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FISH HABITAT SYMPOSIUM
1985
INTRODUCTION

Joseph G. Halusky

Welcome to this, the first, North East Florida and Coastal
Georgia Fish Habitat Symposium. Why are we here and how did this
event come to be? Very aimply, we are here to fulfill a need
to develop a better understanding of how rapid population growth
is affecting our coastal fisheries habitats. It came to be,
because people who depend on marine resources for their sport or
their livelihood have recognized the need for wisely managing
human activity affecting the coastal resources that support
marine life. These "marine awaref citizens, through their some-
times daily contact with the cocastal environment, have observed
changes in wetlands thought to be assoclated with nearby ™upland®
activities. Many have expressed concern for wise coaatal fish
habitat management through Sea Grant Extension Advisory Commit-
tees, at public hearings, and through their industry, environ-
mental, and civic associations. One issue they all seem to agree
on is that decisionmakers, at all levels, need solidly founded
sclentific information about how people affect the envircnment
and the marine life {especlally the fisheries) it supports.

Ultimately, the decisions made by publio officials and
private developers will, in some way, affect the nearby wetlands.
That almost any activity in upland areas will change the amount or
quallty of water before it reaches the estuary is as sure as the
fact that water runs down hill. Ecologists recognize that an
estuary is defined by the amount and quality of fresh water
reaching it. Since the wetland dependent fishery is directly
affected by upland changes that alter the water flowing through
the system, it becomes a pecple and growth management problem.
Fisheries management 13 people management!

The scope of wetland (fish habitat) changes can best be
understood bdy looking at N.E. Florida's population trends and
wetland acerages as an example. According to Florida Estimates
of Population, published in April, 1981, seven counties (Nassau,
Duval, St. Johns, Flagler, Volusia, Putnam and Clay) collective-
ly, grew by 79% between 1970 and 1980. The 1980 census reported
that 1,042,476 persons lived in N.E. Florida. By 1981, the

N.E. Florida Sea Grant Extension Agent, Route 1, Box 1214, 8t.
Augustine, Florida 32086.



the population had grown by 22,126 persons. That is an 1lncrease
of 426 new residents each week for the region. If growth con=-
tinues at this same rate (approximately 500 per week), by the
year 2000, we can expect over 375,000 new residents in an area
just over 3000 square miles for a total population of 1.5
million, or 500 persons/sq. mile.

Keeping this in mind, and with a few more facts, we can
surmise how this growth will affect fishery habitats. First, the
majority of sport and commercially valuable marine fish and
sheilfish species are directly dependent on estuarine wetlands
for their survival as a 3species. According to a recent report to
the Florida Chapter of the American Fisheries Society, by the
Florida Department of Natural Rescurces, 72% of the commercial
and T4% of the sport species of fish and shellfish must spend
all or part of their lives in or associated with the estuarine
system. This includes many species commonly harvested offshore,
such as Menhaden. The U.S. Geological Survey (perscnal communi-
cation) estimated that in the N.E. Florida seven county regilon,
there are 227 square miles of non-forested wetlands, representing
only 8% of the total land surface area. From this we can infer
that over 70% of the sport and commercial fish produced in this
area come from less than 8% of the surface area. The water
draining from the rest, all 3000 =q. miles of the area that isa
used by the residents, eventually reaches the bottom of the hill,
somewhere in these 227 sq. miles of wetland. In other words,
their impact could be equivalent to 6,600 people living on each
square mlle on non-forested wetland. It i3 easy to see that
without proper planning, the growing human population will un-
doubtedly alter the fish habitata.

Proper planning requires a holistie picture of the ecoays-
tem, based on a s80lid foundation of aclentifically acceptable
information and research., A holistic picture includes studies of
human needs and wants, as much as those of the marine l1ife. Who
has done this research? What doea the scientific community Know
about this region's coastal fisheries habitats? What does it not
know? Where are the gaps in information? What management stra-
tegies are needed to insure that the fisheries habitats will not
be significantly changed by uncontrolled human activity nearby?
How can people and fisheries co-exist? What do decisionmakers
need to know about marine environments to make good declsiona?
These are just a few of the quesztions that are being explored by
the speakers and guests of this symposium.

Solicited review papers will provide a broad overview of
knowledge about the region, as presented by a variety of acadenmic
and agency experts. They will explore what work has already been
done and give a synopsis of the present state of knowledge for
their topic areaas. These topics will include economics and
trends in growth and fisheries; offshore fisherieas; coastal fish-
erlies habltat descriptions of Florida and Georgia; river basin
contributions to fisheries; the governmental process affecting



fisheries habitats; and finally, a national overview of coastal
fisheries habitat 1issues.

Thia symposium is intended for DECISIONMAKERS at all levels,
businessmen; developers; local and state officials; sport and
commercial fisherman, who depend on a healthy fisheries habatat;
and the public, who enjoys and uses these natural resources. It
is not pro- or anti-coastal growth. It is a factual apprecach
almed at solving perhaps one of N.E. Florida and Ccastal
Georgia's most important problems, that is, how can rapid human
gErowth be managed so that a high quality of life can be assured
for both people and marine life?

This symposium has three primary purposes:

1) identify existing scilentific information regarding coastal
marine fisheries habitat growth 1lssues from Savannah, Georgia
to Mosquito Lagoon, Florida, and the St. Johns River Basin.

2) summarize and distribute this information through a published
proceedings.

3) promote further research and wise management of wetlands and
adjacent areas by identifying relationships between growth
issues, informational needs, decisionmaking, and the fish
habitat system.

Ralph Waldo Emerson once said "The earth laughs in flowers"™.
Marine life, like the flowers, grow only where there 1s a healthy
environment to support it. How can we insure that the wetlands
will continue to laugh jin fish?

I hope that this event becomes a bullding block upon which a
continuing relationship between the scientific community and the
decisionmakers will develop. I hope that it becomes a platform
from which scund decisions can be made for the benefit of all
people who choose to live in these sensitive coastlands. Pera
haps, more importantly, I hope that it becomes a platform from
which sound decisions can be made for those who cannot choose for
themselvaes - THE FISH!I!II




A BIRD'S EYE VIEW OF COASTAL GEORGIA: ITS GEOGRAPHY,
INFLUENCE OF MAN, AND FISHERY

Tayler Schoettle

Georgia and north Florida share a unique geographie setting
being located together in the deep recess of the South Atlantie
Bight, 1In spite of this fact, the differences between the two
areas are surprilasing.

Geograghic'

Georgia harbors about a half a millicen acres of salt marsh
along its 100 miles of coast. A& four to eight mile wide strip of
marsh separates the Georgiz barrier islands from the mainland.
Five major rivers bring water from all parts of our state, its
mountains and piedmont, intc our marshes. Ten major inlets allow
6.5 to 9 feet of tidal water to rlood the marshes twice a day.
Salt and brackish marshes extend as far as 20 miles inland.
Comparing this desecription of Georgila's c¢castal wetlands with
those of north Florida, one can fully appreciate their marked
differences.

Population

Unlike Florida, only one-third of our 13 major barrier
ialands are inhabited and the other two-thirds are wildlife
refuges, state parks, research stationas and monuments under state
and federal management. Less than 10% of the population of
Georgia lives in our =1x coastal counties.

It is curious to see that, in spite of the relatively sparce
development of the whole Georgia c¢ccast, two-thirds of the clan
and oyaster beds are condemned because of coliform pollution.

Most of the older communlities along our marshes have poor septic
facilities, and are densely developed. Rapidly growing communi-
ties, like St. Simons, have overworked sewage treatment systems.

There are about 14 miles of beach on the public islanda of
Tybee, Jekyll, and St. Simons. About 70% of these beaches are
sea walled. Except for Jekyll, a state owned island with re-
stricted development, the beaches are being develceped at an
alarming rate. Unlike our well protected marsh lands, the laws
protecting the beaches need serious revision.

The development of upper income cul-de-sac neighbobhoods,
condominiums, apartment complexes, restaurants and shopping
centers is continuing at an accelerated rate in 3t. Simons, Sea

Marine Extension Service, The University of Georgia, P. 0. Box Z,
Brunswick, GA 31523



Island and Kings Bay. Accompanying the high density development,
increased runoff with pesticides, fertilizers and organic pollu-
tants adversely influence the esatuaries and sounds. The mounting
numbers of private boats and marinas alsc contribute to the
inereased pollution and disturbance of the estuary.

Industry

North Florlida and Georgia share a common feature which is
rather rare. Water-dependent industries such as paper mills and
zundry chemical plants play a major role in our communities. For
many years, these industries have polluted our air and water and
drawn heavily from our aquifer. Tightening of our pollution
standards in the early T70's has helped the air and water pollu-
tion, but the continued wholesale drain on the aquifer is showing
alarming signs of water depletion in both statea. Coastal
Georgia is continually bombarded with requests to acquire land by
new chemical companies which want to take advantage of our water
resource and cheaper operating costs. Their alluring promises of
large scale employment and increased economic flow for our de-
pressed coastal communities understandably find attentive
audiences among municipal leaders.

Fisheries

Fisherles in Georgia at present are limited to shrimp and
crab. Shrimping requires a large investment of money and can
yleld a highly valued product. As a result, the shrimp are under
. heavy fishing pressure. The increased number of boats and dimin-
ishing landings in the paat five years are seriously hurting this
fishery. )

On the other hand, erabbing requires little investment but
vyields relatively little income. This fishery continues to yield
a steady harvest. Soft crabs, with the high prices they bring and
relatively inexpensive shedding facilities, offer great potential
as a fishery, especially with our long warm season. With
improved methods of peeler procurement and shedding technology,
this fishery could grow rapidly and may have considerable impact
on the crab population in the future.

