presence of these type compounds doea, however,
indicate the potential vulnerability of
estuaries in aveas draining large agricultural
Tegions.

The levels and Erequency of DDT, DDIY, snd
DDE, as well sd other pesticides/herbicides,
found in Mobile Bay oysters during our study
{Table 2) were conmiderably less than thase
found during eariier studies on oysters in the
Bay. A tong liat aof pesticides ware examined
at several area reefs by Casper et al. in 1945
{published in 1969), Butler in 1968-69
(published in 1973}, and again by Butlar et al,
in 1977 (published in 1978). The Eirst two
studies found that DDT and its metabolites were

found in eseentially all oyster samples and
were the mpat common of the chlorinated pesti-
cidesw., Tissue levela of tetal DDT in the 1965
study ranged up to 4.6]1 ppm, close ta the level
of 7.0 ppm then slliowable as a residue in meats
and food items destinad for human conaumption.
Aldrin, lindane, ¢hlordane, dieldrin, and
endrin were aleo all detected in some samplen
at the low ppb ramge by Casper et al. (1369).
Butler {1973} detected some dieldrin in the low
ppb range in 1968-69. Peaticide levels in
oyster tissues, however, decreased during the
period of the three studies, with cthe latter
study {Butler et al., L97B) reporting no detec-
table residues of any pesticides in a ome-shot
ssupte from two of the original collecting
sites in Mobile Bay., The decline in pesticide
levels over this tiwme period fallowed the
national trend of wignificant reductioms in
chlorinated hydrocarbon contamination due to
bans on DDT and reduced use of earlier, wmore



parslatent peaticides, OQur dats alsag show
littlm wvidenca of moat pesticlides wnamlned and
DDD and DDE concantratlons ganerally only in
the low ppb renge. Active 4 .47-DDT was aegli-
gibla,

A& thlcd trand noted wasa that, ss s group,
the phthalates ware conelateatly the aget ebun-
dant contaminance, Diethyl, di-n-butyl and
bis(2-mthylhaxyl) phthalats were cecordad at
all natural and trensplant witew, with biw
(Z-ethyhaxyl) phthalate [ound in all ssmples,
There was considurabie inter-site varvisbilicy,
but tissua levels of phthalates at many sitas
sramined wars in the moderate to high pph
range. A [ow samplas reaachad concantrations in
tha parts per milllon {ppm) range; tha graatest
lavel recorded was for diethyl phthalate at 3.3
ppu (Table 3). Levels in Mobila Bay wvers con-
siderably slavated gvar tissus lavele found in
a sanple from a non-lndustelially lwpacted
“control" eitw at Cedar Kay, Flocids.

Phthalate avwters are listed by the U.S.
tneiromrmentsl Protection Agsncy as priority
pollutants because of a wide variety of poten-
tial snd suyspectad carcinogenic and other
heaith s#flacte at alevated concentrations (EPA
pub,, 1980}, Purther, they sarve an indicatore
ol genarslized industrial sctivity and the
el luct of populatlon centers oo scosystema,
These compounds are vbiquitous plasticisers
assocliatad with any plascic product
(particularly polyvinyl chloride}, but alwo
have sany other indusctrial uses, rangiog Erom
inesct repellents to wolvente (EPA pub., L980).
Thay are often used an sulventa in tha manufac-
tura of celluleoid, dopas, and varnishes.

Racent capasrch has revesaled that phthalstes,
primariiy ar laschates frowm plastic products,
»ce now towmon-place and widewpread in many
arasn of the suvironmarnt, Lncluding water
sourcan, aedimentes, and aquatic Lifea. Studies
have aisc shown that phthalates can be con-
centTated ih organisms found in weter {EFA
pub., I9AC)., For ecample, after lews than two
waaks phthalate concentraticens la trout,
ceayfioh, and muasale wverg 350-3900 timee that
in water under sxpatrimental conditions {Mayar
end Sandern, 1973; Brown and Thowpson, 198233,
Even though aculs toxlcity levels of phthalates
for most aquatic organiews, particularly
bivelvas (Brosm snd Thompson, L982), are high
(generally in the low to mid ppb range; EFA
pub,, 1980}, sublechal affects at much lower
levels are virtvally unkaown, Further, thare
is no koowiedge of the effecte on mors sen-
sitive aquatlc spacles (Sanders et al,, 1973),

Although information 1lm limited on the
concentrations of phthalatea occurring in
squatic organieme, phethalic enters have besn
reportad at the ppm level in weter and Eish
{EPA pub., [9B0), These slevated resdings heve
genarally been detected near “induatrial”
avreas, with levels recorded for organisms found
in the open ocwan or srean vamoved from
industrial regions being much Less. Fiah from
vavaral stwdisw near developad srwas have been
found to have tissua phthaiats lavaels com-
parable to or sxcawding the levels we found in
bivalves (Stallings at al., 1973).

infortunately, information on phihslate levels
In bivelves {rom comntal waters is wvirtually
nonezintent, The levals we found in Mebile Ray
bivalves were, however, slightly higher than
thoss tound in clame Erom the harbor at
Porthlend, Malte {Ray #¢ al., 1983}, Thus,
bassd on llwited vrewidue information in the
wnvironment, it 19 difficult to accurately
aecavlain vhather the levela we observed are
typical of bivakves in estuaries at the mouthe
of major river aystems or whethar they repre-
sant a locelised mituacion,

Though there was vids varistion between
nites mad samples, concentrations of phthalates
found in the tissues of clame were higher than
those faund 1n oysters (Tablas 2.3)., This may
wall reflect the Fact that class ware asapled
genarally in the upper portions pf the Bay and
near developed, industrial areas (Fig. 1}.
Similacly, within ciam poputatiana, those
sawplad near ar in the City of Mobile snd below
tha sevage trestment plant at Falrhope had
higher phthalste lLevala wvhen tompared to ather
locationn. Redults from tha tranaplanted
bivalves alno gensrally supparted this trend.
Clamp coliscted balow MchDulfin Iwland contained
thy saximmm level {ound wnd the higheat mean
for all phthalates as & group.

Sevecal trends in timing of collectiona
and site locstion wert aleo noted in our wtudy.
Seasnonalicy in abundance of contaminsnts in
bivalvy tiwsuan was observed in oywtecs
collected during L9822 and in claws (srasonally
collected in 1984). Although individual pollu=
tants waried, wost compounds were found ak
highest leveln in spring and were lowest in rLhe
[all wampies. This is likely attributed to a
greater freshwater influx in spring, with
resulting increaved runoff from the land of
agricultural and iodustrial chemicalw, and to
the loss of Lipide {ssscciated with the repro-
ductive cycie) in bivalves during the latter
portion of the year. Seasonal trends were nat
evidant in oymters collected during L983
however, Spring 198) was exceptiaonally wer,
anid gysters were exposed Lo extended periods of
almost totsl Ereshwater in Mobile Bay.
Extended "shutdown™ of feeding and filtration
could have accounted Eor tower levels of accu-
wulated contaminanta during this pericd. The
pracise timing of collections #s to localized
reproduction or recent rain events could have
alse reduced mignificant semspnal vacialione.

For both oysiere and clems, between-year
variability in the types and levels of pollu-
tants detected vam not great. Most compounds
were found st roughly wimilar frequencies of
accurreace and concentretions,

Though intervsite varlability occurred,
similar types and levels of contaminsnts wers
chaerved at wost oyster colleciing sites.
Dauphin Ielend Bay oysters had slightly wore
totasl contaminmsnte, though not mignificantly
diffarant from other sites, For clamm, there
was ¢ tendency for tismue pollutant levelr to
be highar at sites adjscent te more
industefaliced areaw in the upper Bay {ep.,
near McDutfie Juland and the harbor} and lower
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in areas more removed from industvial wources
(eg., Pish River and Polecat Bay). This same
trend was obwerved in the traneplanted
bivalves, The peak levela of most compounds
detected {particularly those related to
industrial solvents and coal residues} occurred
in the three baskets planted in the harbor and
extreme upper Bay regiocn. The levels af total
contamingnts averaged wlightly higher st these
sites when compared to other transplant sites.
(ne of these sites {harbar) was particularly
natable. It was the only transplant sits st
which benzofluoranthene, indencpyrens,
2,6-dinitrotoluene, lindane{BHC), snd endo-
sulfan sulfece verve detected. It was the only
time during our entire study that the latter
three compounds vere debected, Qverall,
however, despite those trends, it vam evident
that no severe "hotspot" of chemical con-
tamination was decected, us the observed trends
were nok dramatic,. Generally, roughly similar
levels and concentrstions of pollutants
occurred at most sites. Currents, tides, and
other hydrologic forces in Mobile Pay must,
therefore, distribute contaminants to
vwidespread areas of the Bay.

Finally, clame were observed to be
alightly "dirtier” than pysaters in that
1} levels of most of the compounds seacched for
wete generally higher in clams, 2} the mean and
acan oaximum of total contaminants found were
two to three times higher in clame, and 1) a
similar aumber of compounds were detected in
clams with Eewer total samples than cyeters.
Thiv most likely reflects the fact that many of
the clem collecting sites were located in the
upper reaches of the Bay (Fig. 1}, closer to
industrial areas end potential pollutant
aQUTCER.

ASSESRSMENT OF ORGANIC POLLUTION

The results of our study have shown thet a
wide variety of organic contaminants are found
in the tissues of bivalves from Mobile Bay,
Cowpounda associated with pesticides,
industrial solvents, dyes, plastics, coal tare,
and petroleum and fossil Euel combustion pro—
ducts were found, indicating at leaat saome
impact from indostrial, sgricultural and
transportation sources. It is to be noted,
however, that, with few exceptions (primarily
phthalates), the conceutrations of most con-
caminants found in individnal samples were in
the low ppb range, and that sasples varied con-
siderabiy as to the presence or concentrations
of many contaminaots,

Considering that the levels of con-
raminants found in bivalve tissues were
genevally in the low ppb range and that no
severe pollution "hotspots™ were found, it ia
apparent that overall orgasic pollution in
Mobile Bay, 88 reflected in these indicator
species, is currently below what we would con-
sider to he high ar critical values. This is
supported by comparison of contsminant lewvels
previousiy found in bivalves from other
astuariap in Horth America and Euvope {NAS,
1980; Kidder, 1977).

Numeroua studies have shown widely varying
levels of poliutants in sheilfish throughout
the world (NAS, 1380; Ridder, 1977).
Comparisgns betwveen studies, howevar, are aften
difficule and can usually only be done in a
qualitative sense, Differeaces in wpecies
used, callection techniques, analyses and
extraction procedures, instrumentatioo qualiry,
and the time frame all coanteibute to poten—
tially cloud compariscns. Further, most
atudiaa have measured different chemical pars-
meters, some quantifying total closses of com-
pounde {(eg., total hydrocarbons}, othera
mepsuring only one or two specific compaundm,
while still others attempted to measure a whole
range of potentially delaterious compounda
(eg., this study). In addition, not all com-
pounde are taken wp and released by shellfish
in the apme wanner,

Given these limitations, & comparison of
data aveilable from the large amount of litara-
ture on concentrations of contaminants in
shellfish worldwide reveals that bivalves from
many sveas previously studied show conmidergbly
higher levels of most centaminante or groupa of
contaminants when compared to ocur results.
Humerocus examples can be documented that sppear
ta be {or have been} more affected than Mobile
B3ay by total hydrocarboos, PAH's, ar pesticides
(MAS, 1960; Yidder, 1977). In particular, much
greater lavels of pesticides have been hiatori-
cally documented in wany locations. When spe-
cific compounde quantified in our atudy are
compared to data available for some of theae
sane compounds in whellEish from orher
locations, the conclusions are s#imilar, For
axample, fluorantheae, pyrene, phenanthreans and
aaphthalene levels were shown to be much higher
{spme approaching 6 ppm} at a good number of
bay and estuary arcas st which collections were
made along the U.%., coastline by the Musael
Watch Program in the mid-to-late L970's (NAS,
19a0].,

Based primarily on the results cf the
Musael Watch Program and qualitative com=
patisons to other atudies, it would appear that
Mobile Bay is ia the wide mid-range of
chemicaily-impacced estuaries andfor coastal
sites, An oversgll view of the Husmel Watch
data indicates that a Eaic number of specific
sites sanpled along the Korth American coast
appesr "cleaner”™, but a significant number of
other siten appear considerably wore impacted.
It should slac be noted thst cur study showed
winimal peaticide problame in Mobile Bay, indi=
cating an improvemsnt over conditions found
during the 1960's and early 1970's. 0Ou the
other hand, the phthalate concentrations found
appear elevared, but comparative data [or
coantal bivalves is lacking for adeguate com-
parisona, Though the leveis of phthalaten
found are of concern, these rompounds do have
velatively low toxiec qualities {EPA pub.,
1980).

While the overall organic pollutant levels
in Mobile %ay, as indicated by tiesue levels in
bivalves, is below what we consider to be high
or ¢ritical levels, our study indicates a wide



wariaty of industrial and fossil fusi-related
contamingnts sre prasent in Mobile Bay waters,
The effecte of many of thess compounds on
shellfiah mnd humans sre virtually unkanwn.
Yutther, their combined eynergistic eflectn and
interactions are potentially significant. Our
study also lnvestigated only & small number of
potential contuminante. Others, uninvestigated
by our study, may be reaching and mignificantly
affecting biological organivas in Mobile Bay,

Basad on the levale of ocgacic can-
tamination found in pur study, s potential
muman health threat, considering normal con-
suapticn patternd and current food standards,
ju not Likaly indiceted. Current tolecance and
action lavels asbablishad by the FDA for human
fopds in geanral and ahelléish an particular
are vall sbove levals found in bivalves from
Mabile Bay for Lhose compounds for which etan—
dards hava been sntablished [ex, aldrin,
disldrin, endrin, BHC, DDT, heptachlor, hep-
tachlor epoxide) (YDA pub., 1982}, However,
acceptable standerds [or moet of the compounds
we swxaminad have yebt Lo ba swtablished.

Tha dats gathecad ln this study, showving =
wide variety of cantasinant claswses, ¢veR
though ¢urreatly at ralativaly lov leveln for
wost, wervea a8 a poteatial warning that
changes have occurred or are occurcing in the
Mobile Bay sstusrine snviroment,
uUnfortunately, we have littie historical com-
parative data for sost pollutante. The pressnt
data, however, can sarve an & haseline ro evalu-
ate any potential future changes in blvalve
conteminant content and, ultimstely, water
quality in Mobile Bay. The current National
Stutus and Trends Program of MOAA has urged
that sampling nf bivalves for organic con-
taminants taks place at etcategic atetions and
senuictive locations slong the U.3. comst st
laast wvery fiva yoars, Such efforts could
establish rates and saverity of change in
cosetal and sstusrine habitats. 1ln view of our
results and changss Lln the commerce and
industrial aspacts of Mobile, we ntrongly urge
that Mobilw Bay be laciuded in any future
sampling snd monitoring progras.
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MOWILE BAY: THE RIGHT ESTUARY IN THE WRONG PLACE!

Wayne C. Isphording. Department of Geology-Geography. Unlversity

of South Alabama, Mobile, AL 36&80

George . Flowers, Department of Geclogy,

New Orleans, LA 701138

Tulane Universlity,

ABRSTRACT: No estuary in the northern Qulf of Mexico has beon the subjsct of
greater controversy during the past flve yoars than Mobile Bay. The
discovery of a major grs fleld beneath the hay, its selection as a homeport
site for the new Adulf flotilla, a request for docking privilegea for a toxic

wante incinerator ship near the head of the bay,.

and 2 reguest for construclion

of new outfall lines and sediment disposal sites within the bay have all

generated lively diacussion.

When compared with other bays in the northern Gulf, howsvsr, Mobile Hay

is found to be less ahle to cope wlth patential environmental incidents

than the other estuaries. This, becaure of its already =nvironmentally
wtressed nature and the fact that ite bamlc characteristics have

conspired to assure that it recejves aaximum {mpact from any environmental
accldent. A high smectite clay and organic carbon content, comblned with

the axtremely fine textured nature o! ite sedimente, increase the probability
that bath organic and inorganic pollutants will enjoy long term residsncy
should an mccident occur., Somwe indication is now also present to Indicate
that epill-over of heavy metale to the resident bilots has already taken

place.