Finfishing has not been a prominent industry in Georgia
until recently. Our region with its extensive shallow, warm
shelf waters and sandy bottoms offers a poor habitat for commer-
eial finfishing. The 60 to 80 mile distance from our coast to
the edge of the continental shelf has hampered offshore fishing.
Improved technology and knowledge of offshore fish populations
has inoreased our recent fish landings. But some of the valuable
offshore species are rapidly declining in nuwmbers under moderate
fishing pressure.

Sport fishing is affected by the same factors as commercial
fishing. Sport fishing for trout, croaker, sheepshead, basas,



whiting and flounder is enjoyed by Georgians. Local fish sold in
coastal markets come mostly from sport fishing and from shrimp
vessel by-catch. Shark, squid and eel are abundant, but as yet,
consumers are few.

Oystering was a major fishery in Georgia at the turn of the
century, but today it has virtually died out. There i3 an
abundance of oysters and clams in our marshes and a growing
interest in harvesting them. If cour wateras beccome cleaner,
culturing procedures improve and depuration facilities are
established, oystering and clamming may again become commercial
fisheries here.



Fisheriea Resources, Values and
Trends in Northeast Florida and
Georgia and Ties to Coastal Habitats
James C. Cato

Introeduction

The coastal habitat of Northeast Florida and Georgia contri-
butes heavily to the economic¢ well being of both regions. The
rivers, salt marshes, bays, oceans and watersheds all make a
contribution in thelr own way. Some provide, through thelr use,
economic benefits that are very difficult to measure., This paper
will focus primarily on the measurable or identifiable products
that result from the coastal systems--the flsh and shellfish.
This is the most visible part, i1s easlily identifiable by the
users and managers, and provides the common denominator for most
discussions concerning the ¢castal systems. Thls overview in-
¢ludes a brief discussion of population pressures in the region
and the fishing and boating public that impacts the estuaries,
gives a few historical polnts of interest on certain fisheries
within the regicn and concludes with a major reviewy of important
species trends of the past twenty years.

Fisheriea are directly tied to the productivity of the
estuaries. Most of the commercilally and recreationally important
species conslst of estuarine dependent specles as pointed out by
McHugh (1976). No marsh or no coastal habitat means no fish,
thus, most bioclogists estimate the value of the marsh to be very
large. However, since most blological research results do not
define guantitatively the relationship of fishing output response
to marsh in terms of a physical production function that can be
tied to economics using the concept of marginal producetivity, 1t
is difficult to put values on marsh productivity.

Sufficlent marsh may still remain to maintaln adequate fish-
ing production. S0, the real question may he the marginal values
of the marsh in fish production. 1In other words, how much would
fishermen pay to "not lose" one acre of marah or how much ¢ould
be paid to "gain” one acre. Lynne, et., al. (1981) reviews most
attempta to determine the economic value of marsh estuarine
systems.

At least four approaches have been tried to value the marash,
Depending on the method, the capltalized value per acre has
ranged from $7 dollars to $82,940. It's easy to see the problem.
All these methods and values can be seen as summarized in Cato
(In Preas).

James C. Cato i3 Professor of Food and Resource Economics,
Univeraity of Florida and Director of the Florida Sea Grant
College Program.



Has fishery production really declined in coastal Northeast
Florida and coastal Georgia? Available data indicate that the
answer is probably yes. The general public certainly perceives
that to be the case. A 1981 survey as reported in Bell {1982)
indicated that 21 to 50 percent of sportsfishermen in Florida
thought there were declines in the stocks of snappers, seatrout,
grouper, king mackerel, dolphin and catfish, depending on the
species. When combined, water pollution and habitat destruction
were percelved to be the primary reasons. It is interesting to
note that residents perceived greater fish declines than did
touriatas.

Increasing numbers of people wanting to use a declining
resource create the problem of political and/or economiec alloca-
tion. Fisheries can be used without cost (for the resource
itself) since they represent a common property resource. No user
has the exclusive right to use the resource, nor can others be
excluded from its use. When the resources become limited, and
the users compete for the fish, no market exists to allocate them
and the political system must solve the problem. Not only 1is
this true between the fishermen themselves, but also between the
fishermen and coastal development.

Users groups often want to use economic impact estimates as
a tool in allocation. Extreme care must be taken in using these
type estimates. Optimum allocation of resources should result in
a position where the last unit allocated to each group brings
identical benefits. Just because one group has a larger economic
impact doesn't mean it should receive a larger allocation. For
example, in a highly developed recreational fishery, a larger
- total economic impact resulting from a reallocation might ocour
by taking incremental amounts of the fishery from the recreation-
al sector and glving it to the commercial sector. Recreatlonal
fishermen should still participate (assuming the incremental
change 1s small) and the "new" fish in the commercial sector
create value as they are traded in the market. Each fishery and
combinations of fisheries must be examined on their own merits.

Developing any kind of aquatic habitat policy is difficult
when the region has a large number of conflicting uses such as
those described above and is already highly developed. Economice
trade-offs must certainly be considered. Development is much
more rational with an adeguate policy in place to guide that
development. There are a number of major policy issues that must
be faced.

The demand on resocurces must be considered. Should aquatic
habltat be used in any amount as suggested by demand? How far
nust demand for one use be reconciled with the demand for others
when they compete for the use of natural resources? How far
should government stimulate the free use of the commonly used
aquatic areas? Should policies be developed to maximize the
econcmic return from these habitats?



Maintaining environmental quality 1s alsc a major policy
issue. Who sets the quality standards? Is the public prepared
to pay the coat of quality maintenance? Who should enforce
design criteria for environmental protection? Should cumulative
impacts of using our aquatic habitat be considered?

Effective planning is a must. All agencles and groups will
have to plan cooperatively to recognize both impacta of demand
for the resources and environmental quality. This ingludes re-
search planning. A recent meeting of economists from the Gulf
and South Atlantic states defined a number of research needs for
fisheries, wetlands and coastal resources as reported by Cato and
Copeland (1983). Research needs in fisheries were grouped into
those answering capital and financial questions and those with
management implicationas. Those regarding wetlands and ccastal
resources were pore general in nature. The interested reader is
referred to that document for more detail.

Population

From 1960 to 1983, total population in seven Northeast
Florida and six coastal Georgia counties increased 53 percent
from 952 thousand people to 1.456 million in 1983 (Figure 1).
Florida population increased 62 percent while Georgia coastal
population increased 29 percent. Population in 1983 and percent
growth by county is shown in Table 1.
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Table 1. --Population in 1983 and Percent Growth Since 1960
by County for Coastal Northeast Florida and Georgia.

1983
County Population 1960 - 1983 Growth
(Thousands) (Thousands) (Percent)
Georgia
Bryan 12.0 5.8 93.6
Camden 16.4 6.4 64.0
Chatham 206.3 18.0 9.6
Glynn 56.1 14,1 33.6
Liberty 45.8 21.3 215.9
McIntosh 9.0 2.6 40.6
Total 345.6 78.2 29.2
Florida
Nassau 36.3 19.1 111.1
Duval §87.1 131.7 28.9
Clay 74.5 55.0 282.1
Putnam 54.2 22.0 68.3
St. Johns 60.1 30.1 100.3
Flager 13.8 9.2 200.0
Volusia 284.6 159.3 127.1
Total 1,7110.6 426.4 62.3

Grand Total 1,456.2 504.6 21.5
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Boating

Growth in the total number of boats and vessels in Northeaat
Florida has been 242 percent (from 15,660 to 53,634) over the
past 21 year period (see Figure 2). Recreational boats have
caused this growth (320 percent) while commercial vessels have
actually declined 21 percent (3,556 to 2,795). Change in regis-
tration laws (1973 - 74) had some impact but the growth has still
bhean tremendous.

Historical data on Georgia boats and vessels are not as
readily available. Georgia does not have an annual renewal of
becat registrations and an owner purchases a three year license.
Conseuquently, all license registration figures are for those
licenses currently valid and would include licenses purchased up
te three vears agce. The number of recreational beats registered
in 1983 in the s3ix coastal counties was 22,347 (Andre Kvaternik,
Georgia Department of Natural Resources, personal communication).
A grand total of 1,046 commercial fishing boat (trawler) licenses
were issued in Georiga in 1983. Thias included boats (547) and
vessels (499) and 214 non-resident licenses. A total of 93 of
these are probably included in Florida registrations. In addi-
tion 729 non-trawler licenses were sold in Georgia in 1983.

These data total 73,186 recreational boats and 4,570 commer-
cial boats and vessels combined for the same time period. The
intensity of recreational boat use can also be demonstrated by
the fact that across the coastal reglon an average of one boat is
registered for every 18 people or 7 households (Table 2).

Sport Fishing

Data on sports flshing are not nearly as abundant as those
for commercial fishing. However, the earliest reports highlight
the same commercial and sport conflict that exists today. Gregg
(1902) reports that the fish in Florida had declined since the
advent of "the steamboat®™, the railway and last but not leasat the
ice factory, which were followed by the "man with the net™.
Gregg added that f{n some areas the "man with the net" had been
restricted and fishing in those partas was still good today.
Sounds like today.

Gregg (1902) reported beginning trips to Florida in 1885,
spending most of his time at various angling resorts on both the
Eastern and Western coasts. His first stop was at St. Augustine
where he fished the Mantanzas and 3ebastian Rivers many times.
Fiashing "tourists™ were not numerous in the late 1800's.