INTRODUCTION

Mobile Bay s the terminus of the
¥ation's fourth largeat river system and is
exceeded, in terms of discharge. only by the
Mimmissippi, Columbia, and Yukon rivers. The
river systems that empty into the bay includs
the Warrior, Tombigbees, Cocsa, Alabama, and
Moblle and each drains areaa of moderate to
heavy induwtrial and municipal development.
Aw u consequence of this, large guantitles
of effluent are routinely discharged into
these rivers and, ultimately, [finda jts way
into Mobile Bay. Prior to the passage of
Federa! and State ragulations controelling the
gquantities of such effluent, large amounts of

contaminants entered Moblle Bay on a daily
basle. Even now, with major restrictions
placed on levels of materjals that can be
discharged, an estimated 162 milllon galleons
of muni¢ipal and industrial effluent enters
the bay each day just from sources in the
Moblle area [Loyacano and Busch, 1979}

When it is realized that the watershed that
terminates with Moblle Bay drains more than
two-thirds of the State of Alabama, and
portions of nelghboring Georgia, Tennessee,

and Migseisaippi, as well, it is not difficull

to understand why the bay has been
characterized as "environmentally stressed. ™



In additicen to contaminants that are
brought into the bay by the Meobile River
system and by discharge of effluent from
gsites near, and marginal to the bay itself,
the bay has, or will be, subjected to
additional stresses that must be carefully
exanined or monitored in order to minimize
the affect on the bay. The selection of
Mabile as a "homeport" for a portion of the
planned Gulf-Carlbbean fleet may require some
additicnal dredging of the existing ship
channel and, possibly, the identification of
new spoll disposal areas in the bay. While
the dredging, in itself, should create few
problems, any decision as to where spoll ls
to be placed must be carefully considered.
Similarly, whereas the drilling of gas wells
by major 0il corporations has, to date, had
Jittle impact upon the bay (to the obviocus
distress of those who had forecast a variety
of dire consequences), wine decisions were
made to prohibit the dumping of drilling
wastes within the bay. This, not because the
drilling wastes themselves pose any great
environmental threat to the bay, but sismply
hecacse the average depth of thls estuary ls
only 3 meters, hence the disposal of any
material in the bay could create problems.
Furthey, because of the shallow nature of the
hay, ite complex circulation patterns, and
the restricted passage tc the Gulf of Mexico,
any pollutants that find thelr way into
Mobile Bay are generally assured of an
extended residence time, Therefors, sven
though regulations now control the gquantities
ot organic and inorganic contaminants that
may be discharged directly into the bay, or
into rivers terminating in the bay, the
situation 1s akin to "clesing the barn door
after the horse has escaped." For example,
while regulations now control the gquantities

of actual metal compounds that can be
diecharged in the hay, prior to the
imposition of these limits excessively large
guantities (of several orders of magnitude,
or greater) were routinely discharged on a
daily basie. This discharge took place, not
over a period of several years but, In the
case of some metals, over & period of several
decades. Further, because of characteristics
of the bay more fully elaborated in the
followling paragraphs, the bay has acted as a
“sump" for many of these compounds and, not
unexpectedly, the bottom sediments now
contain =levated guantities of a number of
differ=nt metal species.

As a consequence of the above, Mobile
Bay is in a delicate state of health and
could be suffer long term enviroenmental
impact by the inadvertent discharge of toxic
material within the bay. Thus, while the
authors are wholly in favor of the
incineration of toxle wastes, and applaud the
use of incinerator ships for the destruction
of such compounds, Moblle Bay is simply not
the place to base such vessels for reascns to
be discussed below., A similar statement
would also apply to the granting of
permission for new cutfall lines, unless of
course the discharged material was first
processed to eliminate, or preclude. the
further accumulation of toxic wastes In the
bay.

CHARACTERISTICS OF MOBILE BAY
Water Budget

The Moblle River watershed area
encompasses a total area of nearly 112,000
¥km2. As such, this watershed is the sixth
largest in the United States, in terms of
total area and, as mentloned previously, the
fourth largest in terms of discharge. Unlike
the other river systems, however, the
discharge exiting the Mobile River enters a
largely enclosed estuary, rather than the
open sea. Consequently, cutflow of water
from Mobile Bay is restricted and is confined
to two relatively narrow passes. One,
emptyling into Mississlpp! Sound, carries off
approximately 15X of the total discharge of
the river system whereas that beiween Dauphin
Island and the Fort Morgan Peninsula carries
off the remaining 85%. Besides the narrow
openings avallable for discharge and the

complex circulation patterns that exist in
the bay, extensive spoil banks assoclated
with the ship channel further act to restrict
water movement in the bay and impede the
natural "flushing" actlon that would normally
take place., These factors, combined with an
annual sediment influx of some 4.7 million
metric tons (Ryan, 1969), create 3 situation
wherein contaminants carried intc the bay
accumulate on the particulate matter and
largely remain in the bay.

Sediment Description

Approximately 65 km north of the City of
Moblle, the Alabama and Tombigbee rivers join to
form the Mobile River. This river flows Iin a
single channel for an additional 8 km and then
branches into a nhumber of distributary streams,
forming the Mobile River delta. The delta has
profoundly affected the bottom sediments of the
Mobile Bstuary by acting as a trap for the
removal of coarse grained sediments both sand and
gravel). Hence sediments that are discharged
into the bay are dominated by silts and clays and
any sands present are largely derived from
erosion of the Plio-Pleistocene Citronelle
Formatlon and Miocene Ecar Rouge Sand that are
exposed in highland areas adjacent to the bay
{Isphording and Lamb, 1979}). Thus, when plotted
on a ternary diagram (Fig. 1), the sediments of
Mcbile Bay are seen to be conspicuously different
from those of cther estuaries in the northern
Gulf of Mexico in containing markedly higher
concentrations of fine grained sediments. This
creates an immediate complicating factor from the
standpoint of heavy metal or crganic
contamination of the sediments because as the
particle size decreases, the surface area
increases. Thus, the surface area avallable for
adsorption of contaminants whose average size is
0.001 mm {clay size) is 1,000 times greater than
that for particles of 1 mm (sand size). Stated
another way, clay-rich sediments are therefore
1,000 times more likely to be affected by spllls
resulting from the inadvertent influx of
municipal and industrial contaminants.



Apainchicole Bary

Fig. 1.-- Ternary diagrsms showing bottom sediment sand-silt-clay
percentages for major bays and estuarjes in the northern
Gulf of Mexico.

Carbon Content

Table 1 shows & comparison of carbon
levels, both In the form of organic carben
and carbonate carbon for all major estuaries
in the northern Oulf of Mexico. Mobile Bay
sedinents are sesn to contain the highest
levels of organic carbon for the sstuaries
listed and to poesess carbonate carbon levels
that are sxceedsd only by sedimentes in
Apalachicola Bay, Florlda,

Carbonate carbon was found in Mobile Bay
in amgunts ranging from ero percent, iIn
sand-rich sediments, to nearly B percent in

the vicinityof medern and ancient oyster reefs,

Microscopic examination of samples revealed
that the source for this material was largely
from shell debris rather than from a directly
precipitated, lnorganjic source.

Organic carbon averaged over 3 percent
and abundances were strongly related to the
grain size of the sediments. Areas of clay-
rich sedimenta contalned carhon percentages
in exceas of 2 toc 3 percent (often as high as
& percent}! whereas coarse gralned material
was geterally deficlient in organic carbon.
The latter stama from the fact that the
higher permeability of such sediment allows
active water circulation which causes more
extenslve bacterlal action and oxidation of
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Pct. Poct.

Pct, Bct. Pct, Organic Carbonate
Location Smectite Illite Xaclinite Carbon Carbon
Miss. Sound T4 13 iz 0.82 0.B0
Perdido Bay 65 10 25 1.33 Q.23
Pensacola Bay 67 12 21 2.%0 ¢.55
Apalachicola Bay L6 9 33 Q.75 1.94
Mobile Bay T0 10 20 3.24 0.98

Table 1.~- Principal clay minerals, organic carbon and carbonate
carbon percentages for bays and estuaries in the northern Gulf of
Mexico [(modified from Isphording, Stringfellow and Flowers, 1985)

the organic matter present. fThe overall high
levels noted in the Mobile Bay sediments,
however, can be traced to a combination of
the periodically strongly nagative redox
potential and the high clay content of the
sediments which provides an environment
favorable tg the the persistence of organic
material, Unfortunately, these same two
factors also strongly favor the adsorption
+and retention, of a variety of organic and
inorganic pollutants.

Clay Mineralogy

Table ! reveals that the mineralogy of

Mobile Bay bottom sediments is dominated by
smectite group clays and also contalns lesser
amounts of kaclinite and §l11ite (clay mica).
Philliipmite, a zeolite mineral, was also
observed on a number of X-ray diffractograms.
Highest levels of smectite claye were
obaesrved near the head of the bay (up to B0
percent) whereas kaolinite was most abundant
near the mouth of the bay. The former is
simply a reflection of the fact that clder
rockse in the Coastal Plain {and Piedmont)
have served as the principal sources for the
smectite clays. While some kaolinite is
undoubtedly derived from the weathering of
these rocks and, tc a lesser extent, from
erasion of Cltronelle and Ecor Rouge
formation unjts that are immediately adjacant
te the bay, the higher concentration of
kuaolinite near the mouth of the bay probably
reflects material that is washed into the bay
from the Gulf of Mexico (see Ispheording and
Lamb, 1974).

From an environmental standpoint, the
clay mineralogy of Mobila Bay has also worked
a dig-service. Smectite clays posssss the
highest catlon exchange capaclties of all
common c¢lay minerale (those for Mobile Bay
range from 60 to nearly 300 meq/l) providing
for the adsorption of elevated levels of
metals and various organic contaminants.
Thus the sediments of the bay possess three
characteristics that offer the potential for
retenticon of intentionally, or inadverteant,
discharged pollutants in the bay: [1) an
abundance of clay-sized particulate matter,
{(2) high levels or organic carbon, and {3]) a
clay mineralogy dominated by the Smectite
Group clay, montmorillonite,

Heavy Metal Chemistry

Though a number of natural sources can
act to release significant quantities of
heavy metals into the environment {ses
Taylor, 1970: Cousma et al., 1979},
anthropogenic point sources of metals rank as
the most Important factor controlling heavy
metal contamination of sediments, Brady
{1979) reported that a total of 189 million
gallons of industrial and municipal effluent
is discharged intc Mobile Bay, each day,
slmply from sources located in the Mohile
metropolitan area. Scurces for this
discharge can be traced to 19 municipal
wastewater point saurces, 38 industrial
sources, and an additional 49 semi-public and
private discharge sources. When similar
cantributions from locations elsewhere
in the 112,000 km2 watershed are considered,
it becomes cbvious that there are many
hundreds (even thcusands) af distinct point
sources discharging effluent that eventually
finds 1ts way into Mohile Bay. Even though
the allowable discharge guantities are now
controlled by the National Pollution
Discharge Eliminaticn System (NPDES), which
strictly limits discharge levels of specific
pollutants, this act did not become law until
1972 {Public Law 92-50C). Prior to that
time, mssentially unrestricted discharge of
wastes was routinely carried out throughout
the sntire watershed. As an example, prior
to the enactment of Public Law 92-500 one
company in the Mohile area was releasing an
average of 1,470 kg of zinc each day.
Quantitles on some days reached as high as
4,250 kg. NPDES regulations now restrict
allowable levels for this metal to no more
than 45 kg per day but, as will be shown in
the following paragraphs, the damage to the
bottom sediments has already been done, The
effect of unrestricted discharge into rivers
emptying into the bay over the period of many
years has been to "locad” the bottom sediments
of the bay with excessive levels of a number
of heavy metals (see Isphording, 1983)

This can be seen Iin Table 2 which shows a
conparison of heavy metal levels in Mobile
Bay with those of other bays in the northern
Gulf of Mexico. Metal levels in Moblle Bay
are generally seen to exceed those in each of
the other bays, often by amounts of up to one
order of magnitude.



8t. Louls Miss, Perdido Pensacola Escambla Mobile
Element Bay Sound Bay Bay Bay Bay
Cadmium 1 1 1 1 1 ]
Lead 15 15 nr 40 19 51
iron 53,300 23,107 32,740 24,074 29,268 35,648
Hickel 9 24 a6 16 9 57
Cobalt a 13 a3t 10 12 29
Chromium 10 57 15 56 40 63
Copper 10 20 31 19 9 3z
Vanadium [ 80 T2 47 T4 163
Barium nr 251 95 ar nr ag
Zinc 6% T4 12 140 43 360
Table 2.-- Bottom sediment heavy metal contents (in ppm) for northern

Gulf of Mexico bays, lagoons, and estuaries {(modified from Isphording.

stringfellow and Flowers,

In order to obtain a measure of the
degree to which the bottom sediments of the
bay have been "impacted” by metal contami-
nation, the 10 lowest values obtained from
clay-rich sediments were averaged for each
metal. This valus was then divided into the
average value obtained from analysis of all
samples analyzed from the bay to produce an
“average enrichment” value. The results are
shown in Table 3 and rust represent a truly
minimum figure. This because: (1) the 10
lowest values for Mobile Bay may be
substantially higher than those for other,
"minimally impacted” bays, and {2} the
average value obtajined for the 10¢ samples
from Mobile Bay includes analysee from
samples collected from the margin of the bay
which consisted almost wholly of sand and,
therefores, would possess little in the way of
heavy metal contamination.

Note that each of the metals in Table 3
occurs in amounts 2 to 4 tlmes above the
magtimated background levels. Zinec, in
particular, was present in amounts at least 7
times that which might be expected in a bay
showing minimom environmental impact and
chromium was present at levels nearly § times
above estimated background guantities.

With respect to the spatial distribution
of metals in the bay, some metal specles
indicated distinct polnt sources for the
contamination wheresas pthers were observed

1985).

to be more randemly distribvuted. Zinc, for
example, was present in amounts of 1800 ppm
in the wicinity of the State Docks where the

Mobile River enters the bay. The scurce for
this anomalously high zinc is not the State
Docks, howsver, and the elevated value simply
reflects sediment adsorption of the metal at
the head of the bay as a consequence of large
quantities of zinc hrought in by the Mohkile
River System.

iron, similarly., shewed high concentra-
tion toward the head of the bay and along the
eastern side of the bay at the mouths of
several small streams. Its higher concentra-
tion at the head of the bay probably results
from a combination of bottom clay adsorption
of the maetal and its precipitation in the
form of an inscluble hydroxide brought about
by a change in pH as the more acid river
waters enter the bay. The highar amounts of
iron near the mouth of Fish River and the
Magnolia River alaong the eastern shore
undoubtedly reflect high iron levels Iln these
streams assoclated with the historic brick
mamufacturing industry located upstream and
adjacent to the rivers.

grrontium also was site specific in the
bay but the locally elevated concentrations
probahly are related to higher carbonate
levels for sediments at thase sample
stations. The common substitution of both
gtrontium and barium for calcium in the

Metal Mean Range Background Enrichment
Zinc 160 13-2.,689 50 7.2
Copper a2 B-49 20 1.6
Iron 35,648 2,230-57,830 13.652 2.6
Chromium 63 2-214 13 4.8
Vanadium 163 31-2590 T4 2.2
Nickel 57 17-100 31 1.8
Strontium 44 1-156 19 2.3
Barium 49 20-540 20 2.5
Cobalt 29 6-38 17 1.7

Table 3.-- Means, ranges, estimated background levels and

estimated "enrjchment"

levelis {in ppm)

for Mghile Bay bottom

sediments (Data modified from Isphording, 1983).
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lattice pf both calcite and aragonite would
explain, at least in part, the similar
distribution patterns for these metals (cee
Isphording, 1982).

Heavy Metal Fartitioning

The utility of determining the site
partitioning behavelr of metals in bottom
sedimenta for the purpose of assessing
blological availability hms been discussed in
a previous paper ({see Isphoprding, 1983},
Briefly, however, the procedure jinvolves
determining the percentage of a specific
metal that is contained in the sediments in
the form of: {1) a pore water fraction, (2)
exchangeable ions, {(3) an easily reducible
phase asaociated with disseninated manganese
oxides and hydroxides, (4) a moderately
reducible phase associated with disseminated
iron oxides and hydroxides, (5) ions
amsociated with sulfides, organic compounds
and organo~metallically chelated compounds,
and [6) structurally coordinated ions
occupying defect positiona in the cryatal
lattice or ocecurring in octahedral or
tetrahedral voidms in the clay mineral
lattice, The importance of identifying the
partioning behavoir of a metal lies in the
tact that, depending upon how a metal is
partitioned, it may or may not be in a form
that allowe ita later release back into the
water column or allows the metal to be
absorbed by bottom-dwelling, filter-feeding
organisms {clams, oysters, crabs, ete.},
Metals partitioned in the pore water
fraction, the exchangeable ion phase, and
assoclated with organic and organo-
metallically chelated compounds are
espaclally mobile wheresas those held as
atructurally~coordinated lons are essentially
"locked” in the lattice and not subject to
re-mobjlization. Metals held as either
easlly reducible or moderately resducible
phases are intermediate in their re-
mobilization behavolr but may peprmit
slgnificant relsase if processes act to
markedly changes the pH at the sediment-water
interface. Partitioning data for 7 metals
from Mcbile Bay bottom aediments is shown in
Table &,

Percent in

Percent in

Several cbssrvations can be ?r::n from
the data presented in Table 4: (1 e
Percentags of structurally-coordinated ions
is generally less than 50 percent; thus, with
the exception of nickel, a significant
portion of the metals held in Mobile Bay
bottom sediments are susceptible to
resusapension in the water column or transfer
to the biota by ingestion, {2} low values are
generally obtained for metals held in both
the pore water and exchangeable phases; this
is In agreement with the results of BErannon,

et al. (1877} who found elevated values in
this phase for manganese only {3) site
partitioning of metals cannot be predicted
solely from the metal's position in the
Feriodic Table; though copper and zinc show
aome semblance of similar behavior, nickel,
iron, chromium and manganese differ
slgnificantly: the reasons Eor these
differences undoubtedly Involve differences
in pH, redex potentlal and other physico-
chemical factors existing at the depositional
site when when the metal 1s Incorporated inte
the mineral lattice {see Gambrell, et al.,
1900), (5} 1ron and manganese oxides and
hydroxides are important scavengers of metal
lons; possible future use of this fact might
involve the utllization of such compounds to
cantroel metal pollution In restricted bodies
of water in the event that an accidental
industrial spill takes place, (5) a
significant portion of the metals present in
bottom sediments are partitioned In organic
compounds; this form, in fact, may represent
the greatest threat to environmental
contamination because of the general
instahility of these compounds stemming from
their sensitivity to changes in pH and redox
potential,

Biota Contamination

A discussion of the effects of heavy
metal contamination of the resident oyster
population of Moblle Bay was previously
published (see Isphording, Stringfellow, and
Flowers, 1985). The results of that study
will be briefly summarized in the following
paragraphs.