Parties visting the West coast were obliged to go by steamer up
the St. Johns River and then by stage or wagon to the coast, or
by rail to Cedar Key and then along the coaast by small steamers
or salling craft. Parties bound for the East ccast could go from
Jacksonville to New Smyrna by steamer or sallboat, then up or
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Table 2., --Recreational Boats in Coastal Northeast Florida and
Georgla and Persons and Households Per Boat for the Approximate
1983 Time Period.

State Recreational Persons Households
and Boats Per Per
County Registered? Boat? Boat®
Georgia
Chatham 12,698 16.2 5.9
Bryan 1,335 8.5 2.7
Liberty 1,445 31.1 8.3
McIntosh 963 8.5 3.0
Glynn 4,343 12.9 4.8
Camden 1,563 9.1 3.0
Total 22,347 15.2 5.3
Florida
Nassau 2,174 16.9 5.8
Duval 26,066 22.2 8.4
Putnam 4,990 10.9 4,1
St. Johns 2,759 20.6 7.8
Volusia 14,850 19.0 8.0
Total 50,839 - 19.9 T.7T
Grand Total 73,186 18.4 7.0

8 As of August, 1984 For Georgia, 1983-84 ror Florida

b Based on 1982 Population data from Sales Marketing Management

Magazine, 1983.
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down the inaide or outside watersa to their destinationhs on sail-
boats, or cecould take a steamer up the St. Johns to Sanford, and a
stage or wagon to New Smyrna, and then a sallboat up or down the
coast. According to Gregg, the leading fishing resorts on the
East coast during the late 1800's were located at Oak Hill, New
Smyrna and Ponce Park.

Speqific locations mentioned by Gregg with some detail are
Mayport, Atlantic Beach, San Pablc, and St. Augustine. Regarding
Mayport, Gregg mentioned many species of fish, but mentions that
the best of all fishing occurred standing at the jetties on the
rocks or near them in a small rowhboat. Channel Bass seemed to be
of interest. Atlantic Beach also produced Channel Bass and
aportmen staying at a new hotel there in 1901 could take the
train to Mayport at several different hours during the day, nfish
the tide" and return to the hotel for dinner. At 3San Pablo that
same year, the hotel was supplied with Pompano caught from the
surf with nets. Lastly, Gregg reports the following about St.
Augustine:

"A very pleasant way of spending the day at St. Augus-
tine i3 to provide yourself with a cheap cooking out-
fit, conaiating of a wire gridiron, frying pan, coffee
pot, and cups and saucers, plates, knives and forks,
spoons, etc. Go to Corbett's and buy some Oysters, or
you can depend upon picking up all the "Coon" Oysters
you will need. Take one of the sailboats, go to the
North River, or other place recommended by the boatman.
Catch your fish, land and cook them with such other
edibles as you choose, and roast your QOysters in thelr
shells over a wood fire. Oysters cooked in this way
suit me better thanm in any other astyle, but, as I have
before said, "tastes differ®. Try 1t once and see what
your judgment is. OQOyster roasts are quite a feature at
S5t. Augustine from November to March or April"™.

Sportfishing in Northeast Florida has changed dramatically
since the writing of Gregg and those who fished before him. For
example, the 1981 three-day Greater Jacksonville King Mackerel
fishing tournament generated an estimated $700 to $800 thousand
in economlc activity from just the participants alone as reported
in Milon et.al. (1982). Bell et.al. (1982) provides characteris-
tics of the typlical modern Northeast Florida angler in Tables 3
and 4. The average resident angler spent 19 days and the average
tourist almost 3 days sportfishing for a 1980-81 twelve month
period.
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Table 3. -~ Demographic Profile of Resident and Tourlst Saltwater
Racreational Fisherman by the Northeast Florlida State Planning
Region, 1%80a81.

Chatacteristic Reslident Tourist
male 73.2% 93.4%
feamale 26.8% 6.6%
Caucasian 96.0% 90.0%
Black 3.6% 9,8%
Professional 11.6% 10.3%
Management 29.5% 21.4%
Blue Collar 27.7% 32.7%
Retired/Semi-Retired 10.7% 23.5%
Other 20.5% 12.1%
Median Age

Age 35.6 50.3
Median

¥rs. fished in Fla. 11.6 5.0
Mean }

Household income $18,950 $24,470

Source: Bell, et. al. 1982.
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Table 4. --Estimated Percentage of Time Spent in Various Fishing
Modes by Resident and Tourist Saltwater Recreational Fishermen by
the Northeast Florida State Planning Region, 1980-81.

Fisahing Mode Resident Tourist
Pier, Jetty Bridge 25.0% 40.1%
Surf and Shore 24.1% 30.2¢%
Charter Boat 2.0% less than 1.0%
Party Boat 1.0% 3.9%
Private 47.9% 25.3%
Boat Modes

Charter 4,0% 1.6%

Party 2.0% 13.2%

Private 94, 0% 85.2%
Brackish, Rivers & Marshes 36.9% 14.8%
Bay Sound & Along Coast 24.5% 61.0%
Deep Sea (beyond 3 mi) 38.6% 24.1%
Days inside Fla. waters 80,41 92.8%

Days outside Fla. waters 19.6% 7.2%
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The Seafood Industry

As pointed out by O'Conner (1980), every school child knows
Florida was discovered by Ponce De Leon in 1513 and that the
first permanent European settlement on the penisula was at St.
Augustine. After settlement, not much happened for 250 years.
Records do show that in 1771 66,677 pounds of goods were imported
into St. Augustine and 22,335 pounds were exported. During 1781,
a total of 69 vessels entered and cleared the port of St. Augus-
tine. Ships in the trade were about 30 tons burden and about 30
feat in length.

Jacksonville was lald out as a city in 1822 and received its
charter in 1830. 1Its position on the St. Johns River assured 1its
growth and importance as a seaport. In the late 1800's deep
draft steamers began to arrive at the port of Jacksonville to
unload passengers and freight from New York, Philadelphia and
Boston. Railroads from the interior fed the port with oranges,
kegs of oyaters, honey, vension, turtles and pineapples to be
shipped North.

Shrimping

Fishing 18 often called the first industry. Northeast
Florida and Georgia lay claim to some of those firsts as pointed
out in Cato and Sweat (1980). A doctoral dissertation by Overbey
(1982) contains a colorful history of the early seafood industry
in the region. Many of the following sections are taken fronm
that dissertation. In St. Mary's reasidenta used caat netas to
procure shrimp for home consumption and for sale. One elderly
resident as quoted by Overbey (1982) recalled catching shrimp
from river banks as a boy in the 1880's and early 1890's:

"When I was a boy we used to make (cast) nets by hand.

Il made many a one by hand....Four foot nets and we'd go
at night and catch these, what they called "prawn®

then, They called the shrimp "prawn®", the big shrimps
eesshen we was casting into them they'd just go
"shooooo," you know. Juat like sand. And at night you
can see the reflection in the water. You could just

see them shrimp, big shrimp....And we'd sell them

shrimp $.10 for a quart, or three quarts for a quarter."

Commercial shrimping activity is first recorded in 1880 in
Savannah, Georgia, and Fernandina, Florida. The shrimp were
boiled and dried and then either s0ld in a local market or ship-
ped to northern markets. Earll (1887a) reports:

««e.During the helight of the season, twenty to twenty-
five men go to Saint Catherine and Osabaw Sounds, where
they camp for several weeks for the purpose of engaging
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in the fishery. They carry a complete outfit, includ-
ing seines, cast-nets, boats, and kettles for cooking
the shrimp. After cooking and drying the catch of the
day, one boat is detailed to carry it to market. The
price paid by the Savannah dealers varies from $5 to
$1.50 per bushel according to circumstances, $2.50
being a fair average. During the summer of 1879 about
1,400 bushels, valued at $2,500, were landed....Of
those taken, part are sold locally, others go to the
interior cities, and the remainder are packed in crates
and sent to the Northern markets.

In Fernandina, the shrimping was on a much smaller scale; how-
ever, the beginnings of commercial export were evident. Again,
from Earll (1887b). '

According to Capt. T.E. Fisher, shrimp and prawn are
abundant in the harbor directly opposite the city
during the entire year, and a man can readily secure 3
or 4 bushels with a small cast-net on any pleasant
night. The catch, which is not less than 450 bushels,
is boliled and dried for shipment to New York, Phila-
delphia and Savannah.

Overbey (1982) continues by quoting many sources, to des-
cribe the beginnings of commercial shrimping in Fernandina as
Wwell as St. Marys as generally attributed to Sollecitoc Salvador.
A Sicilian immigrant, Salvador used seines to catch shrimp and
probably started as a buyer who proceased the shrimp he caught aa
well as the shrimp that others caught to sell for export. One
St. Marys resident recalled Salvador's entry into St. Mary's to
buy shrimp from community fishermen, an act with catalyzed the
development of commercial shrimping in 3t. Marya:

We.....,we'd catch them shrimp and there was a fella, I
don't know if he was a Portuguese or Italian or what,
but his name was Salvador....[and another] Mitchell.
Well, they'd buy these shrimp by the bushel and they'd
boil 'em and dry them. Then they'd ship ‘'em in boxes
little boxes, all over the c¢ountry. That was the first
of these shrimp....They caught 'em by seines and casat-
nets-....They shipped them all over the country by
express. Boiled ahrimp....They'd get orders all over
the country. They'd ship them a lot....And they get
rich at it.

By 1902, Salvador had inatituted the power driven boat to
pull a haul seine in deeper watera for shrimp. In 1906, Salvador
founded his own company in Fernandina. An elderly St. Marys
resident remembers these first shrimp boats in the area:

«++»They took small boats and they didan't have butf a
five-horse engine. [They were] what they call "yawl"
boats [with] an engine in it. A fella done that and



19

made a little net and he went out there....Right off of
Cumberland, he just loaded that boat with so many
shrimp. Plenty of shrimp. Let me see if I can get
about the year that was. I imagine that was about 1906
or 1907.

This became the nucleus of the shrimping induatry as it is
recognized today. Around 1912, two brother-in-law of Salvador,
5. Versaggl and Anthony Poli, came to Fernandina from Sicily to
start their own shrimping operations. Between 1912 and 1915 the
first otter trawl was designed by Capt. Billy Corkum and first
used by S. Versaggi.

In 1922 Mr. Salvador moved his firm to St. Augustine, which
was lcoated nearer to rich shrimp beds and where transportation
facllities were more accessible than in Fernandina. Production
¢limbed rapidly until 1929, when the depression his the industry.
The low price of shrimp during the yearas which followed Furnished
little incentive to the fishermen; as a result, production in the
South dropped off by about 25 million pounds and Florida's pro-
duction dropped from 25,000,000 te 17,000,000 pounds.

By 1934, the catch was restored to its former high level and
continued to increase until 1940. Around 1949, another decline
in production was one reason for the exploration of new grounds
which resulted in the development of Key West as the chief shrimp
port of Florida. John Salvador {(the son of Sollecitc) discovered
the Key West grounds in 1950 when, while examining a daylight
trawl at about dusk, he found many more shrimp than normal in his
cateh, prompting him to put the nets back overdboard. This aecond
trawl was filled with ashrimp and *"pink gold" had been discovered.
Some 300 boats quickly came to Xey West, and the first full
season, 1950-1951, produced 15 million pounds. Before the Key
West diascoveries, Apalachicola was the main shrimpe-producing
center on the Florlda Gulf Coast.

Hamilton's {(1951) prognosis was correct. At the time of his
writing, 8St. Augustine, the oldest port in the U.S., was still
the best equipped port of Florida, but Hamilton felt St. Augus-
tine was in a position to lose its significance as the shrimping
center of the State to the rapidly developing ports of Key West
and Ft. Myers.

Fernandina, the birthplace of Florida shrimping, declined in
importance because of overfishing and pollution. Another reason
was due to its isolated location and limited transportation
facilities. Mayport had similar problems and supplied mainly the
local markets in Jacksonville.

: Developments in commercial shrimping in Fernandina spurred
advances in St. Marys. By the time the menhaden plant was built
in St. Marys, commercial shrimping was well established as shriamp



20

canneries developed to handle the market of shrimp. Campbell's
Soup Company operated a canning factory nearby and bought shrimp
from local fishermen to put in soup. One resident explained:

"Well, now, the Campbell Soup Company, they had a
canning factory on St. Simona Island. They bought
these small shrimp for soup, to put in soup. They'd
buy from here (St. Marys) and all around.”

Canneries were developed 1n St. Marys to accommadate the shrimp
catches. One of these canneries was started by the Hardee
Brothers of Fernandina. Another one was built by Brandon and
Davis. Probably the largest shrimping operation and cannery was
the St. Mary's Canning Company, owned by C.A. Taylor. In 1930,
Taylor owned 25 to 30 shrimp boats and employed 50 to 60 men on
the boats. In the cannery, Taylor employed almost 100 black and
white men and women. The business was situated on the St. Marys
Rivers at the end of town. The canning process included heading
the shrimp and peeling the hully cooking the shrimp; and canning
the shrimp.

Shrimping was initially pursued in inshore waters--in the
sounds, rivers and nearby beaches. Lengthy shrimping trips were
impractical in the small boats. Shrimp caught in the sounds and
rivers were small because they were the post-larval, Jjuvenile
shrimp developing to adult size in the protected and productive
waters of the estuary. One resident felt that the canneries
"destroyed the shrimp" because they canned only small shrimp,
thus depleting future populations.

Menhaden

The develcopment of the menhaden fishery accompanied the
development of a Savannah based fertilizer and chemical plant on
the North River in St. Marys in 1917. The plant procesaed menha-
den for cil which was used for manufacture of soap. The scrap
waa used to make fertilizer. The plant was a major development
in St. Marys economy, employing 300 people in the processing
plant on the fishing vessels. Today, the only menhadden plant in
the region is located in Fernandina. It 1s interesting to note
that the menhaden c¢rews come to 3t. Marys from Nova Scotia and
Virginia. In 1928 alone, over 30 million pounds of menhaden were
landed and processed in S5t. Marys.

The growth of commercial shrimping in Camden County probably
produced competition for labor between it and the menhaden fish-
ery. The menhaden fishery which employed mostly blacks began to
lose fishermen to commercial shrimping as they began to be hired
as captains of shrimp boats. This along with the seasonal nature
of menhaden fishing and declining catches probably resulted in
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the closing of the Southern Fertilizer and Chemiocal Plant in S5t.
Marys in 1937. As Overbey (1982) reports, one shrimper spoke of
the reasons for the decline of the menhaden fishery:

"It wasn't bringing much [moneyl. And....the pogies
were gone...It was something like farming, some seasons
would be real good and some would be bad. So there had
been a couple of bad seasons so they thought they'd
phase it out."

Ogsters

Oysters once were a very important component of Georgia
fisheries. Numerous historical sources report the early depen-
" dence of both the Indians and early colonists on the oyster
resource. It appears that oysters were intensively gathered by
Indians as far back as 4,000 years ago.

Oyster canneries were located in several locations on the
Georgia coast during the late 1800's according to Harris and
Quarteman, (1978). There are no known publications which docu-
meat the proportion of the early catch handled by the canneries
nor any records of diastribution patterns. In 1902 {t was report-
ed that thousands of bushels of Brunswick oysters were shipped to
interior markets each season and that two canneries packed and
shipped 30,000 cases of oysters annually.

Churchill (1920) writes that in 1920 oyster beds were found
along the entire coastline of Georgia, especlally the St.
Catherine, Sapelo, DoBoy, Altamaha, St. Simons, St. Andrews, and
Cumberland Sounds. there were 18 canneries in the state. Four
were at Savannah and the rest were scattered along the coat.
there were five wholesale dealers in raw oysters, besides several
retallers at Savannah, Brunswick, and other points. There were a
few oysters canned at Fernandina.

The oyster industry has gradually declined in Georgia since
the early 1900's. Harris and Quarterman (1978) note the producw
tion data are suspect in the early 1900's, but indicate a sub-
stantial decline from 330,000 pounds in 1936 to a low of 38,000
pounds in 1978. Landings were reported as high as eight million
pounds in 1908. The last cannery closed in 1960.

Harris and Quarteman (1978) also suggest disease may have
besn at least part of the cause for the decline in the fishery.
However, reports by Ingersall, (1881), Oemler, (1984), East
Georgia Planning Council, (1937) and Harris and Quarteman, (1978)
for the past 80 years have been warning of overfishing and a lack
of cultivation. The 1937 report dy the East Georgia Planning
Council specifically recommended a return of shells by oyster
shuckers to natural beds, planting of mseed or adult oysters on
natural beds and establishment of beds and oyster culture.
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Since oysters are primarily sold locally, there is a limited
demand which has been concluded to limit production such that all
beds are not harvested each year. Furthermore, conscientious
replanting by shuckers has not bheen pursued for the most part
aceording to Carley and Frisbie, (1968).

The tentative conclusion with respect to a lack of market
demand causing a decline in oyster production and marketings may
be applicable in the short run. However, longer run considera-
tions suggest other posasibilitiesa. Historical accounts of over-
fishing may suggest the Georgia oyster resocurce was fished down
to such low levels that a significant quantity is not avallable
on whieh to develop extended marketsa. Oyster markets are strong
in the surrounding states.

Wholesale Trade

Fiedler (1928) reported on wholesale trade in fishery
products in Jacksonville, which was a major fisheries trade
canter. It was noted that Jacksonville's waters supported no
extensive commercilal fisherlies and the wholesale fish dealers
were considered essentially as assemblers and distributors,
rather than producers. Characteristics of the induatry during
1928 were:

1. The fisheries of 11 states and 1 Canadian province supply
Jacksonville with fresh and frozen fishery products.

2. During 1926, 502,000 pounds of fish were landed at
Jacksonville; 6,965,000 pounds were received overland, of
whiech 5,724,000 pounds were reshipped, leaving 3,743,000
pounds consumed in Jackaonville.

3. Less-than-carlcad shipments from Florida producers are
assembled by wholesalers and forwarded in car-=lot shipments.

4. Wholesale dealers in Jacksonville distribute fresh and
frozen fishery producta to 25 states, the Distriet of
Columbia, and 1 Canadian province.

5. The states of New York, Georgla, Florida, Pennsylvania, and
Missourl receive 60 percent of the fish distribbuted from
Jacksonville.

6. Mullet, Spanish mackerel, sea trout, fresh-water bream, and
shrimp constitute about 60 percent of the fish distributed
from Jacksonville.

7. Wholesale stores are located on the waterfrent, on railrocad
spur tracks, and near local consumer trade.

8. Cold-storage facilities are available for freezing and
storing about 1,800,000 pounds of fish. This can be
expanded.
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9. Ten varieties of fish constitute 75 percent of the retail
trade. .

10, Fish retailers show apathy toward making window displays of
fishery products.

11, Of the 24 retail stores handling fishery products every day
in the week, 12 catered to the black population, ¥ to the
white population, and 8 to trade of both races.

12. Sales in retaill stores show that 68 percent of the week's
trading is done on Friday and Saturday.

13. Only a small number of grocery and meat stores handle
fishery products.

14. Hawkers operate in the city streets from motor trucks and
horse or hand drawn vehicles.

15, Barrels predominate as shipping contalnersa.