Percent in Percent in

Pore Water & Reducible Organic Structurally

Metal Exchangeable Phase Fhaees FPhases Bound Phases
Copper 0.5 4, 4B.5 46.9

Zinc .9 15. £9.8 4.2

Iron 1.5 73, 16,1 a.¢
Chromium o.2 51. 1.5 45,1
Rickel 0.4 30, 2.6 K6, 7
Barium 2.1 53, 30.9 13.1
Manganess 9.9 29, 43.4 17.1

*includes 12.7X assoclated with

carbonate minerals

Table 4 .--Partitioning behavoir of metals from bottom sediments of

Mobile Bay, Alabama (modified from Isphording,

1983).



In order to assess the lmpact of
apparently elevated heavy metal levels in
Mobile Bay bottom sediments upon the
indigenous fauna, samples of oyster tissue
ware obtalned from all major commercial reefs
in the bay. Heavy metal levels were then
determined for each of the samples and were
then compared with analyses published for
tissue samples from cther sites In
sputheastern United States.

Background.~- Oysters serve as excellent
indicators of metal pollutlen in the
apvironment and have been extensively studied
(see Zarooglan, 1980; Avyling, 1974, Silewicki,
et al., 1982). The common oyster,
Crassostrea virginica, is especially useful

because numerous studies have documented the
toxlclty levels of a number cof different
petals for this species and have established
the mechanism of metal uptake and tissue
accumulation (Zamuda and Sunda, 1982;
Zarcoglian, =t al., 1979; Cupningham and
Tripp, 1973). Oysters, as well as other
filter feeders, baslically cbtalin trace metals
by ingesting sea water and sunspended organic
and fine particulate matter. Certaln trace
elements and nutrients necessary for life are
retained whereas those unnecessary are
excreted from the animal. As with higher
trophic forms, certain metals are necessary
for normal growth and development but
excessive amounts can be toxic or result in
altered productivity or a decrteased capacity
to withstand environmental stress (Zamuda and
Sunda, 1982). Specific uptake of individual
metal species occurs, in part, by binding of
the metal to ligand sites at cell surfaces,
followed by subsegquent passage into the
tissue where the metal becomes fixed to
metal-binding proteins (Roesijadl, 1982).
Cnce fixed in this form, elimination of the
metal is, at best, a slow process, Moody
(1981}, for sxample, described the removal of
oysters from Mobile Bay which had natural
levels of zinc in tissue in excess of 2,000
Ppm. Depuration of the metal amounted to
only 25 percent when the oysters wre placed
in tanks for a period of six months. Greig
and wWenzlof {1978}, seimilarly, showed that no
significant elimination of cadmium had
cccurred in oysters after 40 weeks in a low
cadmium environment. Zarcogian [1980)
further noted that (p. 276) "...a highly
significant linear relationship existed
betwesen cadmium concentration in the total
soft parts and cadmium concentration in sea
water....it thus appears that Crassostrea
virginica does not regulate cadmium in its
tissues.” The significance of this
observation are that oysters apparently have
the ability of concentrating certain metals
to levels in excess of those normally fouynd
in the form of low moiecular weight
metalloenzymes (metallothioneinsd. As such,
"spillover” of metals into the high molecular
weight fractlon may occur and thesge may
succeed in reaching sites of toxic action
{enzymes and genetic material). Though some
have argued that such "spillover" does not
eccur under natural conditisns (see Bascom,
1983}, those conclusions wers reached by
analyzing samples of tissue collected from

animals from open marine environments. It is
therefore more likely that fauna collected
from restricted estuarles that are recejving
{or have received in the past]) high levels of
contaminants would behave in a manner more
simllar to "dosed" labaratory speciments and
can suffer the effects of "spillover.”
Estuaries having high levels of metal (and
organic) contaminants should therefore be
viewed with concern by regulatory agencies
not only because of the health of the
resjident fauna but also because of the
eticloglcal effects that may result from
cansumption of these fauna by others higher
in the trophic pyramid (see Isphording, et
al., 1983}.

Mobile Bay Results.-- A comparison ef the
average zinc content in tissues from the
common oyster Crassostrea virginica from
various sites in southeastern United States
is shown in Table 5,

While Bascom's {1983) opinion that high
concentrations of metals pose no problems o
animals in the open sea, 1t would certainly
be incorrect for an estuary such as Mobile
Bay. Table 5 shows that Mobile Bay c¢ontains
the highest levels of zinec for any major
estuary 1n scutheastern United States and
that sjzeable accumulations [(i.e.,
"spllliover") can take place in the ‘issues.
It should alsc be noted that the figure in
Table 3 is an average value and that some
samples exceeded 4,000 ppm! Zinc
concentrations of this magnitude exceed those
threshold values at which damage tc the
organism takes place. Thus, levels of this
metal have now been documented in the bay
that should command the attentinn of
regulatory and monitoring agencies.

Logically., if zinc 1s present in the bay
oysters in such anomalous amounts, i1t is only
reasonable to conclude that other metals
might also be present in elevated guantities.
To examine this premise, Table 6 shows a
comparlgson of heavy metal levels in the
tissues of Mobile Bay oysters versus those
from St. Louis Bay, Mississippi (which was
also characterized by high levels of zinc).

It is obvious from Table € that*, with
the exception of Titanium, Mobile Bay oysters
pogsess significantly higher levels of all
other heavy metal species. As noted in an
earlier paper [(see Isphording, et al., 1983},
there js little Iiklihood that metals now
present as plther free ions or complex lons
in the water column are a significant cause
for the high metal levels in the bay's
oysters. This conclusion stems from the
simple fact that water column samples from
both St. Louis Bay and Mobile Bay contain
eszentially the same quantities of dissolved
metals. Rather, it was concluded that the
source of the higher levels in the Moblle Eay
fauna were the result of extraction of metals
from the heavily contaminated bottom
sediments [and possibly the hydrosocl layer
immediately above the sediment-water
interface} by the oysters during feeding
activity. Only these sites differed
significantly in metal contents when samples

1M
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Location Zinc {in ppm}
Moblle Bay. Alabama 1,R887
San Antonlao Bay, Texas 122
Flower Garden, Texas 268
Gravellne Bayou, Mississlippi f18
St. Louls Bay., Mississippi #21
U.S. Scutheagt Coast [average) 1013
Apalachicola Bay, Florida 158
Table 5.-- Zinc levels (in ppm} in Crassostrea virginica for

sltes in southeastern United States (modified after Lytle and
Lytle, 1982; Isphording, Stringfellow, and Helton, 1983}.

St. Louia Bay

Mobile Bay Concentration

Metal Mississipp} Alabama Factor
Cahalt 0.04 11.0 275

Chromium 0.1 a.1 1

Copper az 106 1.3
Iron 57 694 12.2
Nickel 0.2 18 90

Titanium 2 1 0.5
Vanadium 2 53 31.5
Zinc 821 31,887 2.3

Table B6.-- Average heavy metal content (in ppm) In specimens of

Cragsostrea virginica from St. Louis Bay, Mississippl and Moblle
Bay, Alabama. Relatjive difference between samples from the two
sltes iz chown as "concentration factor.®

from the two Areas were compared. This would
indicate, almost certailnly, that it 1s not
the present level of metales in the water
column that have created the problem
situatich in Mobile Bay. Rather, the problem
can bhe traced to the large guantitiss of
metals that were discharged into the bay and
were lncorporated into the sediments prior to
the imposition of present discharge
standards.

CONCLUSTIONS

The history of Mobile Bay is similar to
many other eatuaries in that it has acted as
a reservoelr for heavy metals and its
sedimente have adsorbed significant
gquantities, over the years. These metals
have been derived chlefly fraom the discharge
! municipal and industrial effluent but, Iin
part, also stem from natural cawaes., Because
the sediment is a reservolr, and not a sink,
a flux may exlist in either direction at the
sediment~water interface, depending upon
ambient conditions. Hence, the sediments
have the ability of releasing metals either
back into the water column ov, by Ingestion,
into the resident fauna. Samples of oyster
tissue analyzed from Mobile Bay show that the
fauna have, and are, accumulating elevated
amounts of scome heavy metal species. Some
metals, in fact, have reached levels in the
tigsue that should be cause for conrcern.
Pecause of this, man's activities in the bay
will have to be carefully monitored to insure
that the delicate balance that now exists is
not disturhed. The very nature of the
sediment properties in the bay makes this
necessary. Three factors have conspired to

place the bay in jeopardy: (1} the bay is
dominated by fine grained sediments (silts
and clays} that have an enhanced abllity to
abeorb pollutants and contaminants, {2) the
sediments are alsc characterized by high
levels of organic carbon; this material,
simlilarly, has a strang affinity for the
absorption of contaminants, and {3} the clay
mineral fractlon of the bottom sediments
containm high quantities of smectjite clays;
these clays, more so than any others, have
the ability of sequestering organic and
inorganic contaminants, both on the surface
of the clay platelets and within the lattice
of the mineral. These factors, combined with
the fact that Mobije Bay is both highly
Industrialized and serves as the terminus for
the diascharge of one of the Nation's major
river systems, have acted to create a
potentially complex situation. Becauss the
bottom sediments do have the ability to
absorb larger quantities of pollutants than
those in other bays and estuaries in northern
Gulf of Mexice, and because the bay does
ssrve as A major source of commarcial
seafood, care must be taken to prevent any
serious incidents involving either
inadvertent discharge or splllage of
coentaminants in the bay. Fop this reasnn

the authors would advige against the basiﬁg
of toxic waste disposal vessels ipn the ba
This stems not from the "emotional issue"y‘
ralsed by some that the vessels are un-
hecessary or that theare is a danger of
splllage caused by a colliston in the
Rather, {1} such vessels are not only
necessary, but are desirable; far better to
insure the destructicn of toxic compounds at
high temperatures under conditions permitting

bay,
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the total monitoring of the activity (rather
than burying the wastes in a landfill that,
possibly, could "leak” in the future} and (2}
the "colllesion” of large vessels in Moblle
Bay has such a statistically small
probablility that it merits little serious
conmslderation; more llkely, however, would bm
the spiliage of toxic contaminants during the
loading of the vessel or, similarly, the
release of such contamlnants at the storage
nlte adiacent to the bay during transfer from
transport vehicles or by posasible leakage ot
the contalnment vessel. From a purely
sclentific standpoint, Pensaccla Bay would be
a fAr better site for such mn operalion. The
sand-dominated bottom makes absorption of
contaminantas far less likely as does also the
more actlve water circulatlon pattern and
lower organic carbon content of the
sediments. Thus, in splite of "massive
guantities of polnt source wastes" {see
lsphording, et al., 198%) that were
discharged intc Panaacocla Bay during the
interval 1955 to 1964, 1t was able to recover
quickly and remainw as one of the “"cleaner”
bays in the northern Gulf of Mexico. Mobile
fay, ln contramt, remains notably impacted
and will require the deposition of many years
of "clean” sediments to bury and conceal the
sffects of many years of pre-regulatory.
unrestricted discharge.

ACKNOWLEDGEMENTS

This invesmtigaticn was supported by
grants from the Missisaippl-Alabama SEA GRANT
Consortium, Project R/BER-4, Grant Number
NAB1AA-D-000%0. Numerous students at the
University of South Alabama assisted in the
varlous laboratory and field collection of

samples, Of particular help were James
Denmark, Sherl George, Gregoary taphording,
Robin Bjorklund, Robert Brown, and John Tate.
The writer's would also like to thank Dewayne

imsand [Moblle District, Corps of Engineers)
for praviding much helpful informatlon.

REFERENCES CITED

Ayling, G. M. {1974}, Uptake af cadmium,
zinc, copper, lead. and chromium in the
Paciflc oyster Crassostrea gigas grown in the
Tamar River, Tasmania: wWater Research, 8,
129-739.

Bascom, W. {1983), The non-toxicity of metals
in the aea: Mar, Tech. Soc., 17. 59~B06,

Brady, D. W. (1979), Water resource
management through contrel of point and
nonpoint pollution scurces in Mobile Bay, In:
Symposium on the Natural Resources of the
Moblle Estuary, Alabama: Alabama Coastal Area
Board, Mississippl-Alabama SEAR GRANT Consor-
vium and U.5. Fiah and Wildlife, H. Loyocano
and J. Smith, Eds., p. 31-73.

Brannon, J. M., J. Rose, R, Engler and 1.
smith (1977). The distribution of heavy
metals in sediment fractions from Mobile Bay,
Alabama. In: Chemistry of Marine Sedlments,
Ann Arbor Sclence, 163-1T71.

Counma, B.. M, Drayo, M. Plocasia, G
scarpon!, and 5. Tuccl (1979), Heavy metalc
in Ligurian Sea ssdiments- Distribution of
Cr, Cu, Hi, an! Mn in =surticlal sediments:
Marine Chemistry, R, p. 125147

Cunningham. P. A. and M. R. Tripp [1973}
Accumulatlon and depuration of mercury In the
American ayster, Crassustrsa virginivta Mar.
Riol., 20, p. 4 19.

Gambrel]l, R., H. Khalld and W. Patrick
119680], Chemlcal availabillty of meroury,
lead, and r#inc in Moblle Bay soedlment
suspenslons as affected by pH and oxldatinn:
reduction conditions: Jour. Am. Chem. Soo. .
14, p. 431-43F,

Grelg, R. A. and D. R] Wengzlof?f (1978). Metal
accumulatlon and depuratian by the Amerlcan
ayster, Crassostrea virginica: Bull. Envir.
Contam. Toxicol)., 20, p. 499-504.

Ieaphording. W. C. (19A2), Mls interpretation
of environment.sl monitorlng intopmation: -a
plagus on mankind!: Trans. Gulfl Coas® Assn.

Geal. Soc., A7, p. 39%-411.

Isphording, W. ©.. J. Stringfellow, and R, E.
Helton (1983), FEnvironmental implicatiens of
metal contamination levels in Crasensicea
virginica from Mabile Bay. Alabama and St.
Louis Bay, Misstausippl s Proceedings of the
narthern Gulf of Mexico ss’uaries and barrier
inlands research nopference: National Park
Svec, Southeast Reg. Off., Atlanta. Ga.. p.
93-100.

Isphording, W. 0. and G. M. famh (18723}, The
sediments of Moblle Bay: Alahama Coastal Area
Roard, Dauphin Island Sea Lab Report AN-002
23 p.

Ispherding, W. €., 1. stringfellow, and G. .
Flowers {19685}, Sedimentary and geochemical
eystems In transitional marlpe sediments in
the northeastern Gulf of Mexlco: Trans. Gull
Coast Assn. Geol. Sec., 35, p. 397-408.

Loyacano, H. A. and W. N. Busch (1973},
Symposium on the Natural Resnurces of the
Mobile Estuary. Introduction. Ala. Coastal
Area Board, Mississippi-Alabama SEA GRANT
Consortium mand U. §. Fish and Wildlife Svoc..
sponsors, p. 1-7.

Lytle, T. F. and J. S. Lytle (1982} Heavy
metals in oysters and clams in St. Louis Fay,
Migsissippi: Bull. Environ. Contam. ToxXical.,
29, p. 50-8T7.

Moody, D. E. {1981}, Elimination ot
jaboratory-acguired cadmium by the oyster
Crassoatrea virgirnica in the natural
environment: Bull. Contam. Toxicel.., 26, p.
345-351.

Roesijadl, 6. (19R2), Uptake and inrcrpnri-
tion of mercury into mercury-bieding proteins
of gills of Mytilus edulis an a function e !
time: Mar. Biol., 66, p. 151-157.

73



174

Ryan, J. J. {(1969), A sedimentologic study of
Mobile Bay, Alabama: Florida State
University, Dept. of Geology, Sedimehtologi-
cal Research Laboratory Contrib., 230, 110 p.

Siewjck), T., J. Syndlowskl and E., Webb

{1983}, The nature of cadmium binding in
commercial eastern oysters: Archiv. Environ.
Contam. and Toxicol., 12, p. 299-304,

Tayler, D. (1979), The effects of dlecharge
from three industrialized estuaries on the

distribution of heavy metals in the coastal
sediments of lthe North Sea: Estuarine and

Coastal Marine Sclences, B, p. 387-393,

Zamuda, C. D. and W. 5. Sunda (1982}, Bip-
svallability of dissolved copper to the
American oyster Crassostrea virginjca. I.
Importance of Cherical Speclation: Mar.
Blol., 66, p. T7-82.