16, Per capita consumption of fish in the round is 25 pounds and
of the edible portion about 18 pounds.

Only five percent of the fishery producta handled by this
local industry were produced in the immediate vicinity and over
60 percent of the products received were sent outside the city.
Jacksonville's fishery trade was considered in 1ts infancy
because at that time no other city in Florida was as favorably
situated regarding production centers, tranaportation and
warehouse facilities. The studles results are interesting.

current Trends

Shellfish constitute the primary source of value for
commercial fisheries in both Georgla and Florida. For the three
year period of 1980-82, average dockside values in Georgia were
almost 97 percent shellfish in Georgia and 71 percent shellfish
in Florida (Table 5). Average value of all landings was $18.9
million in Georgla and $13.7 million in Florida for a combined
total of $32.6 million in the region.

In the region only one landing area ranks in the top 60
ports in the 0.3. The Darien-~Bellville, Georgia area ranked 55th
in pounds landed and 39th in value of landings in 1983. For the
three year period 1960-62, average landings in Georgia and north-
east Florida declined from 69.6 million pounds to U46.7 million
pounds (Table 6). Most of this decline was menhaden aince re-
moval of menhaden from the statistics leaves a decline of from
39.4 million pounds to 31.6 million pounds. These same data for
important species in the region are shown in Table 6. Commercial
fish and shellfish products are also harvested from the St. Johns
River in Florida. Average landings from this area for 1980-83
were 5.4 million pounds valued at $2.0 million (Table 7).
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The general trends in landings of individual species and
groups of species are given in Table 8 and Figures 3 through 25.
It should be noted that some of the trends could have been
influenced by regulatory changes (shad, for example). These
trendas are shown without cause/effect analysis, but rather to
{llustrate landed commercial catches over the last decade.

Summarx

As the population of the region continues to lancrease, the
demand for goods, services and leisure time activities will
increase., This will clearly impact the coastal habitat. Unfor-
tunately, the limited supply of waterfront areas and our coastal
habitat will face the many development demands. c¢ompetiticon
among water dependent users--ranging from fishing to marinas to
urban development--necessitates the formation of policies for
managing growth and demand. All sectors must be afforded a fair
and equitable chance to utilize our coastal recources--as long as
the public interest and the future maintenance of our resources
are neot compromised.

The demands on our coastal habitats can be grouped into
financial and environmental concerna, Pressure for development
of cocastal areas 1as great. Foremoast in everyone's mind is the
preservation of certain areasa of high environmental integrity.
Beyond that, the competition for the remaining fixed amount of
habitat becomes one of financial competition. Those holding
control over those resources desire to maximize the econonic
return from using them. Many times this is not in the beat
intereatf of minimizing the impact on the resources.

As the region began its early development, draining lowlands
and dredging and filling the cocastlands was done to build good
water access and an economic base. Today, this trend has been
reversed hopefully, and environmental laws have been enacted
which regulate coastal development, Policies exist which should
grant preemptive uses fairly and equitably, consaider riparian
rights of upland owners, preserve certain estuarine areas, mini-
mize water degradation and hopefully, recognize that each body of
water is different in natural quality and permit uses based on
these qualities. Together, we can manage our coastal habitat for
future enjoyment and use of all the citizens of coastal Georgia
and Northeast Florida.
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Table 7, -- Average Catch Statistics and Values for the

St. Johns River, 1980-83.

Species Thousand Thousand
Pounds Dollars
American Shad 62.5 27.1
Blue crab 2,877.5 744,
Catfish 2,281.5 1,088.6
Eels 113.1 116.5
Gizzard Shad 97.5 7.6
Tilapia . : 3.1 1.1
Turtle (dressed) 2.2 2.6
Total 5,437 .4 1,988.4
Shiners (dozen) 1,702.5 11.6
Grand Total - 2,000.0

Source: Florida Game and Fresh Water Fish Commission,
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Table 8. -- General Trends in Landings of Fish and Shelifish for

Northeast Florida and Georgia

the Periods of 1960-63 and 1980-83.

Northeast

Category Georgia Florida Total
Black Mullet - Stable Stable
Flounders - Increase Increase
Groupers and Scamp Stable Increase Increase
King Mackerel - Increase Increase
King Whiting Increase Decrease Stable
Menhaden _ - Decrease Degrease
Red Drum ! . Increase Increase
Shad Decrease Decrease Decrease
Spotted Sea Trout Stable Increase [ncrease

Total Finfish Stable Decrease Decrease

Total Finfish {without - Decrease Decrease

menhaden)

Blue Crabs Decrease Decrease Decrease
Rock Shrimp Increase Increase Increase
Shrimp Decrease Decrease Decrease

Total Shelifish Decrease Decrease Decrease
Grand Total Decrease Decrease Decrease
Grand Total (without - Decrease Decrease

menhaden)
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Coastal Habitats and Fisheries of Northeast Florida -
Issues and Impacts.

M. J. Durako, M. D, Murphy, and K. D. Haddad

Since the 1950's, Florida's population has soared, with up
to 7,000 people establishing residence in the State each week.
Recent projections by the U.S. Census Bureau indicate that, if
present trends continue, Florida will be the third most populous
state by the year 1995. Northeast Florida's population has in-
creased 21% over the last decade with a 103% increase in unin-
corporated areas compared to only a 19% increase in towns.
Although the rate of population growth in this region is about
half the statewide average, the low density development pattern
results in significant changes in land use to accomodate the
additional growth., Seventy-five percent of the population re-
sides in coastal areas. Major northeast Florida urban centers
are adjacent to bodies of water which are important breeding and
nursery areas for finfish and shellfish, which support the
region's fishing industries. Loss or alteration of wetland habi-
tats and degradation of water quality, due to impacts related to
population growth and development activities, are probably the-
most important growth issues affecting coastal fisheries
resources in the northeast Florida region.

The following discussion represents a summary of a more
comprehensive review on the physical and biological characteris-
tics of coastal northeast Florida and how growth impacts are
directly and/cor indirectly affecting coastal habitats and fish-
eries resources. For a more detailed treatment of the points
presented, the reader is referred to a soon to be published
Florida Marine Research Publications (Florida Department of
Natural Resources, Bureau of Marine Research, 100 Eighth Avenue
S.E., St. Petersburg, FL 33701).

Northeast Florida lies in the southern part of the Atlantic
coastal plain. The coastal region occupies a physiographic divi-
sion known as the coastal lowlands, which are nearly level plains
that are poorly drained. Barrier islands, coastal lagoons and
estuaries, and a series of coastal ridges with intervening
valleys are the characteristic land forms. These features paral-
lel the coast, reflecting the influence of marine forces. The
presence of relatively large quantities of clay, coupled with low
to moderate wave energies, is thought to account for the salt
marsh dominated Sea Islands of extreme northeast Florida. South
of the mouth of the St. Johns River, barrier island/lagoon com-
plexes predominate, reflecting the decrease in percentages of
clay and silt, the increase in wave energies, and the presence of

Florida Department of Natural Resources, Bureau of Marine
Research, 100 Eighth Avenue, S.E., St. Petersburg, FL 33701
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a coquina rock ridge known as the Anastasia Formation which forms
the backbone of the Atlantic Ridge.

Surface fresh water resources in northeast Florida are
supplied by three drainage basins. These drainage basins act as
a link between the coastal zone and the interior; therefore,
careleas management and use of upland resources can affect
coastal rescurces. The St. Mary's-Nassau River Basin and the 3t.
Johna River Basin originate in inland areas, while the East Coast
Basin primarily drains land directly along the coast. With the
exception of the Tolomatoe River and Moultrie Creek, the "rivers"
of the Eaat Coaat Basin are really c¢castal lagoons. These are
connected via artificial channels to establish continuity of the
Intracoastal Waterway. Coastal drainage and lagoons are connect-
ed to the ocean by inlets, which occur at 30-40 mile intervals in
the northeast Florida region as compared to about every 10 miles
in Georgia. The infrequency of inlets reflects basic physio=-
graphic and hydrologic differences between the two states and
thias has important management implications.

Most of the estuaries along the northeast Florida ccasgt are
characterized as being well-mixed since tidal flow exerts, on the
average, a greater force than does fresh water inflow. This
generally results in homogenous vertical profiles of salinity,
dissolved oxygen, and temperature. The 3St. Johns River is con-
sistenty tidal 170 km upstream from the mouth. Numerous salt
springas that drain into the river result in locally elevated
salinities and appear to be partly responsible for the presence
of a number of oceanic fish (25 known species) in the upper
ragion bounded by Ocala National Forest. The 8t. Johns River 1is
alse unusual in that it discharges directly into the Atlantie
Ocean rather than into an embayment typical of most estuaries.

Although the ccastal lagoona of northeast Florida receive
fresh water mainly from surface runcffs, they exhibit estuarine
characteristics. The Tolomato River system is characterized by a
series of small lagocons and wetland areas that are adjacent to
the man-made Intracoastal Waterway. Physical modifications re-
sulting from Waterway improvements and a dam which seals off a
portion of the Guano River has altered the flushing characteris-
tics of this system. The Matanzas River system is similar to the
Tolomato system, except that it lacks extensive man-made modifi-
cations and has less flushing. Freshwater inflow to the Matanzaa
River from several c¢reeks, the San Sebastian River, and a number
of artesian springs creates salinity conditions favorable to
numerous marine and estuarine species. The Halifax River, which
is intersected by the Tomoka River north of Ormond Beach, is
highly urbanized, resulting in poor tc moderate water quality.
Mosquito Lagoon is unusual in that fresh water inflow and evapor-
ation are approximately balanced, resulting in relatively high
salinities. This coupled with its restricted circulation results
in portions of the lagoon being hypersaline for much of the year.
Species such as red drum (Sciaenops ocellatus) that normally
migrate offshore to spawn remain within this "miniature ocean" to
complete their life cycles.
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Coastal northeast Florida possesses a diverse array of habi-
tats, ranging from salt marsh dominated Sea Islands of the north
to mangrove and seagrass habitats of the more southern coastal
lagoona. Estuaries north of Port Orange generally are dominated
by salt marsh vegetation while those to the south are character-
ized by mangroves. Thus, the Port Orange/Ponce Inlet area forms
an important vegetational tranaition zone, although most of the
mangroves in this area were killed in the 1983 and 1984 freezes.
These habitats fringe estuaries which form vital ecological links
between inland fresh water habitats and the ocean. Coastal
wetlands and estuaries are economically important as well; at
least 72% of the 89 commercially landed species of finfish and
shellfish and T4% of the 84 recreational species depend on them
at some stage of their life cycle.