Zarooglan, G. E. [19P0), Crassostrea
virginica as an indicator of cadmium
pellution: Mar. Biol., 5B, p. 275-284.

Zaroogian, G. E., G, Morrison and J. Heltshe
(1979), Crassostrea virginica as an indicator
of lead pollution: Mar., Blol., 52, p. 189-
196.




EFELUENT FLOW S5TUDY USING RHODAMINE DYE IN THEODORE BARGE CANAL,
A TIDALLY FLUSHED BAYCU IN MCBILE BAY, ALABAMA,

David M. Dean

pepartment of Biclogleal Sciences
University of Scuth Alabama Mobile, Alabama 36688

Abatract: Theodorse Barge Canal and 5hip Charmel are modifications of Deer Blver; the system is a
tidally flushed bayou and 13 similar to the relatively unmodified adjacent bayous, Fowl River and

Dog Hiver,

Flushing studies of an industrial effluent, tagged with Rhodamine WT dye, were run in

Theodore Bargs Canal in Hovember, 1986 to azsess the potentlal effect of waste water from proposed

industrial expanaion in the ares.

Twenty seven stations were asmpled for 30 days.

The major low

of effluent, S3 percent in one dJay, is attributed 1o the movement of the low density effluent on the

surface.
canal} of only 15 daya.
concentrations values at egqullibrium.
in the canal.
salt-wedge estuary.

INTRODUICTION

Degussa Corporation's Alabama plant is located in
Theodore, Alabema, The plent manufactures a number of
products including hydrogen cyesnide, cyanuric chloride,
ajlicon tetrachloride, and methionine, Cyanuric
chloride is used in the manufacturing of bicdegradable
herbicidesa, HMethionine 13 used as an additive to soy
bean feeds which are deficient in this easential amino
acid, Two new plants are currently under ceonstruction:
a hydrogen peroxide plant end an Ultraform plastics
plant. Hydrogen peroxlde will be used a3 an oxidizer
and bleaching bsgent, Bs a substitute for chlorine, by a
number of industries including the paper industry.
Hydrogen peroxide forms water when it degradea and it
does not rors chlorinated hydrocarbon degradation
producta like chloripe, Ultraform 18 a thermoplastic
acmevhat aimilar in to nylon, It ha3 a very low thermal
expanaion coefficlent and is useful for the manufac—
turing of machine parts with critical tolerances.

Effluent [rom Deguasa Corporation's praposed
Ultraform plant and waste from the existing Methionine
plant will produee up to 0.% million gallons of elffluent
per day with a reaidual bjolegical oxygen demand (BOD),
When organic compounds are metabolized by microorganisms
in the aquatie eovircnmant, the organisms use dissolved
oxygen. Biologlcal orygen demand ia s measure of the
rate that microorganisms take cxygen out of the water as
they metsbolize organics. To asaeas the potential
effect of the organic compounds in this effluent on the
dissclved oxygen (DO) in the receiving waters, the
Alabpas Department of Envircnesntal Managewent requested
a dye atudy to delineate the low and flushing
charactaristica of Degussa's effluent in the Theodore
Barge Canai.

During this atudy, 3.% million gallons of Deguasa's
effluent waz lIabeled with 10 gallons of dye over 24
hours {approximately ane tidel pericd). Water asmpiea

The low density effluent, that was tagged. had a resldence time {99% flowed out of the

A "Cell Model®™, derived from the sampled data, i3 used to predict the dye
The model predicts that effluent will not become concentrated
Data from the study suggests that Mobile Day and Theodore Ship Channel act a3 a

Ses water moves in along the bottom of the system and surface water {lows out,

were taken periodleally from stationa in Theodore Barge

Canal and analyzed for dye;, over 1400 water samples were
analyzed cver & pericd of one month,

Study Ares
Theodere Barge Canal and Ship Channel are

modificetions of Deer River; the system i3 a tidally
flushed bayou (Figure 1). Degussa has run an
environmental water gquality menitorlug program in the
Theodore Ship Channel and Theodore Barge Canal for over
five years; water zemples have been taken once or twice
a week, Data from this sampling program is being used
to describe the physical and biological characteristics
of the area.

The biggest physicel difference between this system
and the relatively unmodifled adjecent Dbayous. Fowl
River and Dog River, is depth, The ship channel (Figure
2} 13 40 feet deep: the aversge and maximum depths of
Fowl and Dog Rivers is considersbly less. Surface waler
from the Gulf of Hexice filla the deeper part of the
ahip channel, Salinity messurements at 30 to 40
feet in the ship channel usually run from 25 to 30 parts
per thousand (ppt); theae values are at or close to the
salinity of sea water, The surface water,formed by
fresh water ruwooff, has a salianity of 0 tc 5 ppt.
depending on the recent precipltation history.
midwater, with salinity of 10 to 20 ppt, can usually be
defiped by halociines between the surface and deep water
magses, The aystem 13 slways stratified. There
ia a strong tendency for deacending vertical
stability, i.e, lack of vertical mixlng, between the
surface and deeper water, ascending vertical mixing.
from the bottom to the surface, occurs at an undefined
rate.

Circulation of water in the deep part of the 3
¢channel is poorly understood The dissclved oxyger
ievels are usvally significantly lower than the 3U

hip

rface

175



176

waters auggesting that clrculatlon is poor, but
gecasionally the dissolved oxygen level changes fairly
rapidly and may reach near saturatlon levels, Thia
indtcutes the movemeant of deep water inte the ahip
channel, Tha water 1n the dead end of the ship
channel, the ship turning baain, noves upward. Thls
vertical mlixlng of the desp layer of water into the
ayrface water i3 typical of & ’alt-wedge eztuary and
this 13 tha process by which intermediate salinity
estyuarine water is produved. Cilrculation of the
surface is primarily a function of flow down the
geoatrophlc alope, the sverage of the gravity and
denaity alopes, from land toward the sea, Tilde, wind,
and bottom irregularities influence the perlodielty of
this flow and the creation of eddies which increase
miring. Oceanic plankton coccealonally sppeara in the
surface water of the ship canal and barge canal, Thixs
alao indicates the movement &f ses watar inte the
surface waters of the arss.

the barge canal 13 slightly lower than the ship channel
becauss the canal iz much smaller and has a
proportionately larger inflow of fresh waters from
small streams. The largeat stream that flows into the
canal drains the land south of Degussa's property and
Degusas's effluent; the outfall fTrom this stream enters
the middle of the barge canal. Degussa's effluent is
the primary source of water during perlods af dow
railnfall, The salinity of this water is 1 to 2 ppt;
the density ia lower than the receiving water and Torms
the surface water in the cast end of the barge canal,
The diasolved oxygen (D.0.) in the surface waler
of the barge canal 13 low during the summer manths,
The D.0. aeldom goes below 5 parta per million {ppm)
at station 6 near Degusaa‘'s outfall; 5 ppm D.O. i3 the
State of Alsbama minimum for Fish and Wildlife water
clamsificatlon excepl where natural conditiona cause
the value to be depressed. In 1385, the D.0. fell
below 5 ppm one time during the piweekly field
aampling program, The great variation in dissolved
oxygen during the summer months is dus to high water
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Figure 1, Mobile Bay and Theodore Ship Channel

Theodore Barge Canal {Figure 3} 13 a shallow
narrow extenalon of the ship channel; it la about 6500
feet long, 165 feet wide and 12 leet deep; the volume
iz about 172.9 millilon gallons. There ia a shoal In
the center of the canal Just weat of Statlon 6 and
directly in front of Degussa's outfall. The barge
canal 18 slao vertically stretified; the salinity In

Lemperstures, which lowers oxygen saturation values,

fntlen 1

THEODOME AHIF CHANNEL
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Figure 2, The inland extention of Theodore Ship Channel
temperstures, which lowers oxygen saturation values, .
and to dynamie phytoplankton populations which produce
cxygen when the populationa are prolific and depress
oxygen values when the populations are dying off,



METHODS

Dye Injection

Dye was released mt Degussa'a flume; injection
commenced on November &, &t 1400 houra. Flume flow waa
monitored and mainteined at 3.4 million gallons per
day. Rhodamine W] dye was injected at a rate of 10
galleons (37.9 litera} of dye over a 2U hour perlod; the
resulting effluent concentration was 2.4 ppm dye.
Rhodemine WT i3 visible at gbout 100 ppb; the initial
tagged effluent flow was highly visible both in the

Sampling

Injectjon was monltored by sampling at the lupe

and at the outfall adjacent to the barge cansl, The

gutfall was monitored with an sutomatlc sequential
sampler which was set to sample hourly, 3Since the
flume, where injection cccurred, and the outfall are
separated by a stream end pond, there {s about a nine
hour delay between injecticn and the Tlow of dye into
the berge canal. Dye began to enter the canal at 2300
hours on November 6; this time was deaipgnated the
starting time or hour {day) zero,

effluent and in the surface of the eastern end of the
barge canal.

Prior to the dye injection, the canal water was
monitored once a week for one month. Background
interference, during this time, averaged below one part
per billion expressed as Hhodamlne WT dye. The barge
canal mnd ashilp channel were sampled, from a smsll boat,
There mre nine sampling stations ln the barge canal;
asmpling stations are marked every 1000 leet sast and
west of statlon 6 which i3 near Degussa's outflall
(Figures 3 and 4}, In addition, there is one atation
500 feet east and one station 500 feet west of statjon
6, One atation, Statlon U, ia the ahip channel turning
basin, waa sampled regularly with the barge cenal
statlons. Samples were taken at 3 depths at each
station; 1 foot, 5 feet, and 10 feet, Samples were
taken svery three houra for the first two days, every
aix heura for the next two daya and every 12 hours for
the next 12 days.

Degussa has run an environmental water sampling

Scanion &

YODO fowt tamt

Asngaling Moad

Hation &
000 Tawl Eist

[P, LR program In thia study area concurrently with the dye
atudy and the statlionz ln Theodore Ship Channel
M0 fart East (3tation 1-U) were taken at least two times per week
Setlen 4 during the dye study. 3Salinity, dissclved oxygen, and

l;___ Deguass‘s #iluant

temperature are measured in sltu and pH, total organic
carbon, total dissclved solids, total suspended solids,
total chloride, blological oxygen demand, and total
Kjeldahl nitrogen are measured in Degussa‘s environ=
mental laboratory, Analysls of water samples taken
weekly for one month pricr to the atart of the dye
TAEODORE PARGE CAMAL study indicated that background interference was at or
] 2000 feer wemt below 1 ppb expressed as Rhodamine WT dye.

B puring this study, water samplea were taken for 39
days; at the end of the study the average fluorcmeter
readinga for each staticn converted to dye
concentrations below 2 parts per billion (ppbj.

1000 Teut Vant

Sindian 1
1000 Teat Weut

Dye Analysis
A Turner 111 filter fluorometer with a flwve

milliliter flow-through cell was used to analyze the
water samples for Rhodamine WT dye.

Faud

Figure 3. Theodore Barge Canal and atationa,

STATION  CELL TURKING Deguazals Qutfall
DEPTH DEPTH BASIN 1ISTA.
FEET FEET 3000'W 2000'W 1000'W S0D'W 10 6 S00'E 1000 *'E 2000'E 3000 'E
i
1 0=-2.5 6,2 3.0 3.0 1.5 1.5 1.8 3.0 3.0 3.0
p
N
3 2.5=T.5 Y 12.0 5.6 5.6 2.0 1.5 2.0 5.6 5.6 5.6
\ N\
i\ \
. T7.5-12.5 11.6 5.2 5.2 1.0 Y 5.2 5.2 5.2

ARV OO A,
{note: & shole exists between atationa SC0'W and S00'E)

Figure 4. Croas secticn diegrem of Theodore Barge canal.
i3 gliven in million gallona.

The wvolume cf the cells
Each zample atatlon 1s represented by a cell.
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Calculation of the Flushing Rate
of Theodore Barge Canal

The methods typically used for analyals of
wastewater transport consists of elther continuamlly
feading dye into the system until squilibrium atatea
are resched in the recelving water, or rapldly
injecting a large batch of dye intc the water snd
Following the dye over a period of time (Carpenter,
1960; Bailey, 1966}, The continual injection method
csn not ba appliead to a aingle ended tidally Clushed
cunal, The generstion of an equilibrium condition for
the caleulation of isopleths {(lines of equal
concentration) is not practical; it 1s estimated that
it would take 30 to 60 days of dye lnjaction to reach
en eguilibrium in the cenal. The bateh method is not
apprupriste for tracing sn effluent into 2 receiving
water ayatem effected by tidal pericda. Dye injection
ahould run Tor some fraction of a tidal perlod or
prefersbly for a whole tidal period {(Yotaukuras et al.,
1972), The movement of water in m tidally flushed,
dead ended, stratified eatuarine bayou is compicated.
Fischer (Fiacher et sl., 1979) points out that both
fleld dats and models together can help to provide
answera to the complexlty of water movements in
stratifled estuaries. The transport of effluent In
Theodore Barge Canal can be obtained from the dats
gathered during a dye study to calculste the rete of
decrease of the total dye wass in lndividual aress of
the barge canal. The rate of change of the dye mass in
the canal can then be uaed to define a model that can
reconatruct the behavior of the syastem over longer time
pariods.

In this atudy, & ¥nown mass of dye 1s injected
into the affluent entsring the canal ovar 1.5 tidal
periods end then the movement and decrease of this dye
oass ia defined by the sampling in the cmnal. Thi= dye
mass ia expressed a5 & dye volume or as a percentage of
the volume of injeoted dye. The dye volume in bhe
canal, at sny apecifio sampling tima, la eatimmted by
asauming that the dye concentration value recorded [or
an individusl station at m apecific depth repreaents an
sveraga for = water maas or call:

osl) dye volume =
{eell dye conc,/ steck dye conc,) X the oell volume

In rhodmmine dye studiea, the stock dye is defined as
having a concentrastion of 1 and the (luorcmeter
raadinga are calibrsted by diluted stock dye; thua:

¢ell dye voluma = cell dye cone, X the cell volume
and dye psrcentege =
{cell volume / injected volume} X 100

The tnjected volume was 10 gallons.

To define the water volume in each cell, the
dimennsions and volume of Theodore Barge Canal were
calculated using physical measursments, asrial
photographsa and deptha from a bathymetric survey of the
canal, At the time this survey was being made, the U,
5. Corps of Engineers was also conducting a aurvey of
the canal. A copy of this survey, when It 13
published, wil)l be used to compare the calculationa.

The barge canal 13 divided into 2T cella with
volumea varying from 1 to 12 milllon gallons each
(Flgure 4) The sample depths spre not arbitrary but are
based on temperature and salinity date {rom Degussa's
regular sampling program, There are normally three
water maases in Lhe barge canal separated by water
denaity. The total volume of the Theodor# Barge Canal
is estimated to be 172.9 million gallona. The
horizontal to vertical bottom profile is estimated to
be 2:1; the dieensaions and volume of the cells at a
typlcal station i3 shown tn Table 2.

p Cell

Sample Cell Cell cel

Depth Depth Length Width Yolune
1 2.5' {p-2.5) 000" 160" 3.0 MG
51 s* {2.5-7.5) 1000' 150" 5.6 MG
10° 5(7,5=12,5) 1000" gt 5.2 MG

Table 2. Stetion 2000 East (dimenaiona in feet;
volumes in million gallons).

Errors in estimating the barge canal voclume have
little effect on this method of monttoring water
movement because, for sach time frame, the same yolume
values are used, The total canal dye percentage ia the
aum of the dye percentages in wil 27 cella. Any set of
cells i.a, asurfece, five foot, ten foot, castern end
oF wastern end can be quantified inm the same way,

Estimations of miuing and fiushing were made by
eploulation of the rate of change of dye percentéages,
in defined water cells, with time, The time was based
on the actual flow of dye into the canal. Dye flow
began Wovember & st 2300 hours and this was deflined as
time zero.

This method of calculating flushlng rate has three
advantages:

1. The method i3 not dependent en the quantity of
dye initially injected or the pericd of injection If
the injection proceza creates & reascnably high
concentration of dye in the recelving waters durlng a
short period of time, Once the dye has entered the
receiving watera, the amount of dye in the canal can
only decraase by flushing out of the canal. The only
dye loss In megsurements is the dye that i3 below the
fluorometer detection limits and any dye lost by
oxidation. A3 noted above, degredation of dye was not
considered to be significant in the test,

2. The method is not affected by background T
interference Lif the initlal dye concentrations are
relatively high. Minor background Interferences, if
constant, have no eflfect on the caleulated flushing
rate alope.

3. Tnis method allowa For the calculation of dye
movement by depth or area of the atudy site, thus a
dynamic multidimensional image can easlly be
constructed. Thia ia important in this study because
of the vertical water atratification and the varjations
in flushing rate from different areas of the barge
canal.

Two factors are important in creating a relatively
high dye concentrstion in the recelving water, The
amount of dye should be as great as practical, and the
injection period should be minimized. Since Theodore
Barge Canal i3 tidally influenced, the injection perlod
should take the tidal peried into account, During this
dye tracer atudy, 10 gallons of Rhodamine WT dye
injected into Degussa's offluent [lume over a 2U hour
period. Ninety percent of this dye was accounted for
by the Isco samples taken in the cutfall in a pericd of -
iD hours, N

Speeial Problems Encountered During the Study ¥
There were two notable problems during the study.

The wind wveloeity, during the first three days, was

exceptiohally high and from the South East: the average

Wwind vector for November 6 through B was 6.1 miles per

hour {rom the south scutheast with southeast gusts to

23 miles per hour. Wind from this direction funnels

into the high banks of the barge canal from the East;

thus there was an exceptionally high western surraceI

wind sheer during the firat three days of the study and

a tendency to push the surface water, which contained

most of the dye, back inte the barge canal, Rain was

below average during the study; there was 2ome light

rain on November 11. Flushing was not enhanced by '
storm water runoff,




A second problem occurred on Novembmr 13; due to
mechanicel problems withip Degussa's facllitles, the
effluent dlascharge was shut down for one week. Slace
the low density effluent la & major Tactor in the
epsterly flow of aurface water lo the berge csnal, thia
factor wa3 eliminated [or the period of November 13 to
Hovember 20. Hy Hovember 13, easentially all of the
injected dye had entered the canal; injection was not
influenced by thia shutdown of Deguasa's discharge.

RESULTS

Injection and Outfall Flow Pattern

Minty percent of the lnjecied dye way sccounted
for by the aequentlal sampler at the cutfall in 1.5
dayas LFigure 5} and there wan no aignificant dye [low
after twe days,

Dye Fluyt in the Barge Cansl

The aum of all the cell values in the barge canal
produces & pleture of the totel dye flux far the study
(Figure 6), The highesi values recordad occur al about
dey 1.5; 71 percent of the tovLasl dye Lnjected can be
sceounted for in the 2ells. Day 1.5 coincidea with the
end of the significant inflow of dye from the outlall.
From day 1.9 to day 3, there 13 a sharp decreasc in dye
tevels from T1 ta 26 percent; thia decrease in the
total barge canal dye i3 primerlly due to the decreanr
in the East surface values. The total dye values
proceed to decreass, at a slower rate; at day 15, leas
than one percent of the dye remaina,
(day ) and 2). The East surface cella contain most of
the measured dya during the firat two daya and Lhen the
values fall off sharply: simultenecualy the outfall
valuea sre high Tor 1.5 days and fall ofl sharply
(Figure T}.

Cells

hodamine WT dye used in
ible detectable; the

of dye injectlon, the llow
in the barge canal, Despite
ned eastward alter entering
the canal and [lowed toward the Theodore Ship Channel,
Most of the dye stayed at the surface and the eastern
end of the barge canal and abgult one quarter mile of
the ship charmnel was visibly red on November 7 and B,
{day 1 and 2), The Eaat surface cells contain most of
the measured dye during the rirst two days and then the
values fall off sharply; simultanecusly the outfall
values are high (or 1,5 days and fall off sharply
(Figure T},

Dye Flux In the Eaat jurface
The large guantity of R
thia astudy mede the flow vis
morning mfter the veginning
pattern could be dlacerned

easterly winds, the dye Lur

Dye ¥Flux in the Weat tella

~ Ime percentawes of dye in the West surface and
five foot cells are significant (Figure 8} there are
sharp invreases in dye percentages between day 0,5 and
1. letween day i and 3, there were sharp fluctustiens
In dye values recorded in the five foot West stations;
the sharp increases correlate with flood tides . This
was alsu the period of atrong eaaterly winds in the
barge canal.

DISCUSSIoN OF THE RESULTS

DLllution

piiution i3 the ratio of dye 1In the barge canal to
dye in the cutfall expressed as a percentage, The
higheat dye concentrationz were measured in the east
surface cells; consequently, the minimum dilution is
based on the east surface cells during the period of
time that the dye 13 flowing into the canal (the 2 day
period [ollowing November S at 2300 hours, The average

EFFLUENT FLOW INTO BARGE CANAL
CUMULATIVE OVE FLIW FROM OUTFALL

P -
;
| -
gw
=
b=

Days {O=Nov. B ot 2300 hours)

= Cinvismitve Flow

Figure 5. Cumulative flow of dye in the outfall {percent of 10 gallons) and relative .
oncentration,



ratic of the concentratlona in the east surface cells Rezidence Time of Dye in Theodere Barge Canal

{area of highest concentration in the barge canel) to Resldence time {3 the pericd {daya) that a
the cutfall is 8.7 percent (standard deviaticn . apecified percentage of dye continues to reside in the
marimum 10.9; minimum 5.2). barge canal, Residence time can be messured From the

FPERCENT OF TOTaAL RHODAM!NE WT OTE

Flgure 6,

PERCENT COF TOTAL RHODAMINE WT DYE

Flgure 7.

point immediately after the dye stops ehtering the

PERCENT OF TOTAL DYE IN ALL CELLS
SUM OF ALL CELLS
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Total percentage for all cellas in the barge canal from day 0 through day 20.

PERCENT DYE IN EAST CELLS
ONE, FIVE AND TEN FOOT CELLS

1] 1 13 2 3 4 5 6 7 8 9 11111 1213 14 15
STUDY DAY (0 = Nov.8, 2300 hra)
O Eowt Surfoce Calts + Eowst § Foot Cells

©  Exmt 10 Foot Cake

Percent dye in east one foot, five foot, and ten foot cells,



canal; this i3 November ¢ at 0500 houra {(termed day 0
for residence time}., For example, Resldence time 50 13
the period, sterting at the specified day, during which

the dye volume in the canal decreases from 1003 to 50%.
Note that residence time (Figure §) ia inversely
proportional to fluahing rate for the canal,

PERCENT DYE IN WEST CELLS
ONE, FIVE AND TEN FOOT CELLS
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Figure 8.

Percent dye in the west one foot, five foot, and ten foot cells,
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Figure 9.

Hesldence time of the tagged effluent in the barge canal.
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Begreasion Analysis of Cell bata and

Derivation of Flushing Aates

Dye percentagea from each depth were used to
caleulste the rate of decrease in dye at each depth by
linear regresaion, The rapld runoff of surface water
is apparent (Figure T) between day 1 through 4 of the
study (Hovember 7 through 10) and was viaibly apparent
during the teat. The estimated flushing rate for the
one foot Eaat station 1s significantly different from
the other stations [Table 3) and i3 termed flow. The
East surface flow alope at day 1.5 to day 3,
immediately following the flow of dye into the canal,
0.63 percent per hour or 15 per cent per day. There i3
A good correlation between the gutfall samples taken by
the Iaco ssmpler and the dye levels in the East surface
cells,

Linear regression run onh blocks of data glves a
800d quantitative comparisen of the differences in
mixing and flushing in different arens of the canal.
Note {in Table 3, below) that:

1. the Eaat surfece cells have = significantly
high negative alope from day 1.5 through 10. Dye ia
Tlushing out of these cells.

2. the 10 foot west cells have a positive alope
from day 1.5 through 10, Dye 123 mixing into these
cells,

DAY W Sur. W5 Wpt E Sur E S E 10°

1,5-3 =0.008 0.036 0,091 -0.632 -0.10% 0,007
1.5-5 -0.,035 -0.035 0,051 -0.3139 -0.030 0.003
1.5=10 -0.051 -0,041 0,003 -0.099 =0.0%7 -0,00

5-20 =-0.024 -0.024 -0.019 -0,007 -0,008 -0.005

Table 3. Linear regreasion slopes for the East and
West cella at the three deptha, Slope values represent
change in parcent ol total dye per hour. A negative
slope repreaents decreasing dys or flushing; a positive
alope inoreasing dye and thus dye mixing into & cell

The slower flushing rate of dye that has mixed
intc the five and ten foot depths is epparent, The
flushing rate of dye mized intoc the subsurfsce levels
i3 not linear; it i% based on existing dye
aonecentration and time, Where C1 is concentration at
time 1 and C2 1s the concentration coe hour later:

dcsdt = 1 hr / (110 x C1)
€2 =Cr=1nhr /{110 x C1)

This curvilinear regresaion gives a hyperbolic like
curve,

The rapld decrease in the East surface cells
represents the flow of the relatively low density
effluent out of the barge canal. The rate of percent
decrease 13 represented by:

dC/dt = -.63 / hour

Model Anslysis
The point ssmples used in this study and the

derlved cell valuey can be used to model water movement
in the barge canal, Thias model, Lermed Cell Wodel, is
very similar to the computer run Link-Hode model
developed by Water Resourcesa Engineers, Inc, which was
used to predict water conditiona in the barge canal faor
the Mobile 208 study (Scuth Alabama Reglonal Planning
Commission, 1977) before the canal was constructed,

The Cell model is derived from dye concentration values
and includes a vertical camponent as well as a
horizontal component, Further more, the aampling
polnts or nodes in this model are much claser together
than the model used in the 208 atudy, the Link-Hode
model used 2 and this study useas 27. The Cell model
derives flushing rates from regresslon analysis of the
sampled duta; these exchange rates between cells are
analogous to the links of a link sode model.

The sum of the curvilinear and linear regression
glvea an empirical fit tg existing data; structural
meaning can not be read into the terms. However, the
fit of these two equations, which were derived from
[ield data, cen be tested further for it by

MODEL OF BARGE CANAL TRANSPORT
PENCENT TOTAL OYE IN ALL CELLS vy MODEL

PERCENT QOF TOTAL RNODAMINE WT OYE
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Flgure 10. Cell HModel: +0.33 gal. dye/hr. for 30 hours; minus east surface flow and
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fntroducing & third, known, data set; this 1a the
injection of 10 gallona of dye over a period of
approvimately 30 hours, The model adds 100/30 percent
dye per hour for 30 hours and aubiracts the two derived
equationa,shown above, to flush dye from the model,

The model is run by a computer and the ocutput plotted.
The rasulting curve glvea a goocd it between the model
and sampled data (Figure 10 and Table 4), No ettempt
was made to separate of define the tide or wind effects
in to the Cell Model; however, it should be noted that
the GCell Model 13 derived from fleld conditions which
were affected by wind and tide, When the Cell Model is
run continuoualy with a constant injection rate of
0,3333 gallona per haur {the same rate used in the
test) an equilibrium i3 reached in 60 days (Figure i11).
The average dye concentration in the model cells,
excluding the east surface cells, is below one percent
of the outfall concentration.

DAY DAY
Slope 0=1.5 1.5-20
Intercept .86 0.73
R Sguared 5.09 5.86
Std error of estimate 0.92 1,06
Std error of coefficient S.u8 2.98
Number of observations 10.00 iy 0o

Table 4, Linear regression of two phases of
the Cell Model veraus fleld deta. Day 0 through 1.5 ia
the injection phase; day 1.5 through 20 is the flushing
phase, Injection volume and pericd is 10 gallona of
dye in 30 hours.

CONCLUSIONS

Eatuarine Circulation

The Hoblle Day estuary 13 a salt-wedge estuary,
The circulation procesaes (Figure 12} involve a
landward movement of aea water and a seaward movement
of fresh water, A sloped denslty discontinuity,
pyenccline, i3 formed primarily by salinjty differences
(thus a halocline) tends to keep these two water masses
separated, but friction and internal waves cause eddies
and mixing to form an estuarine water mass of
intermediate sallnity., Water mixing across the
pycnocline 1s primarlly an upward wvertlcal process of
seawater mixing into the fresh surface water layer.

The mixing of surface water into the deeper layer 1s
contrary to the density slopes and requires energy.
Energy for mizing may be aupplied by surface waves
produced by strong winds, water flow over bottom
irregularities, and internal waves. Theodere Ship
Channel and Theodore Barge Canal are a branch of this
salt-wedge estuarine system. The barge canal recelves
water from Moblle Bay and in additlon receives fresh
water from the surrounding land drainage courses.

The data from this effluent transport study
supports the postulation that the barge canal also
functions as a salt-wedge estuary with an loflow of
high density water on the bottem and a flow of lower
density surface water towards Moblle Bay.

The wasate from the Ultraform and methionine plants
will be treated with large oxidetlon ditch, clarifier,
holding ponds, and a rogk-reed filter. The rock-reed
filter 18 Bn artificial marsh. A scale prototype
aystem ia currently being tested at Degussa. These
bickinetlic design studies are being continuously run on

EQUILIBRIUM MODEL OF BARGE CANAL
PERCENT TOTAL DYE M ALL GELLS OF WODEL

PERCENT OF TOTAL RHOOAMINE Wi OYE
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The Ceil Model run with conatant injection of 0.33 gallona of dye per hour
minua the east surface flow and the aubsurface fluahing.
equilibrivm i3 reached in sbout 60 days.

Hote that
The average concentration in the

canal at equilibrium is 268 parts per billion dye,
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Flgure 2. Schematic representation of a simpie salt-wedge estusry (A.} showing the layered
atructure, the landward flow of oceanic water, the sesward Tlow af river water, and
the upward verticasl wixing proceas which forms estuarine water. The 3alinity profile
(B.) shows sea water, estyuarine water and fresh water each separated by sharp
discontinuities or haloclinea (b.). The average currents (C.) ashow the vertical
distribution of water movement; rivar snd estuarine water moving out on the top and
saa water moving in below the surface layers, The driving foree for the horizontsl
agvements of water (D',) are the density slopes, which ars anown with vertical
sxageration: s, x the surface slope; g, = the geostrophic slope; p = the pycnocline
or halocline slops. The driving forece i3 the gecstrophie alope (g.).
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Figure 13. The prototyps biclogical treatment system uses an
oxidation ditch for bagteriasl degredation of crgsnics.
variety of microorganisms and vascular planta Lo
further Lreat the effluent.



waate obtained from an Ultraform plant in Europe in a
scale model treatment system (Figure 13.) As the
nicroorgantisma, used in the system become acclimated
and proficient at metabolizing the waste, the
concentration of orgénic compounda in the waste will
decrease,

Thia tagged effluent atudy waa deaigned to
estimate the potential effect that the proposed waske
and treatment system will have on Theodore Barge Canal,
the recelving watera. HRecent data (January 198T7) from
the prototyps treatment system indicates that the five
day BOD average ix 3.7 and ten day BOD average is 6.0.
Theae values are based on undiluted raw waste that has
bxen run through a prototype oxidation ditch and before
complete treatment and mixing with other effluenta,

The ratio of existing inorganic effluent= and cooling
water ta the Ultraform waste stream will be about 10 to
1, The combination of these streams 1s referred to aa
total treated waste water {TTWW)., The potential effect
of refractory or long term BOD 13 important. The
estinated difference between the Ultraform waate
atream's contribution to the five and ten day BOD of
TTWW is asbout O.T ppm. In the barge canal, the highest
concentrationa of effluent will be in the zastern
surface watera, In thils area there 13 a further
dilution of 10:1 or greater, the estimated difference
in contribution of five and ten day BOD will be below
0.1 ppm. The diszaolved oxygen in thla area averages
above six ppm DO during the summer montha when Lhe DO
levels are at thelr lowest values. The estimated
difference in the effect of the flve and ten day BOD on
the barge canal 13 not significant. Flushing af the
Tagged Effluent in the Barge Canal

The major Flew of effluent ia attributed to the
flow of the low denalty effluent on the surface. The
East surface cells alone acccunt lor 53 percent of the
dye in the barge canal just after day 1 when the total
canal dye peaked, The movement of this water was
visibly apparent during the atudy and i3 alaa apparent
in the East surface cell graph (Flgure 7).

In consldering the whole barge canal, more than 75
pereent of the dye was fluahed out 1o the firat five
daya: B3 percent in 5 days after the end of dye
addition fram the putfall, Ten days after the dye

began to enter the canal, 93 percent of the dye Ilushed
out. By 19 days, lea’ than 1 percent was measured, and
the cansl was near background valuss,

Testing Cenditicos

The astrong Esst end Southeast winds which occurred
during the firat few days of the atudy, the lack of
rain preceding and during the study, snd the shutdown
of Degussa's diacharge during the second week of the
study, all decreased the riushing rate of the barge
canal tc mome unknown extent. In particular, tide
induced mixing between the surface and five feet in the
weatern end of the barge canal is indicated by the data
Flushing conditiona were less than optimum during the
study, therefor, the data glves a conservative or worse
case sstimate of the tranaport characteristics of
Degussa's effluent in the Theodore Barge Canal.

The effecta of tidal periods has not been
campletely analyzed at this time; however there are
carrelations between tide stage and the mixing of dye
from the surface into the flve foot level west of the
cutfall, The shcal in this area induces mixing during
flood tide (Figure 14},

Correlation of the Field Data and the Model,

The Cell model was constructed from three
different subsets of data; all three of the flow
equations were started at day 0. The model falls
within the 95 percent confldence limits and accounts
for 101 percent of the dye, The model implies that the
field data, which appears to account for only 72

percent of the total injested dye, i3 correctly

accounting for all of the dye because dye iz flowing,
on the aurface, ocut of the zample area into the
Theodore Ship Chennel during the ilpjection period.
Although the shlp channel waa =zampled during the study,
it wana aszsumed before the study started that 1% was
impractiecal to provide the high sampling density needed
to extend the Cell Model concept into this relatively
large area.