Salt marshes in northeast Florida tend to be dominated by
smooth cordgras (Spartina alterniflora) with black needle rush
(Juncus roemerianus) being found at slightly higher elevations,
often behind Spartina. Zonation patterns are typical of South
Atlantic salt marshes, but somewhat distinct from those of
Florida's Gulf ccast marshes where Juncus is dominant. The
importance of salt marshes to the production of fisheries re-
sources results, to a great extent, from their high rate of
primary productivity which sets an upper limit to the flow of
energy through the marsh-estuarine food web. Ninety or more
percent of the net primary production of a salt marsh may form
detritus, the export of which, known as outwelling, has long been
considered to be the most important contribution of the marsh to
estuarine and coastal productivity. Salt marshes also provide a
favorable environment for early 1ife atages of many species and
this nursery function has been proposed as an alternative to
cutwelling as the most important function of salt marshes.

Mangroves, which are relatively intolerant of freezing tem-
peratures, foram the tropical and sub-tropical equivalent of salt
marshes. Black mangroves (Avicennia germinans) occur as far
north as St. Augustine. Red mangroves (Rhizophora mangle) occur
as far north as Ponce de Leon Inlet, while white mangroves
(Laguncularia racemosa) only extend as far north as Brevard
County. In northeast Florida the incursions of freezing tempera-
tures rather than elevation or salinity seem to control mangrove
zonation. This results in the dominance of black mangroves
intertidally with the succulents glasswort (Salicornia spp.) and
saltwort (Batis maritima) ocecurring above mean high water. These
communities are characterized as high marshes and they receive
less tidal and fresh water flow energy subsidies than low
marshes. Low marsh and high marsh icthyofaunas are distinet, the
former being numerically dominated by juvenile sciaenids, killi-
fishes (Fundulus spp.) mullets (Mugil spp.). menhaden (Brevoortia
spp.) and anchovies (Anchoa spp.), with juvenile ladyfish (Elops
saurus), drum (Pogonias ¢romis), spot (Leiostomus xanthurus),
tarpon (!ggalogs atlanticus), and snook {(Centropomus undecimalis)
being associated with the latter. Twenty fish species, eight of
sport and commercial value, have been recorded from the upper
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marsh. The fishery value of many of these areasa haa been dimin-
ished by the extensive mosquitoe ¢ontrol impoundment isclation
which has taken place in the last twenty years.

Three important non-macrophyte dominated coastal habtitats--
nud flats, oyster reefs, and exposed beach surf zones--are fairly
extensive in northeast Florida. Mud flats have been assumed to
be relatively unimportant as a consequence of their lack of
macrophytes. However, the microalgae that are present can be
directly utilized by herbivores and these flats are a major site
of conversion of plant detritus into invertebrates which ulti-
mately serve as prey for larger species., Oysters (Crassostrea
virginica) are the most abundant epifaunal invertebrates in
northeast Florida. 0Oysters form reefs which are important in
providing hard substrate in an otherwie soft sediment environ-
ment. Their filter feeding behavior and sedentary nature make
them particularly susceptible to a variety of man-induced and
natural system 3tresses, particularly those resulting in degraded
water quality. The seemingly harsh and unstable environment of
the surf zone is an important hadbitat for Florida pompanco
(Trachinotus carclinus), whiting (Menticirrhus littoralis),
scaled sardines ?Harengula jaguanaj, and striped anchovy (Anchoa
hepsetus). Surf zones may be the most sensitive regions of the
coastal environment, but their dynamic nature makes detection of
man-made perturbations difficult. They are the first coastal
anvironment affected by offshore pollution sources, such as oll
apills, as well as being impacted by the bulkheading of coastal
beaches, which alters sand movement patterns and usually results
in more acute erosional problems. Although only 10-15% of the
total land area in northeast Florida is developed, over 50% of
the ocean-fronting shoreline is developed and less than 20% of
the shoreline 13 held in public ownership.

Baseline and post-operational studies of power plant sites,
environmental impact studies, and 208 Federal Water Pollution
Control studies have contributed most to the recent understanding
of the fish communities of northeast Florida. Early work was
primarily conducted in the St. johans River, including its estua-
rine portions. These studies determined that the ccoastal fish
fauna of this region can be characterized as being temperate with
species of tropical Caribbean affinities occurring during warm
periods of the year. Over half of the fish specles known to
ocour in the 3t. Johns River are euryhaline or marine.

Sciaenids are the most commercially and recreationally
important finfish family in the region. Croakers (ﬂicrogogon
undulatus), whiting, drum and trout (Cynoscion nebulosus), like
most other sciaenids, require estuaries or shallow coastal waters
for spawning or development. Anchovies and herrings are impor-
tant as prey for many larger commercilally and recreationally
important species. Menhaden are an important forage fish, and
the target speciles for the largest fishery by landings weight in
the U.8. In northeast Florida, mullet dominate the catch by
weight. Mullet spawn offshore, but when the young reach about
2.5 em in length they seek out estuarine habitats. They remain
in estuarine and coastal waters, except during their fall
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spawning migration. The bothids, or left-eyed flounders, are
important commercially and recreationally. Adults migrate off-
shore during fall and winter £to spawn; Jjuveniles inhabit shallow
sand and mud bottoms and grass flats in estuaries. American shad
(Alosa sapidissima) are the most important anadromous fish in
this region. Shad spawn in rivers such as the St. Johns River in
late winter and early spring. Bluefish (Pomatomus saltatrix)
represent a coastal pelagic species whose young utilize the
eatuary as a feeding ground. Large schools of young bluefish
frequently feed on small fish in the lower reaches of the
estuary.

Important shellfish resources of northeast Florida consist
of three species of penaeid shrimp, blue crabs Callinectes
sapidus), oysters and clams (Mercenaria mercenaria). Brown and
white shrimp (Penaeus aztecus and P. setiferus) are economically
very lmportant to both northeast Florida and Georgia. Both share
a common dependence on the estuary as juveniles; brown shrimp
prefer higher salinities than white shrimp as adults. Pink
shrimp (Penaeus duorarum) form only a small part of the commer-
cial cateh in northeast Florida, but are a major constituent of
the live bait fishery from Ponce Inlet south. Blue crabs are the
target species of a large commercial and recreational fishery.
Blue crabs mate in brackish -waters, the females then migrate
offshore to spawn. After passing through several zoeal stages,
megalops ride tidal currents back into the estuary. Along the
northeast coast of Florida, female bBlue crabs exhibit predomia
nantly an offshore/onshore migration pattern that tends to keep
crabs from adjacent systems from mixing. Oysters are common
along salt marsh creeks, where they form large mounds or bars.
They require a free exchange of water and salinities between 5=30
ppt. Hard clams, or quahogs, like oysters, are filter feeders
and also require good water circulation, but clams are reatricted
to ares of sand, sand-mud, or shell«rubble substrates and require
salinities from 20-38 ppt. Highly successful sets in the past
few years have resulted in a virtual explosion of the clam popu-
lation in the Indian River area. This bonanza crop is presently
subject to heavy exploitation, creating a number of velatile
issues and raising important management queations in this region.

A review of landings data for the region shows highest
productivity in Brevard and Volusia counties. Although there 1is
no information on the number of fishermen or the effort expended
in each county, the landings data may be interpreted as a measure
of abundance of fish in each county. Greater landings occur in
counties with the largest expanses of estuary, reflecting the
high productivity of the estuarine environments in those coun-
ties. Brevard and Volusia counties include the Mosquito Lagoon/
Upper Indian River complex. Duval County, which also contributes
a major portion of northeast Florida landings, includes the St.
Johns River estuary. In contrast, St. Johns and Flagler counties
have less estuarine acreage and probably less potential for fish
production.

Thematic Mapper (TM) data for an Qctober 1984 pass of the
LANDSTAT satellite, analyzed using Florida Department of Natural
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Resources, Marine Resources Geobased Information System (MRGIS).
indicated that northeast Florida has 37,451 hectares wetlands, or
about 10% of the state's total. Salt marshes comprise 92% of the
region's total. Three locations were analyzed In a historical
assessment of fisheries habitat alteration from the 13U40's and
1950's to the present. The Ponce de Leon Inlet area haa had an
overall 20% decline in wetlands since 1943. Marsh/mangrove habi-
tats have declined 19% while 100% (30 ha) of the seagrasses in
this area were lost. The St. Augustine Inlet segment analysis
indicated a 20% loss of marsh since 1952. Most of this loss was
associated with the damming of Guano Lake. St. Johns Inlet to 16
km up the St. Johns River has experienced a 36% loss of marsh
habitat since 1943, primarily due to dredge and fill activities.
Higheat rates of habitat loss have occurred around inlets which,
coincidently, are the first "habitats®" encountered as juveniles
and adults of various fisheries species enter the estuary.