Hoth the fileld data and the Cell model indicate
that maximum dye concentratlions in bLhe barge canal are
about 10 percent of the concentration in the cutfall in
the east surface cells, The Cell model predicts that
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the average concentration in ml] the other cells,
besides the eaat surface, will be below one percent of
the ocutfall concentration when the system reaches
equilibrium.

The dye study and the model support the concept
that the barge canal functions as a salt-wedge estuary
aystem with an Inflow of salt water on the bottom and a
outflow of low salinity water con the aurface; howaver,
the separation of the barge canal by a central shoal
caused turbulence during tidal povementa and lncreasea
downward mixing in the western end of the canal, This
is especially apparent when the differences between the
flushing slopes of the five foot levels are compared in
the eastern and western enda of the canal, During the
period just following the end of injectiem (day 1.5
through 3) the eastern five foot level was loaing dye
(slope ~C.105) and the western five foot level was
still gaining dye (slope +0.038). This indicates that
the shoal, that divides these areas, interrupts the
normal inward movement of deep water and cutward
movement of surface water. Downward vertical miiing is
enhanced by this ahoal.

RECOMMENDATIONS

Although the normal approach to improving the
interaction between an industrial outfgll and the
recelving waters is to encourage diluytlion thraough
mixlng, the oppoaite approash ts more appropriate 1o a
salt—wedge eatusry, If the effluent has g relatively
low density, it will form the surface layer, tend not
to mix down into the malt wedge, and move seaward mere
rapldly. The surface layer in the Theodore Barge Canal
is best capable of assimilating the effluent because it
has the highest concentration of microscopic
phototrophs and heterotraphs, Due to the
photosynthetic activity of phytoplankton, the dissolved
OX¥Een levela are usually at or above saturation
values. Data from Degussa‘'a field environmental
program indicates that dissolved oxygen in the surface
of the barge cenal almost never goes below five parts
per million; samples have been taken weekly or biweekly
for over five years, During to late summer, the most
criticsl time of the year for rapld environmental
changes in the cangl, the dissolved oxygen ia often
above saturatlion becauss of the intense activity of
phytoflagellatea. These organisms ere facultative
heterotropha and are probadbly capable of assimilating
organica from the water., During the same periocd, there

are large populations of nonpigmented flagellates which
are obligate heterotropha. In the late symmer and
fall, the dissolved oxygen at the ten foot level
frequently falls below [ive parts per milllon: the
biological oxidative assimilatlon of organics 1s
inhibited at this depth because oxygen levels are low,

Both the effluent {lushing rate and assimilation
of organiea can be enhanced by encouraging the normal
salt-wedge flow in the barge canal. This can best be
accomplished by removing the shoal in the center of the
barge canal.
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HYDROGRAPHY, CIRCULATION, WATER QUALITY AND POLLUTANTS PANEL

Summary of Panel Discusasion

The participants on the "Hydrography, Circulation, Water Quality and
Pollutants Panel" were;

Moderator: James J. Jones, Mississippi/Alabama Sea Grant Consortium
William W. Schroeder, Marine Environmental Sciences Consortium
Steve R. Heath, Marine Resources Division, ADCNE
Kenneth R, Marion, University of Alabama at Birmingham
Wayne €. Isphording, Univeraity of Sauth Alabama
David M., Dean, University of South Alabama

INTRODUCTION

A comparigon of the objectives of the First Mobile Bay Symposium with
that concluded today demonstrates that the goals of these symposia were near
identical, with resource evaluation, user-group cempetition, nanagement
strategies and environmental preservation emphasized i{n each. The rationale
for the symposia vas derived from knowledge of the ongoing conflice aver the
best use of the Bay, with multiple user groups advocating different uses.
The Bay is utilized variously as s depository for industrial snd domestic
waste, as & human food source through the development of its fishery and
other living resources, asa a commercial port and as & major recreational
resource for local and tourist populations. The "best" use of the Bay is
that which provides optimum utility to each group of competing users, while
maintaining a conservative ethic which guarantees the long-term wutilization
of thia resource with litrle or no environmental degradation. Such "use"” may
appear utopian, but with sufficient infoermation and judicious management
this resource can maintain its many and varied roles indefinitely. Defining
the acope and required level of precision of this essential informatien, and
its use for management purposes are goals of this panel discussion and
indeed, of this Symposium itself,

Althovgh the topics addressed by this panel are of singular importance
they may be conveniently consclidated within the combined categeries of
"Water Quality and Pollution™ and "Hydrography and Circulatian™,. The
discussion by the opanel and audience emphasized identificiation of water
quality and pollution problems, with further emphasis on the role of the
Bay's hydrography and circolation characteristics as they specifically
relate to the identified problems. The following summarizatisn of the
discussion follows this format. It need be noted that the information Ercm
each panelist’s presentations will not be included in this summary, its
purpose being rather rto provide a review and synopsis of the resulting
deliberations.

WATER QUALITY AND POLLUTION
Heavy Metals

The type, quantity snd consequence of heavy metal pollution in Mohile
Bay was =a primary concern of both the panel and the audience. The metal
identification, source, rate of accumulation and severity of impact on the
biota were major topice of discussion. These subjects were discussed in
detail by the panelists, whose presentations sppropristely formed the basis
for mast of the discussion. Copies of the 1ndividual panelists’
presentations precede this section.

Multiple sources for Mobile Bay hepvy metal contaminatien may be
generally clasxified as industrial, municipal and domestic. Contamination
through man's activities date principally from that period of the
industrialization of Alabama which began approximately fifty years ago. The
advent of environmental regulations in the late sixties curtailed much of
thia poellution, although the results of it will be with us far inte the
future in the form of the contaminated sediments which have been deposited
in Mebile Bay and the Mobile River Delta. It was noted that over 200 million
gallona of effluent emprties into the Bay daily, from a watershed including
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approximately two-thirds of the the state of Alabama and portions of the
nelghboring atates of Mississippi, Tennessee and Geergia. Many industries
and municipalities are located along these rivers {Alabama, Warrior, Coocea,
Tombigbee) and they have all had a vole in the pollutien of the Bay. As a
resylt, it is impossible te define any single industry, company or
municipality as the primary heavy mecal pollutsnt source. It was noted that
both cadium and mercury, which are extremely toxic pellutants occurred at
low levels, well within an "acceptable” range or concentration.

Toxicity 1levels of specific heavy metals are poorly knawn, generally.
Thus, it is extremely difficult to define "acceptable" levels of
concentrations of heavy metals for purposes of human consumptien or impact
o living resourcea, Current procedures for defining "safe” concentrations
were faulted as having lictle value under natural (as opposed to laboratory)
conditicons. The difficulty of evaluating the availablility of heavy metals
to organisms or the environment is due to their particular chemical make-up,
or specific bonding characteristics, making such an assessment difficult in
the extreme, The panelists noted that current levels of heavy metal
contamination have been achieved cver a period of several decades and that
these levels of concentration in the gsediments should be expected o
continue indefinitely unless extraordinary clean-up measures are
successfully undertaken. Further, depuration rates for heavy metals in
bivalve molluscs is very slow and a peried of many years may be required to
achieve significantly lower metal tencentrations in these living organisms.
In general, 1litrle 1is known about the capacity of most organisms to
concentrate heavy metals, or of their abllity to rid themselves of these
centaminants under 1less polluted conditions. Licttle is known about toxic
(sublethal) levels or the effect of heavy metal concentration in  humans, A
study te measure heavy metal concentrations in long-term residents of Mobile
County i=s inm progress at the University of South Alabama Medical Scheol and
vill hopefully provide sgme much-needed information on this critical topic,

Dissolved Oxygen

Histarically, low dissolved oxygen (D0) values have been reported and
documented in Mobile Bey on many occasions. The values range from alightly
depressed to hypoxic and anoxic. These conditions affect the Bay's biota in
8 variety of ways, the most obvious being extensive finfish and shellfish
kills., As would be expected, these events are viewed negatively and seen as
ptoblems by many jocal persons even though such oxygen depletion is =&
hatural phenomenon and characteristic of water bodies such as Mobile Bay.
The view of the fishermen is, of course, that any event which kills trout
and crabs is "bad", and should be rectified if possible. The fact is that
the DO regime for the Bay i3 a natural cycle, and has probably been
functional for hundreds of years, even to the point of anoxia. Anthropogenic
activities over the last several decades have probably exacerbated low DO
phencmena to some extent. Dredging activities for shell material and for
the channel construction and maintenance have impacted on the natursl
condition severely, as has the introduction of industrial and domestic
effluent. The present state of knowledge is insufficient to define and
evaluate the extent of even the natural processes, much less those caused or
influenced by man. The modifications to the natural system which man has
already imposed prohibit an evaluation of what was "naturatly" occurring
prier to significant anthropogenic alteration. Thus, the preblem of
evaluating man's impact on the DO comporent of the ecosystem becomes even
mere perplexing. Some things are «clear, however, The restriction of
circulation caused by spoil dispesal alorg the dredged channels is a ma jor
hindrance to lateral circulation across the Bay. The deep holes which have
been left as a result of shell dredging create "pockets® whera lgw D0 water
firse accumslates at the onset of the cycle, The decrease in circulation and
increase in stratification resulting from these factors Prevents mixing of
the deeper low pO containing water with well-oxygenated surface waters,
leading to the observed hypoxic and anoxirc conditions. Any solutigm to this
"problem™ requires that first the natural system bhe well understoed, then
the anthropogenic effects evaluated, and finally a management recommendation
developed and implemented, Clearly, without a fundamental knowledge and
understanding of the essential environmental characteristics of the Bay none
of this may be achieved. While a common complaing of the scientist is that
he "needs more data", this is indeed the case. Unless and until considerably

better understanding of the natural characteristics of the Mobile Bay
ecosystem has been achieved most acticns to selve its "pollutigg problem®
will continue to be random and largely ineffective, if not actually

detrimental,



Sewnge

The combination of domestic sewage and seafood processing waste creates
2 major disposal dilemma. The prohblem of domestic sewage dispesal in the Bay
is c¢leomely related to the dissolved oxygen deficiency just discussed, and
coastituted & severe Ilmpact on the productivitiy of the local shellfish
industry. A variety of experiments have been conducted to evaluate wunigue
methods of disposal of these waters. None has been utilized on a large scale
and traditional methods of trestment and disposal are being expanded to
nanage the ever-increasing losds of these peliutants. The panel discussed
the variery of mechanisms which had been evaluated, including marsh and
offshore dieposal techriques. It was concluded that the offshore disposal
optian would probably have the least d1mpact on the Bay, There was
considerable discussion on the proposed development of sewsge Creatment
plantas in the area. The efficiency of functional plants was emphasized,
neting that with sufficlent effort the effluert could achieve potable
quality. The problem of breakdown of the sewage system is considerable,
gince raw sewage will need to be discharged if the plant fails, after
tenporary storage reservoirs bhecome filled. Flant design and system
redundancy mest address this prospect, Pollution by domestic waste is5 a
pervasive problem in the country. The efforts which are being made to
contain and curtail pollution (the Clean Water Act, 1in particular) aeddress
this problem. Such activities are desperately needed if much of the coastal
area of the country is not to eventually drown in its own filth. Inderd, it
is clear that water pollution is one of the most significant and critical
current problema with which this nation must deal.

The most obvious impact of domestic sewvage disposal is the closing of
oyster reefs to harvesting in Mobile Bay. A representative of the South
Alabama Seafood Associaticon reviewed the recent history of closures. He
expreased 1ndustry concerns regarding sewage dispesal requirements and
outfall location as they could reasonably be expected to impact wpon
oystermen. Additionally, he questiened the extent and reliability of the
environmental date utilized in evaluating and recommending for waste
disposal procedures ir the Bay. The relationships between treated sewage
cutfall and health of the Bay oysters are complex and poorly understood,
Aspects of concentration, level of treatment, circulation, outfall location
and measurement of coptamination are ocbvious areas where definitive
information 1is badly needed. There is a critical need to evaluate the
accuracy and suvfflciency of existing data and to define future data
requirements for management and scientific purposes, It was generally
concluded that existing data are insufficient for this purpose, and that a
coordinated effort for sclentific &and management purpeses need be
implemented.

HYDROGRAPHY AND CIRCULATION
Dredging and Channelizarion

Much of the discuasion by the panel and audience emphasized the
effects of channelization and dredge disposal in the Bay. Two general topics
were a8ddressed - (1) the censequences of channel maintenmance and deepening
for commercial purposes and, {2) the impacts of spoil disposal from these
activities.

The effects of channel deepening on heavy wmetal accumulation and
resuspension is poorly understood. It is known that the channels themselves
are well flushed and that the sediments removed from them for channel
deepening are relatively little contaminated by heavy metals. Thus, the
effect of <¢he removal of the material and resuspension af signrificant
portions of it should not have a major negative impact on the Bay from the
standpoint of heavy wetal pollution. The major areas of heavy metal
contamination are toward the head of the Bay and away from the channels,

Circulation, Flushing and Transport

It is suspected that the net movement in the main ship channel is
toward the head of the Bay during certaln periods. Therefore, material thm
is tempcorarily trapped in the channel can be transported up the Bay, Some of
this material may be washed out of the channel, settling sround the shoal
areas near the head of the Bay. The sedimentary material that is transported
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up-channel 1s eventually resuspended, the sediment 14 transported by Ethese
currents to shallow areas in the upper portien of the aystem, Sinmple
gravitatienal flow, induced by the salinity gradients and offghore sea
surface slopes are the driving mechanism for the observed phenomena., This
brief explamation may account for the observed distribution pattern of mome
heavy metals in the aystem as well as the obkserved high salinity water (30
partas per thousand) in the Theodore Ship Chennel and other channel areas
near the head of the Bay. The circulation and flushing regimes are but
poorly wunderstood, with only their gross characteristics partially known.
The role of flocculation and its role in the retention of heavy metals is
enother fertile area for study.

A further complicating factor is Lhe natural history of cemstal plain
eatuarjes, in which each eventually fills with sediment to become a delta,
with these changes occurring rather quickly, geologically. This is the
naturael ferte of all comstal plain estuaries unless other factors impinge on
the characteristic process. Ths esatuary will gradvally hecome more riverine
and the influence of the river will be felt Further and further offshore.
This will ultimately happen 1in spite of the best efforts of man {principally
the U.S. Aray Cerps of Engineers) te inhibit the natural process., It is
obvious that one of the moat pressing needs 1s & comprehenaive study of the
flushing, circulation and transport characteristics of the Bay, tao provide
aufficient infarmation for management and long-range planning purposes.

RECOMMENDATIONS

A number of research recommendations have been developed based on the
discussion of the panel and the audience. It need be understood that this
list 13 neither comprehensive nor exhaustive, and that the recommendations
specifically derive from the panel discussion. The specific recommendations
follew,

l. A comprehensive monitoring program must be established bo demcribe
and svaluate the natural history and peliution characteristics of Mobile
Bay. The purpose of thim program is to provide the informatien necessary to
develop and rconduct management efforts appropriate ta optimum non-~
destructive multiple-use of the syastem. This program, over a significant
period of time {decades), will peed to monitor the kind and amount of heavy
metal pollutian in the waters, sediments and blota of the aysten; the
chenical and physical aepects of the water; the ecosystems floral and faunal
characteristice: and the demographic qualities of the Mobile Bay area human
population.

2, A nupber of detailed investigations need to be initiared or
further developed (if already begun). The putpose of these studies is to
provide the quantitive and other information necessary for a clear
understanding ef the characteristics of the natvral systems and to
conplement the development of predictive models for mansgement purpases, The
toples of these studies are, minimally - circulation, Elushing, pellutant
and sediment transport, low digsolved oxygen phenomena, pollutant uptake
effects on the biota (including man), sewdge Lreatment and disposal for
minimal environmental degradation and maximum ecenomic  benefit, and the
development of & mechanism for comprehengive evaluation, including the
synergisatic aspects of all these research elements.

It ls recegnized that a primary impediment to achieving the geals
defined in the recommendations is a lack of sufficient funds to conduct the
investigations. The 1lack of federal and stare funds adequate to implement
these studies creates a significant (if not insurmountable) obstacle to
acquiring the knowledge and expertise to judiciously manage the Mohile Bay
system. Local governmental resvurces are grosaly insufficient to adequately
addiess the scope and range of the hecessary investigations. While a
combination of federal, atate and local resources may provide a portion of
the required funds, the bulk of these must be obtained from industry ang
other private sources. This will require the development of an effective
adminstrative framework to provide the base for developing the fiscal
resgurces from any appropriate source and to formolate, identify, and
initiate the necessary scientific and other work required to provide
informetion to effectively manage Mobile Ray, A model for this activity ¢g
the Chesapeake Bay Foundation, 1Inec. 4 similar organization for Mobile Bay
could provide the necessary administrative, legal and other

; h elements
required for an endeavor of the magnitude necessary for the tagk.



SUMHARY AND CONCLUSIONS

It is clear from the foregoing that while significant new information
has been developed since the time of the First Mobile Bay Symposium (1979},
knowledge of most  aspects of the Bay's environmental and other
characteristics arve still poorly understood. In general, the level of
existing knowledge is insufficient to allow an orderly and reasoned multi-
use, environmentally sound development scheme to be developed and
implemented, Critical gaps in knowledge preclude a comprehensive evaluation
of most of the biolegic, chemical, physical, geoclogic and hydrologic
characteristics of the system. Those areas for which significant information
does exist need be strengthened, particularly Erom the atandpoint of
temporal data over time periods ranging from a few hours to decades, There
1a no doubt that the demands upon the Bay will not lessen in the Efuture and
that 1increased growth in populatice and industrial development will make
ever-increasing claims on its ecosystems. It is critical at this time tao
institutionalize and initiate a method and mechanism to provide the wmost
comprehensive resource management structure possible - one which will
@imultanecusly provide the fiscal rTesources necessary For scientifie and
other studies, while guiding and directing the studies themselves, These
studies musat include, at & minimum, those recommended above.

This Symposium has provided an opportunity for the scientific
community and lay public to define, discuss and evaluate many of the myriad
environmental, econcmic and other problems facing Mobile Bay. Clearly,
extraordinary actions are required if the health of Mobile Bay is to be
maintained at its present level or improved. The amelioration of the sccial,
industrial and economic Iimpacts presently imposed on the Bay system, and the
additional ones which will positively occur in future years require
immediate action, if their effect is not teo further degrade this magnificent
and cemplex natural system.
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CLOSING REMARXS

TONY LOWERY
Syaposium on the Nstural Resources of the Mobile Bay Estuary

The purpose of this series of aymposias has been to make the latest infaormation an
Mobile Bay available to the public at large, coastal decisionmakers, as well as the
cerps  of regulatory personnel and researchers working on Bay-related activities. Since
the economic development and fiscal stability of coastal Alabama are so intricately tied
to the Hobile Bay Estuary, it's extremely important that informatien on the Bay's health
and satatus become commen knowledge within the communities which would be affecred by
changes in the health of the Mobile Bay Estuarine Ecosystem,

This 1987 symposium was the second in the series. The first was held in 1979. Much
of the information presented in this 1987 aymposium as identified during the 1979
symposium as being critical! to the development of an information base from which
management decisions concerning the Mobile Bay Estuarine Ecosystem could be based.

In general, most estuaries are managed using the same federal regulatary statutes
which are augmented by state regelatory statutes, Traditienally, the state regulacory
atatytes parallel the federal regulatory atatutes. The states assume primary
responaibility for the enforcement of their regulotory statutes. However, the U, S. Army
Corps of Engineers and U.5. Enviroamental Protection Agency can override the states'
managerinl asuthority, 1f the states' actions are inconsistant with the federal
regulatory atatutem, Thia is obviously a gross avermimplification of a very elaborate
snd involved regulatory process which may vary significantly from state to stare.

Luckily, we are not the only community faced with the tesponaibility of managing
the resources of a large eatuary. Having the advantage of learning from the experiences
of other Bay-dependent communities, we can gt least be aware of potential

problems

without Thaving to experience them for ourselves. One of the most graphic cxamples of

what «can, unfortunately, happen when these regulatory processes fall short of their
intended goals can be seen in the collapse of the Chesapeake Bay Estuarine Ecosystem.
Concern there prompted a seven-year, §30 million study performed by the U.S,
Environmental Protection Agency. Completed in 1983, the study confirmed what fishermen
and sclentists had long suspected: Chesapeake Bay, the nation's largest and formerly
nost valuable eatuary, could no longer support many native marine species.
-These who finally realized Ehe Chesapeake Bay problem included residents and

indugtrialists alike in the Bay's coastal states of Virginia, Pennsylvania and Maryland,
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Sesfood harvesters had noted that catches of finfish, clamn and oymterm brgan declining
natkedly in the late 702, The FPA atudy implied that if drastic mensuren weren't taken,
Cheanpenke Bay, the cradle of up to %0 percent uf 1the tast Ceoast striped basas
populetion, could be barren of the magnificient E£ish.

The study revealed that the eatuary had been overenriched with human aevage and
fertilizers. The overenrichment causacd excessive growth of algae and phytoplankten in
the water which robs the estuary of its 1ife-giving oxygen. Alsc, vaat tracta of nuaery
babitat, submerged grasabeds, had been lont due te large guantities of apil and mediment
washing into the Chesspeake.

As the result of public comcern, the governors of the three states pledged
December 1983 to work to mave the Bay. The states have stinhce appropriated in excess of
$250 to $300 wmilliam toward the Bay efforer, Preaidenty Resgan, in his 1984 State of the
Union Addrema, ennounced the allocation of %10 wmilllen in centinuing manies te the three
Chesapeakse Bay atates to help save the Ray,

Moat importesatly, the coamstal population hmam become heavity invoplved with the Eay
restoration efforts. Privately funded organizaticns like the Chesapeake Ray Foundation
heve tbeen sugmenting the state and federal efforts., With a budger of $3 million and @
40-thouamnd plus membership, the Chesapeake Buy Foundatior has been very effective in
spearheading the resatoration efforta,

EPA estimates that cleaning up the Chesapeake will cost between $1- $3 billion
over the next 20 years, with no foreseeable reversal of the situmtlieon for a decade or
sc. In the meantime, the economic benefits that pccrue to the Bay's coastal astates of
Virginia, Pennsylvania and Harylend, from their fishing industries and recreationasl

activities, will continue to be severely diminished.

One interesting thing to note ls that prior to the discovery that the Chesapeake
Bay Estuarine Ecosystem had collapsed, the regulatery statutes used to safeguard the
Chenapeake's health were percelved ko be deing an adequate Job. The pre-crisis
tegulatory processes tended to regulate specific mctivities without censideration eof the
Chesspenke's ability to abmorb the cummulsative impacts of those activities in concert
with all rhe other sctivities impacting on the ecosystem.

Interestingly, & recently rteleased U.S5. 0Qffice of Technology Assessment report
indicetes that meny of the nations estvarles will degrede considerably during the next
decade under the current regulatery processes, These same regulatory processes are the
ones which most bay-dependent communities depend on to protect the resources afforded
them by their escuary. To date, the majority of bay-dependent communities, including

Mobile Bay's, 8till rely on these processes.



194

However, wpon the realization that the Chesapeske had crashed, =more creative and
agaressive wmanagement initiatives were pursued. Managing the Chesapeake as a whole,
instead of regulating specific activities taking place on her, has been seen as the only
hope for saving the Chesapeake. And & program has been implemented to focus the various
Federal, State and private rescurces on managing the Chesapeake Bay Estuary as an
ecosystem which has its limitations as far as absorbing impacts.

The establishment of site specific estuarine management programs in combination
with the r=2rulea.-ry processes may prove to be the most effective means of maintaining
estuaries, The economic consequences of crashing an estusrine ecoaystem are wevere,
The loss nf productivity and the comt of restoration are astronomic compared to
maintaining an e#etuary's health,

Armed with the knowledge of other bay-dependent communities successes and
failures, we should be able to adjust, and avoid the pitfalls previously encountered,
Hopefully, we'll be able to matntain the health of the Mobile Bay Eatuarine Ecosystem

well into the future. Thank you for your atrention and interest.



RECOMMENDATIONS RECEEVED FROM MODERATORS AND PRESENTORS

Raise Fublic Avareneas and Understanding of Coastal [ssuen

Fublic at Large

L

F.

All mgencles and institutions should do a better Job of Ainforming the pgenerral
public about their research and informarion generation  activities through
publiceations (both popular and scientific), speaking and other avenuves, --
Larry Coldmon

Efforts need to be extended to educete the adult pepulation, -- Jennjfer Gook

Programa for adult eduration need to  be designed anil implemented -
George Crozier

Agencies and institutions should organize a  apeaker’s  bureau  that  will
publicire the areca's values nand ongatng research to inform the public -
Extenaslon Service coordinate and solictt opportunitirs oaggressively, oo
Larry Coldman

Institutions mnd agencies should work Logether to spondor Bay Day or other
annual public awareress event thst publicizes the Pay nnd ita wvalues and
educates the public. -- Larry Galdman

Increase public interest in factora of environmental degradation-habjitat
alrerstion, ete, -- William Tucker

Future Decision Makers

Teacher truining efforts need to continue expanding. -- Jeanifer Cook
More teacher trsining programs should be tmplemented. -- George Crozier

Expansion of pre and in-service teacher marine eduration intensive short
couraas offered through inalitutions of higher education al Apprupriate  area
asrine lwborateriesa. -~ Sharon Walker

Work with local school districts to infuse marine toncepts intoe the regular
ciasaraom program. -- Lloyd Scett

Commitment by stare legislatora that education be Riven an appropriate funding
Friority, thereby ensuring that future generations will be we!l informed and
capable of making decimions involving the cansrrvation, proper management,
development, and wise utilization of our marine and aquatic resources. -
Sharon Walker

Edvucation - a 2nd grade child will vote in year 2000 (17 years from now) and
begin to make & statement concerning quality of life therefore we musrt provide
him with the fundamentals to make rational decisiocns. -- Smith and others

Cooperative Efforts

.

Lf pessible, cocperative studies should be undertaken to aveid duplication of
effarty in both the development and publication of curricular marine
mpterials. -~ Sheron Walker

Cooperatively develop educational programa. -~ larry Geldman

Duplication of programs and facilitiea muet be minimized due te the funding
constraints and even available audience. -- George Crozier

The commitment to avold duplication of educaticnal efforts neecds to continue,
-~ Jennifer Cook

Contihue efforts to encoursge cooperative participatien between area
educational institutions and marine-related agencies in support of marine
education, -- Lloyd Scott
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Educatinonal Efforts Session

A,

B.

The forum provided by the Symposium was appreciated and valuable in irself. It
should be formaiized and mede a regular event. -- George Crozler

Continuvation of on  educational session within furture symposia. -
Sharon Walker

Enhancement of Management Capabilities

Cooperatian and participation

A

To conserve our resources, it will be neccssary to work together. —— Swingle

Establishment of »a broad based group to discuss ideaa of management and
development before 'the swords are drawn'. -- Fred telechamps

Prudent development af our cil and gas rescrves will take
cooperation/discussion/compromise/working together. -~ Ernest Mancini

Davelopment of hydrocarbon reserves in the Gulf of Menice will impact futore
sctivities of the states/states’ needs to be involved in this development.
What is the role of Alabama Roing to be? -- Ernest Manctini

Long-Range Planning

A.

C.

Eztablishment of long-term plang for the entire Mobile Bay and Delta,
including the murrounding habitatas, -- David Hayden

Establiah a comprehensive planning process for Mobile Bay area determining
long-term development needs, areas for protection, and mitigation measures. --
Larry Goldman

A long-range plan for assessment of cumulative impacts {(both additive and
synergistic) must be initiated now. -- Judy Stout

Directing Research to Meet Managemeat Needs

A,

4 task force ahould be assembled ro define the scope and modelling needs  to
adequately wunderstand and manage Alabame estuaries. This task force would
interface with the scientific and mansgement communities and seek funding from
sppropriate mgencies mnd other gsources. -- Judy Srout

Incresse rescurces sllocated to environmental aspects of mtudies.- John Friend

A campilarion of existing data bases should be accomplished in one location.
Critical data gaps must be delineated including the physical /chemical
environment, bictic remponaes, and species sgpecific life history requirements.
4 plan, with time lines, should be developed to fill the defined gaps. -
Judy Stour

A number of detailed investigations need to be initiated or further developed
(1f alresdy begun), The purpose of these studies is tg provide the quantitjve
and ather informaticn necesasary for a clear understanding of the
characteristice of the natural systems and to complement the davelopment of
predictive models for management purposes. The topics of these studies are,
minimally - c¢irculation, flushing, pollutant and sediment transport, low
d¢issclved oxygen phenomena, pollutant uptake effects on the biotas {inclyding
man}, sewage treatment and disposal for minimal environmental degradation and
maximum economy, development of optimal dredge/disposal processes exhibiting
minimal environmental impact and maximum economic benefit, and the development
of a mechanism for comprehensive evaluation, including the synerpgistic aspects
of all these research elements. -- James 1. Jones

Cumulative impacts must be addressed. —— John Friend
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Initiation of Monitoring

A,

ILE.

A comprehensive manltoring program must be established to describe and
evaluate the natural history and pollution characteristics of Mgbile Bay., The
purpose of this program is to pravide the information necessary to develop and
conduct management ef{forts appropriate to optimum non-destructive multiple-use
of the system, This program, over e significant period of time (decades), will
need to monitor the kind and smount of heavy metal pollution in the waters,
sediments and biocts of the system; the chemical and physical aspects of the
water; the ecosystems floral and faunal characteristics; and the demographic
qualities of the Mobile Bay area huyman population. -- James L. Jones

A monitering program of indicator species and kry systems should be
implemented to provide real-time datm on perturbations, changes and impacts,
for short-term management as well as long-range planmning. -- Judy Stout

Heavy Metals

There is a clear need to exmmine bivalves for heavy metal content, in light of
lspherding’'s findings on high sediment concentrations of varicus metals and
also his findings on zinc levels in aysters of Mghile Bay. The more tommon and
texic metals found by Isphording should be selected. -- Ken Marion

Determine impacts on hiota of elevated levels of heavy metals present in Mobile
Bay and Mississippi Scund. -- Larry Coldman

Organic Pollutants

Bivalves in Mobile Bay should be monitored for organic polivtant levels an a
regular basis in the future {perhaps every five ycars), Now that we have done
our B8tudy, this data can most usefully serve as a baseline to evaluate any
potential future chenges in bivelve contaminant content and, uwltimately, water
quality in Mobile Bay. It would allaw one to determine if detrimental changes
are occurring. Even though severe levels of pollution were not found, the wide
variety of contsminants found serve as a clear warning that seme impact is
occurring. The «current National Status and Trends Program of NOAA has urged
that sampling of bivalves for organic contaminants take place at strategic
lacations and sensitive stations along the U.S5. coast at least every five
years to establish rates ¢l change in estusrine habitats. I would strongly
recommend that Mobile Bay be included in any future sampling program, whether
through NDAA or any other agency. -- Xen Marion

4 feollow-up study to organic contaminant work presented by Dr. Mariorn and
others should be conducted within 5 years. —-- Larry GSeldman

There is a need to monitar additional compounds not routinely investigated in
our study. BSeveral come to mind:
{1) dioxins - We leoked for these in a couple of samples and

found none, but they should be investigeted more thoroughly.

{2) PCBR'S - same as above. Considering their history of octurrence in the
upper Coosa chain, these should be investigated in the future.