Some specific perturbations resulting in coastal habitat
losses include: oceanfront development, dredge and fill, channel
dredging and maintenence, causeway construction; bulkheading and
mosquito impoundments. OQceanfront developnment results in in-
creased stormwater runoff and may exacerbate beach erosion (as
evidenced by the severe erosion that occurred along the northeast
Florida coast during the fall of 1984). With less than 20% of
the shoreline in public ownership, relatively rapld development
of beachfront property may be expected to ¢ontinue. The most
acute impact in estuarine areas is the direct removal or burial
of parts or all of a habitat. This 1lmpact is associated with
channel dredging and maintenance, dredge and fill operations,
causeway construction, and shell mining. Channelization repre-
sents the most widespread form of estuarine alteration in north-
east Florida. Causeway construction ia also frequently cited as
a major disruptive impact in this region. Causeways have two
major impacts, the direcet burial of habitat and the modification
of water circulation. Whereas causeway construction frequently
follows population growth, bulkheading and backfilling represent
the first steps in a chain of events which lead to habitat
losases. Bulkheads promote eroslion of the foreshore and eliminate
the transition zones between intertidal and subtidal habitats.
The deep zone in front of bulkheads has an adverse effect on
fish. Mosquito 1mpoundments, whic¢h are more prevalent in Volusia
and Brevard Counties, reduce avallability of wetland habltats to
marine organisms and cause losses and/or changes in vegetation.
Almost 16,000 ha of coastal wetlands have been impounded in this
region.

In addition to habitat destruction, population growth can
also result in system stresses which negatively affect the quali-
ty of remaining coastal habitat. Foremost among these impacts is
a decline in water quality due to increasing point and non-point
pellution sources. Municipal discharges and package sewage
treatment plants represent the most significant point pollution
sources. 3Sewage chlorine and turbidity are major causative fac-
tors in reducing species diversity of fish communities 1in areas
adjacent to outfalls; increased fecal coliform levels result in
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closure of many shellfish harvesting areas. OQOther major point
pollution sources in northeast Florida include: dairy and sea-
food processing plants and pulp mills. These sources release
high BOD (biological oxygen demand) effluents which have been
shown to reduce numbers of individuals and aspecies of estuarine
and marsh fish assemblages. Power plants are major contributors
to thermal pollution; they can alsc entrain and impinge juvenile
and adult finfish and shellfiszh. Jacksonville Electric Authority
has studied fish return systems (FRS) which minimize impingement
and/or entrainment impacts.

The major form of non-point socurce pollution in northeast
Florida is urban runoff. This problem has grown to such a great
extent nationwide that the U.S. Environmental Protection Agency
has established the National Urban Runoff Program (NURP) for the
purpose of developing technologies to control water pollution
from urban runoff. Runoff from city streets, ship yards, and
marinas contains oil, grease, and heavy metals. Another signifi-
cant non-point source pollution category, which is a special
problem in northeast Florida due to the low denaity development
patterns in this region, is the overflow or leaking of septic
tanks. Thia material is transported during rainfall events and
results in high turbidity and fecal coliform levels and low
dissolved oxygen concentrations in receiving water bodies.

In conclusion, scome primary needs to be considered in terms
of major growth issues affecting the coastal northeast Florida
region, are the prevention of continued environmmental degrada-
tien through countless seemingly unrelated amall impacts and an
inerease in acientific and public awareness of the complex re-
quirements and dynamics of important fisheries species. The
region haa currently lost a lower percentage of its wetlands
compared to most other areas of the state, although some areas
have suffered acute losses. However, environmental degradation
is continuing due to a phenomenon known as the "tyranny of small
decisions.” This is a series of small independent decisions
(and/or impacts) made by individuals or small groups, resulting
inablg decision being made in reaction to the accreted effects
of the small decisions. As a result, the important central
question (e.g., habitat preservation/fisheries management) is
never addressed at the higher decision levels. It is hoped that
through efforts such as this symposium publication, decision-
making in the northeast Florida regicn can begin to take a large-
scale or holistic perspective and thereby avoid the problems of
cumulative effects in the future. '
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OFFSHORE FISHERIES AND RELATED HABITATS

Donald R. Ekberg! and Gene R. Huntsman?

In this discussion we shall first describe the envirconment
and principal habtitat types of the outer continental shelf of
northeastern Florida and Georgia, secondly describe the principal
groups of communities of open ocean fishes, then briefly relate
the different groups of fishes to continental shelf habitats and,
where pertinent, to nearshore wetlands, and finally describe the
role of environment in moulding fish behavior.

I. ENVIRONMENT AND HABITATS

We will subdivide the description of the environment into
two partsa. First we will discuss, in general, the hydrology of
the outer continental shelf. Second we will describe benthic
habitats.

The o¢oceanography of the region's outer continental shelf is
both complex and variable, and its preclse state at any particu-
lar time 1= presently unpredictable. For convenilence we propose
that three principal water masses cccupy the continental shelf
(Table I). The average position of those masses largely deter-
mine what fishes will occur at any given site. The interaction
of these masses at their boundaries result in important oceano-
graphic phenomena which ultimately affect fishery production.

The nearshore mass occurs from the shoreline to approximate-
ly the. 25m isobath. This mass i3 greatly affected by continental
weather and exhiblts marked seasonal variation in properties,
eapecially temperature. Further, drainage from rivers can dras-
tically alter the salinity, clarity and nutrient content of the
water and consequently its short term productivity. This varia-
tion is especially prevalent from Savannah to Jacksonville where
major rivers discharge.

The outermost water mass is the Gulf Stream. While the
Stream 1s highly variable in position, it has extremely constant
properties. The Gulf Stream commonly exhibits meanders that
migrate northeastward along the outer boundary of the continental
shelf and the main axis of the stream may consequently lie

1 National Marine Fisheries Service, NOAA, Southeast Regional
Office, St. Petersburg, Florida 33702.

2 National Marine Fisheries Service, NOAA, Southeast Fisheries
Center, Beaufort Laboratory, Beaufort, North Carolina 28510,
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TABLE 1
SIMPLIFIED OCEANOGRAPHY
OF GEQORGIA - NORTHEAST FLORIDA SHELF
WATER MASS LOCATION PROPERTIES
NEARSHORE NEARLY CONSTANT HIGHLY VARIABLE,
SHORELINE -25M SEASONALLY COLD,
: VARIABLE SALINITY,
CLARITY.
MIDSHELF 25-M ISOBATH MODERATED SEASONAL
TO GULF STREAM VARIABILITY.
BASICALLY WARM, CLEAR
GREEN LATITUDINAL
EFFECTS AS IMPORTANT
AS SEASONAL ONES.
GULF STREAM HIGHLY VARIABLE, VERY CONSTANT,

MEANDERS UNIFORMLY WARM, CLEAR,
HIGHLY SALINE, LOW
NUTRIENTS AND PLANKTON
POPULATION. .

SPECIAL EVENTS:

UPWELLING - COMMON, ASSOCIATED WITH GULF STREAM MEANDERS.
LONG AND SHORT TERM FISHERY EFFECTS.

COLD CORE RINGS - UNCOMMON, SHORT TERM UNIMPORTANT
FISHERY EFFECTS.
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anywhere from 30 to 70 Km offshore. Regardless of position the
Gulf Stream is characterized by water that is c¢lear, warm, highly
saline and generally low in nutrients (Mathews and Pushuk, 15877).
Between the nearshore waters and the Gulf Stream lies the large
nid-shelf water mass which generally occupiles the zone from the
30m to the 200m 1sobath. The mass is neither as constant as the
Gulf Stream nor as variable as the nearshore mass. The water ia
generally warm (16-27°C), and while seasonal changes in tempera-
ture occur, they are buffered by the immense volume of water and
are not large. In general, the temperature of the mass reflects
latitude as much as season and the bicta of the middle mass
becomes increasingly tropical from Savannah to Cape Canaveral.
Salinity varies little. The water is moderately nutrient rich,
usually green to blue green, with nutrients derived from conti-
nental and oceanic sources.

The interaction of the midshelf mass and the Gulf Stream
produces one of the most striking and important oceanographic
features of the region. Where the Gulf Stream meanders offshore,
that is when it loops to the eastward, cold bottom water from
beyond the continental shelf is forced up and onto the shelf
(Atkinson and Targett, 1983). This upwelling is a major source
of nutrients, especially nitrogen, for the midshelf watermass and
in the long run contributes to fisheries production. The short
run effects of upwelling on fisheries are very poorly understood.
It appears that upwelling modifies the distribution of pelagic
prey and sportfishes and that the i1lncursion of cold water over
reef areas temporarily disrupts fishing success for reef fishes.
Upwelling occurs all along the U.S. Scuth Atlantic cocast but
seems to be particularly prevalent off St. Augustine and Daytona
(Atkinson and Targett, 1983). A less common, but very interesta-
ing interacticn of the midshelf water mass and Gulf Stream occurs
when a westerly meander of the Gulf Stream closes, or plnches
off, in its eastern aide, and forms a ¢circulating loop of warm
Gulf Stream water enclosing a core of cooler shelf water. These
cold c¢ore ringas are known to track westerly across the continen-
tal shelf, sometimes to the shoreline, c¢arrying the distinctive
Gulf Stream fauna and flora including sargasso weed, Portugese
men-of-war and dolphin Coryphaena hippurus. The rings, unlike
upwelling, are relatively uncommon and their contribution to the
properties of the midahelfl water mass are unimportant. Most
rings dissipate on the midshelf while a few rejoin the Gulf
Strean.