(3) other insecticides/herbiclides - We only looked ar a few, The specific

compounds locally applied on crops should be investigated. Kelthane is
also commanly used now, and we did not look for it doe ta budgetary
constralnts. -- ¥en Marion

Fisheriea

Bivalves phould be watched for abnormal numbers of lesions, growth problems,
of unexplained pepulation drops in certain areas. Although I am not expecting
these to occur, these would be signs of severe problems. Local fisherman and
the Conservation Department can probably moniteor this, -- Ken Marion

197



If we gre to make Informed ocanagement decisions concerning our fishery
resources, to conduct the appropriate fishery-related studies. Funding
agencles must be prepared to put out the necessary funds te support such work
and there {8 really no suhbstitute for obtainlng the necessary information. My
second recommendation 1s actually an elaboration of the first, which stresses
that appropriate fishery-related studies must be multi-disciplinary in nature
if we truly are to apply the OSY principle of fishery management. --
Steve Malvestuto

Develep creel date wupdate and specifiic fishery management programs for the
Mobile Deltna, -- Larry Goldman

Harine Resources Division should initlate/continue a tagging program for
spotted seatrout and redfish to determine stock size, migration, fishery
pressure, and other management-related information. -- larry Goldman

Seabirds and Reptiles

Institute =8 comprehensive survey and monitoring program of seabird and
ghorebird nesting sites in coastal Alabama to determine thelr lengterm use and
changes that impact such areas. -- Larry Goldman

Develop and institute a comprehensive colonial seabird survey and
ronitoring program. Baseline data on colonial seabird status and distribution
in coastal Alabama is lacking. Relisble baseline data is needed if we are to
assess any Euture changes in seabird status and distribution. A comprehensive
survey and monitoring program to develop that baseline is absclutely
necessary. -- Dwight Cocley

A comprehensive status agurvey to deocument the exsistence, distribution,
habitat wuse, and population densities of comsstal herptiles should be

conducted, The rtesultant baseline information would be used to monitor
population changes and assist the decision-making process of lawmakers, apd
environmental planners and managers. -- Steve Carey

Habitat

Estatlish a regular systematic assessment program for subhmerged aquatic
vegetation that determines distribution 1in coastal Alabama (5 - 10 year
update). long range research should be undertaken to determine the factors
affecting abundance and distribucion of submerged grass. —- Latry Goldman

Eatablish & regular systematlc wetland trend analysis program that is
compatible with previaus and ongeing efforts (update every 5-10 years). -
Larry Goldman

Continuation of verious on-gaing monitoring programs and establishment of
additional programs where needed and justified., -- David Hayden

Hlabitat Preservation, Mitigation and Restoration

Habitat Perservation

A

Acquisition by the Alabame Game and Fish Division or other congservation
oriented entity of as much Mebile Bay and Delta wetiands as pratical and as
agoen as proatical. -- David Hayden

Continue amd accelerate scquisition at Bon Secour NWR and State holdings in
the Mobkile Delta, As deemed pratical existiag uses should be maintained.
Important colonial bird nesting sites should be acquired. -- Larry Goldman

Institute an aggressive acquisition program aimed atg protecting not
existing colonies but alse traditional colony sites that have been
Many of the traditional and exisiring seabird colony sites are located in
senitive areas that are subject to many development pressures. An acquisition
program atmed at acquiring would insure that these sensitive areas were not
developed and that the resource utilizing these areas remained tr the public
domaln, -- Dwight Cooley

only
abandoned,



Higheat priority areas to important sport fishery resources (redfish, spotted
geatrout and others} gshould be maintained with no net habitat less. Areas of
particular importance are submerged grass beds and marshes, and passes or
congtructions with high current velocity. -- Larry Goldman

Protection from detrimental impacts {such as dredging, filling, and water
pollution) ta the greatest extent praticable, -- David Hayden

The wacquisition and maintenance of habitat critical to the survival of many
coastal herptiles should be continued, -- Steve Carecy

Designate Gaillard Islend & bird sanctuary and develop a protection plan for
other colonial nesting sites. -- Larry Goldman

Degignate Gaillard Islend a Colonial Seabird Sacctuary, The importance of
Galllard Island as & 3eabird nesting ares is unquestioned. The administration
of the island at present is unclear and the potential for many impacts is
great. Designation of the island as a Seabird Sanctuary would add some measure
of protection and provide for continued colenial seabird use. -- Dwight Cooley

Develop & protection plan for existing colounial seabird resources. Over the
past two decadesa, almgat 50 percent of the colonial seabird colonies in
coastal Alabama have been abandoned. The reason for this is not clear but all
indications are that human disturbance was, in part, the reason. Aggressive
enforcement of existing statues and posting of colony areas should reduoce
impacts considerably. —- Dwight Cooley

Promote colontal seabivrd wuse of traditienml colony sites that have been
abandoned, Enforcement of existing statutes should larpely eliminate human-
related disturbance in arems, such as the west and of Dauphin Island, that no
longer nupport nesting colonies., {Once human disturbance has been eliminated,
these areas should be assessed ms to their potential to support nesting
populations, If this assessment reveals that the habitat is no longer suitable
for nesting. measures should be initiated to improve the habitat. --
Dwight Caoley

The ecological requirements and limiting factors of many coastal herptiles are
poorly known. Additicnal studies are urgently needed to insure the survival of
Alabama’'s coastal herpetofaunm. Funding forms of assistance should be made
available in sspport of such studies. -- Steve Carey

Predatar control may be necessary to insure the survival of some coastal
herptiles., ~- 5Steve Carey

Existing legislation protecting Alabama's coastal herpetfauna must be rigidly
enforced. State protection should be extended to 1include all priority
category herptiles. -- Steve Carey

State legislation banning the "gassing" of goepher tortoise burrows should be
enacted. This barmful pratice, used to flush ocut rattlesnakes, is deleterious
to the tortoises and their burrow asscciates (Speake and Mount 1973)., --
Steve Carey

The wuse of turtlewexclusion devices by commercial shrimping and fishing
trawlers should be changed from a voluntary te a mandatory basis. --
Steve Carey

Mitigation

AL

flata and information should be obtained to compare natural and manmade
wetlande 1n terms of their various functioans. How much do we get back when a
marah ig created as compared to a matural marsh, -- Larry Goldman

Stronger censideration should be given to preserving wetlands as a mitigation
measure for permitting wetland lossess. -- Larry Goldman

A fallowup study should be conducted on mitigation projects plus a tighter
rein should be placed on requirements for mitigation projects to assume proper
conatruction efforts and setisfaction of permit requirements. --larry Goldman
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Further refinements are needed in methods used to determine the quality of

habitat less when a project ig proposed. -- Larry Goldman

E. Consideratian should be given to cstahlishment of a mitigation bank or credit
gystem. -- Larry Goldman

F. Procedural guides or manualsy should be developed to describe when, where, and
how wetland creation should be performed. This publication would explain
imporrant requirements for wetland develapment and growth, as well as
functions sought through wetland creation. -- Barry Vittor

G. Oversight agencies should develop a joint plan for monitoring construction
and success of wetland creatian prejects. Such a plan would consider soil
characteristics, elevation contral, hydrelogy, vegetation survival and growth,
and faunal communities. -- Barry Vitter

H. Wetland creation bankas should be tongldered as a means of providing
mitigation for wunavoidable wetland loases, in a carefully managed,
demonstrably successful wetland creation program. -— Barry Vittor

Renstoration

A. Establish enhancement programs after careful consideration of both shork-
and long-term benefits and the cost—benefir ratio, -- David Hayden

B. GSelective habitat restoration efforts should be established. -- Judy Strout

C. Develop longterm dredge material disposal plans for areas in coastal Alabama

and protection plane for known colonial bird negting sites and rehabilitation
plans for sreas formerly used for nesting but now abandoned. -- Larry Goldman
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611 E, Harksdale Drive

Mcbile, AL 36606

Brad Durling

Gulf Coast Conservation Association
2Bl Pine Ridge Drive

Lillian, AL 36549

Arthur Dyas

Coastal Land Trust Inc.
P.O. Box 1029

Mobile, AL 36623

Joy Earp
©259 Lauscnne Drive North
Mobile, AL 36608

Elaine Eutrekin
Mobile College
P.0. Box 13220
Mobile, AL 36613

Davis Findley

U.S. Army Corpa of Engineers
P.0. Box 2288

Mobile, AL 36628

Robert Free
2335 Dog River Drive Narth
Mobile, AL 36605

Elizaberh French
36 Ridgeview Drive
Chickasaw, AL 36528

John Friend

Baldwin United

P.0. Box 622
Montrose, AL 36559



LIST OF ATTENDEES CONTINUED

John Fultan
P.0. Bux 1650
Gulf Shares, AL 36542

Brad Gaing

Alabama Dept. Environmental Management
2204 Perimeter Rosd

Mobile, AL 36615

Larry Goldman

U.S. Fish and Wildlile Service
P.0. Drawer 1190

Daphne, AL 36536

Judy Gooch
5958 Shenandosh Boad South
Mobile, AL 36608

Derrek Griffey
52 Ann Street, Apt. C
Mobile, AL 36604

Patrick Hallecrt

BM Converse Inc,

108 St. Anthony Street
Mobile, AL 36633

David Hayden

Game and Fish Div,, ADCNR
4313 Mabson Drive
Montgomery, AL 36106

Sreve Heath

Marine Resources Div., ADCNR
P.0. Box 189

Dauphin Island, AL 36528

Ken Heck

Marine Environmental Sciences Consorcium
P.,0, Box 36G

Dauphin Island, AL 36528

Bob Henderson
612] Palemino Drive
Mobile, AL 36609

Sherry Herron
1020 Mixon Avenue
Bay Minerre, AL 36507

Robert Hodye

Fowl River Protective Association
Fr. 1, Box 343

Theodore, Al. 36382

Gary Holcomb

Alabama Dept .Environmental Management
2204 Perimecer Road

Mobile, AL 36615

Tom Hupkina _
Marine Environmental Sciences Consortium
P.0. Box 369

lauphin 1sland, AL 36528

¥illiam Hosking

Alatama Sea Grant Extension Service
3940 Covernment Blvd. Suite 5
Mobile, AL 36609

Edgar Hughes

Mubile County Health Dept.
P.O. Box 2867

Mobile, Al 36652

Tom Hurchiason
Coastal Land Trust
¥ South Hathaway
Mobile, AL 36608

Tara Irwin
1861 Hunter Avenue
Mobile, AL 36606

Wayne Iaphording
Geology Depr,

University of South Alsbama
Mobile, AL 36688

Janes Jones

Hiasissippl-Alabama Sea Grant Consortium
7.0, Box 7000

Ocean Springs, MS 39564

Pamela Jamen
P.O. Box 369
Dauphin Island, AL 36528

Laverne Jones
1208 Wagner Streetc
dobile, AL 366017



Myrt Jones

Mobile Bay Audubon
P.0. Box 9903
Hobile, AL 26805

Hick Jongebload
Re, 1, Box 1274
Irvington, Al 36544

Marion Juzang
3635 O1d Shell Road
Moblle, AL 36608

Sam Kayser
130 South McGregar Avenue
Mobile, AL 36608

Bill Kruczynski
EPA Laboratory
Gulf Breeze, FL 32561

Dennia Lathem
P.0. Box 4220
Montgomery, Al 36195

Skip Lazaugki

Marine Resources Div., ADCNR
P.Q, Box 189

Dauphin Island, AL 96528

Wally Lee
P.0. Box 1736
Maobile, AL 36608

Fatr Leffingwell

Business College

University of South Alabama
Mobile, AL 36688

Tony Lowery

Alabama Sea Grant Extension Service

3940 Government Blvd. Suite 5
Mobile, AL 36609

Larry Ludke

Maticnal Wetlands Research Center

1010 Gause Blvd.
S5lidell, LA 70452

LIST OF ATTENDEES CONTINUED

Steve Mader
F.D. Box BOOZ2

North Carolina State Univeraity

Raleigh, NC 27695-8002

Steve Malvestuto
Fishervies Department
Auburn University
Auburn, AL 36849

Ernest Mancini

Alabama Geological Survey

P.0, Drawer G
Tuscalcosa, AL 35486

Ken Marion
Biology Dept.

University Alabama Birmingham

Birmingham, AL 35294

John Marshall
Biology Departament

University of South Alabama

Mobile, AL 36688

Tom Matthews
Dauphin Island Sea Lab
P.D. Box 369

Dauphin Island, AL 36528

Hugh McClellan

U.5. Army Corps of Engineers

P.0. Box 2288
Mobile, AL 36628

N. D, McClure

U.S, Army Corps of Engineers

P.0. Box 2288
Mobile, AL 36628

Ellen McBonald

63 South Layfayette Street

Mobile, AL 36604

Frenk McFadden

Mobile, AL 36609

Steve McMillian

P.0. Box 337
Bay Minetre, AL 34507

1009 High Point Drive West
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Charlas McKair
284 014 Bay Front Road
Mobile, AL 36615

Jim Meador

Bon Secour Fisheries
P.0. Box 6dd

Point Clear, AL 36564

Elizabeth Meek

College of Education
Univeraity of South Alabama
Mobile, AL 36688

Bill Menton

Alabama State Senator-Distrirr 35
Rt.2 Box 171

Irvington, AL 36544

David Miller
P.0. Box 61707
New Orleans, LA 70161

Laura Mitchell

P.0, Box B0OOZ

Norch Carolina State University
Releigh, NC 27695

Ack Moore
F.0Q. Box 203
Daphne, AL 36526

Adrienne Morgan
2410 Bragdon Avenue
Mobile, AL 36617

¥en Morris

Biology Department

Univeraity Alabama Birmingham
Birmingham, AL 353294

Lisa Myers
3105 Dauphin Street, B-12
Mobile, AL 36606

David Nadeau
Rt. 1, Box BG7
Coden, AL 36523

LIST OF ATTENDEES CONTIMUED

Michael Hance

Thompson Engineering
53-4 North Church Street
Fairhope, AL 36532

David Nelson

Biology Department
University of South Alabama
Mabile, AL 36688

Douglas Nester

U.S. Army Corpa of Engineers
P.0. Box 2288

Mobile, AL 36628

Lynne Newman
P.0. Box 606
Theodore, AL 36590

Brenda Nickman
Rr. 1, Box 308-B
Fairhope, AL 36532

Joe Horton
Rt. 1, Bax B8
Loxley, AL 36551

Warren Norville
327 Dalewood Drive
Mobile, AL 36608

Marie Patrick
Rt. 1, Box 176-4
Sumnerdale, AL 36580

Kenny Phillips
200 Mobile College
Mobile, AL 36613

P, Rawsonfer
Hillwood Rcad 56
Mobile, AL, 36608

Susan Ivester Rees

U.5. Army Corps of Engineers
F.0, Box 2288

Mobile, AL 36628
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Andrew Rindsbery
54958 Shenandoah Road South
Mobile, AL 36613

Randy Roach

U.5, Fish and Wildlife Service
P.0. Box 1190

Daphne, AL 36526

Sherry Roberts
1768 Sheips Lane
Mobile, AL 36608

Pasquale Roscigna

National Wetlands Research Center
1010 Gause Blvd,

Slidell, LA 70458

George Rush
P.0. Box 56
Daphne, Al 36526

Whitney Rustand
2727 Scenic Highway
Pensacala, FL 32503

Al St.Ciair

Hohile Ares Chamber of Commerce
P.{, Box 1243

Mobile, Al 36633

Tim Savage

Alabama Dept.Environmental Management
308 Barnhill Drive

Duphne, AL 36526

William Schroeder

Marine Environmental Sciesce Consortium
P.0. Box 369

Dauphin Island, AL 236528

Lloyd Scort

Environmental Studies Center
P.0O. Box 1327

Mobile, AL 36633

lisa Shanahan
5701 Freeman Drive
Mobile, AL 36604

Kevin Shaw
B.G. Box 6647
Mobile, AL 36660

Robert Shipp

Biology Department

University of South Alabama

Mobile, AL 36688 '

Steven Sikeas

Biology Department
University of South Alabama
Mcbile, AL 36688

Jay Simmonds
P.0Q. Box 169]
Mobile, AL 36633

Tim Simmonds
Baldwin United
F.0. Bax 130
Montrose, AL 36559

Hattie Smith

South Baldwin Chamber of Commerce
P.0. Box 1117

Foley, AL 36536

Douk Staub !
P.0. Box 1651 o
Mobile, AL 36633

D. E. Stearns

Daughin Island Sea Lab

P.O_ Bax 359 Y
Dauphin Island, AL 36528

Julian Stewart

¥ittor and Associates Inc.
8100 Cottagehill Read
Mobile, AL 36609

Lynn Stewart
1425 Terry Lane
Mobile, AL 36&05

Eobert Stewart

National Wetlands Research Center
1010 Gause Boulevard

Shidell. La 70458



LIST OF ATTENDEES CONTINUED

Judy Stout

Marine Environmentyl Sciences Consort ium

F.0. Box 39
Dauphin Island, AL 235529

Marie Sweeney

Mabile Area Chaober of Commerce
P.0. Box 2187

Mobile, AL 36657

Morgan Swifr
360 Tutum Avenue
Mobile, AL 36609

Hugh Swingle

Marine Resources Division, ADCNR
P.O. Bux 189

Dauphin Island, AL 36528

June Taylor
P.D. Box 200
Foley, AL 365236

Alan Temple

Dauphin Tsaland Sea Lab
P.0O. Box 369

Dauphin Island, Al 36528

Ellen Thomasson

Gulf Coast Conservation Association
F.O. Bax 16987

Mobile, AL 36616

Bruze Trickey

Consulting Associates, Inc.
314 Dalewood Drive

Mobile, AL 36608

Bill Tucker

Game and Fish Div.,ADCNR
P.G. Box 245

Spanish Forec, AL 36527

Carry Tuckar
Rr. 1, Box 91
Summerdale, AL Jb586

John Tyson
600 Bel Air Boulevard
Mobile, AL 36606

Kenneth Valco
P.0. Box 978
Guli Shures, AL 36542

Mark ¥an Hoose

Marine Resource Division, ADCNR
P.0. Box 72

Dauphin Isiand, AL 36528

Richard Wellace

Alubuma Sea Grant Extension Service
3940 Government Blvd, Suive 5

Mabile, AL 36609

Sharcon Walker

Missiasippi-Alabama Ses Grant Consortium
P.0O. Box FK

Ocean Springs, MS 39564

Lewis Waller
L71¥ 01d Shell Road
Mobile, AL 36604

Sandra Wanner
2254 Reau Terra Drive West
Mcbile, AL 36618

Mary Watkin

Nitional Wetlands Resesrch Center
1010 Gayse Boulevard

Slidell, LA 70458

k. D, Wells
51 Rickarby Place
Mobile, AL 36606

Greg Whitendorfer
Rt. 1, Box BB
Loxley, AL 36551

Karen Williams

U.5. Army Corps of Engineeys
F.0. Box ZZ88

Mobile, AL 36628

HBave Wilaon

Dauphin Island Sea Lab

P, 0. 369

Dauphin Istand, AL 356528
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Patricia D, Wilson
284 (0ld Bay Front Road
Mobile, AL 36615

Nelson Wingo
P. 3, Box 5343
Robertadale, AL 36567

James A. Yance
P. 0. Box 6670%
Mohile, AL 36660

Joe Zolczynski

Gage and Fish Division, ADCNR
P.0. Box 245

Spanish Fort, AL 36527

o