In summary, most of the Georgia-northeast Florida shelf is
overlajid by water that is, on the average, warm the year arocund.
However, the conditions prevailling at any particular place and
time are extremely unpredictable because of the complex and
dynamic interactions of the three water masses.

There are two principal types of the benthie habitats on the
outer Continental Shelf, unconsolidated sediments and reef areas
{Table II).
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TABLE ITI
BENTHIC COMMUNITIES
OF THE GEORGIA - NORTHEASTERN FLORIDA SHELF
SANDY PLAIN - APPROXIMATELY 70% OF SHELF
REEFS - 30% OF SHELF

MAJOR REEF TYPES

SPONGE~CORAL SITES LOW RELIEF
MOSTLY BETWEEN 25 AND 75 M
ISOBATHS.
DENSE SESSILE MACROBENTHOS

ROCK RIDGES MIDSHELF-OUTCROPPINGS
1-3 METERS OF RELIEF.

SHELF-EDGE BETWEEN 75 M and 150 M
ISOBATHS.
STEEP CLIFFS AND LEDGES.

OCULINA THICKETS OCCUR MOSTLY SOUTH OF
CAPE CANAVERAL.
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Loose sediments, sand or occasionally mud, occupy most
( 70%) of the shelf area (Parker et al., 1983). Reefs which
occupy approximately 30% of the outer shelf in this zone oceur in
several types. Approximately 22% of the shelf is occupied by low
relief (<1m) rock outcroppings and flat shelving rock which are
overgrown macrobenthes. About 7% of the shelf area is high
relief (>1m) rock ridges and ledges overgrown with macrobenthos
(Parker et al., 1983), At and slightly beyond the shelf edge
(approximately between the 100 and 1000m isobaths) rock outcrope
pings of high relief are common. Sesasile macrobenthos are present
at these depths but in general are less richly developed than in
shallower areas (Parker and Ross. in press).

Inmediately to the south of the area of immediate interest
to this discussion (between 27°N and 28°30'N) lie large, unique
thickets of the coral Qculina varicosa at depths of 75 to 100m
(Reed, 1980). 0 varicosa occurs as far north as Cape Hatteras,
North Carolina, although usually only as single or scattered
colonies, but some thickets may occur slightly north of Cape
Canaveral.

II. OCEANIC FISHES

Fishes of the Georgla-northeast Florida shelf can be reasons
ably well assigned to five groupas {(Table III).

1. Nearshore and estuarine benthic apecies.
2. Open shelf sandy-plain dwellers.

3. Reef fishes.

4., Coaatal pelagics.

5. Open-ocean pelagics.

We shall principally discuas the last three groups (Table
IV). The nearshoreé species, primarily scilaenids and flatfishes,
are excluded from our assignment, and the sandy plain dwellers,
moatly triglids and synodontids rarely occur in sufficient con-
centrations to be of interest to man for food or sport {(Wenner,
1983).

Oceanic pelagices include the billfishes, blue marlin,
Makaira nigricans, white marlin Tetrapturus albidus, spearfishes,
Tetrapturus spp., Atlantic sailfish Istiohorus platypterus,
several tuna of the genus Thunnus, the skipjack tuna, Euthynnus
pelamis, wahoo Acanthocybium solanderi, dolphin Coryphaena
hippurus and several sharks. Coastal pelagics include such
species as king, Spanish and cero mackerels Scomberamorus

saltatrix, Atlantic bonito Sarda sarda, little tuna Euthynnus
alletteratus, and menhaden Brevoortia spp.

The reef fishes are an extremely large and complex group
including more than 300 species., Prominent to man's usage are
snappers Lutjanus and Rhomboplites, groupers Epinephelus and
Mycteroperca, porgies Pagrus and Calamus and grunts Haemulon.
Reef fish apecies can be assigned to several communities related
to depth and latitude, and ultimately to water temperature
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MAJOR FISH COMMUNITIES

oF

GEORGIA - NORTHEAST FLORIDA SHELF

COMMUNITY

NEARSHORE-ESTUARINE

SANDY PLAIN BENTHIC

COASTAL PELAGICS

REEF FISHES

OCEANIC PELAGICS

HABITATS

ESTUARIES, SURF
ZONE NEAR SHELF
TO 25M

SANDY PLAIN OF
MIDSHELF
25 - 100M

NEARSHORE TO
MIDSEELF

HARD BOTTOM AND
SPONGE-CORAL AREAS
MID AND OUTER
SHELF

GULF STREAM AND
OUTER SHELF
WATER COLUMN

MAJOR COMPONENTS

SCIAENIDS-FLATFISHES

SEA ROBINS AND
LIZARDFISHES

KING AND SPANISH
MACKEREL, LITTLE TUNA,
COBIA, BLUEFISH,
MENHADEN

SNAPPERS, GROUPERS,
PORGIES, GRUNTS
(BLACK SEA BASS AT
INNER LIMIT, TILEFISH
AT OUTER LIMIT)

BLUE AND WHITE MARLIN,
SPEARFISH, SAILFISH,
TUNA, WAHOO, DOLPHIN
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RELATIONSHIP OF

FISH COMMUNITY TO NEARSHORE AND WETLANDS

COMMUNITY

OCEAN PELAGICS

REEF FISHES

COASTAL PELAGICS

RELATIONSHIPS

WEAK - INDIRECT TRANSFER FROM
ESTUARIES OF SOME ENERGY AND
NUTRIENTS THROUGH FOOD CHAIN AND
WATER CURRENTS.  NEARSHORE DEVEL-
OPMENT WOULD HAVE LITTLE IMPACT.

MODERATELY WEAK - INDIRECT TRANSFER
FROM ESTUARIES OF SOME ENERGY AND
NUTRIENTS THROUGH FOOD CHAIN AND

" WATER CURRENTS. A FEW SPECIES MAY

USE ESTUARIES AS NURSERY AREA....
GAG, GREY SNAPPER, RED GROUPER.
NEARSHORE DEVELOPMENT MIGHT IMPACT
THESE.

STRONG - FEEDING OF BOTH ADULTS AND
JUVENILES IN ESTUARIES IS COMMON.
SOME, LIKE MENHADEN, USE ESTUARIES
AS NURSERY AREA. NEARSHORE DEVELa-
OPMENT CAN HAVE MAJOR IMPACTS.
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(Grimes et al., 1982, Chester ¢t al., 1984, Miller and Richards
1980). Headboat catches suggest an important faupal shift occurs

in northeastern Florida. South of Jacksonville black sea baas
Centropristis striata ceases to be important to catches, and at
about St. Augustine the grey anapper Lutjanus qriseus is at ita
northern limit of abundance. Red grouper are common at Daytona
and occasionally north of there, while truly tropical species like
vyellowtall snapper Ocyurus chrysurus figure prominantly in the
catch from St. Augustine scuthward.

Tilefish Lopholatiluas chamaeleonticeps are an important
resource of Georgia and northeast Florida that does not fit
precisely into any of our categories., Tilefish live in burrows
in rough rocky terrain at the outer limits of the continental
shelf (approx. 200m)}, and occur in relatively cold water (about
13C). The distribution of tilefish overlaps the seaward range of
deepwater groupers (Epinephelus nigritus, E. flavolimbatus and E.
niveatus). Tilefish have life history characteriatics like those
of many reef fish, and are inocluded with them for management
purposes (Socuth Atlantiec Fishery Management Council, 1983).

ITI. FISH-HABITAT RELATIONSHIPS

Habitat usage and dependency of both the pelagic and reef
groups are relatively easy to derfine. All life stages of oceanlc
pelagic species are found almost excluaively in the warm waters
of the Gulf Stream and outer shelf. Eggs and larvae are pelagic,
apparently drifting freely with ocean currents, and the adults
feed and spawn without requirement for asaociation with nearshore
or estuarine conditions. We can hypothesize only indirect links
between production of oceanic pelagic species and estuaries and
wetlands. There 1s little doubt that at least some energy is
transferred from the shore zone to oceanic pelagic fishes through
interconnecting food chaina. Similarly some nutrients must pass
to the outer shelf from river mouths, as off the Savannah River.
The importance gof these contributions is unknown but circumstan=-
tial evidence suggests that the short run effects may be small.
Indeed some of the mosat important fisheries for oceanic pelagic
species occur where continental contributlions to fishery produc-
tion are small but where oceanice features such as upwelllng are
important.

Production of most reef species seems siamilarly lndependent
of nearshore habitats. Again eggs and larvae of most important
sport and commercial species are pelagic and develop totally in
the open ocean. By and large, feeding and reproduction of adults
takes place on reefs without migration to the shore zone. For
the bulk of reef species it again appears that the only connec-
tion with nearshore habitats is the indirect transfer of
nutrients and energy through food chains and water circulation.
Good circumatantial evidence for the independence of reef produc=
tion 1s the existence of thriving reef communities on oceanic
banks far from land masses. On the other hand some reef produc-
tion, unlike that of oceanic pelagics, can be tied to the benthic
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production of a certaln locality. Grass flats adjacent to reefs
provide grazing for reef dwelling herbivores and carnivores in
south Florida and elsewhere in the tropics. North of Cape
Canaveral algal flats adjacent to reefs con the mid- and ocuter
shelf may function like grass flats in supporting nominal reef
production.

Finally a few reef species of the south Atlantic region may
be dependent on estuarine areas to complete their life cycle.
Prominent among these speciles 13 the gag grouper Mycteroperca
microlepis, the most abundant grouper of the region. Juvenile
gag grouper are found in estuaries during their first year of
life from Cape Hatteras southward. Researchers have yet to
collect Juvenile gag grouper in the open ocean. Thus, there is
strong circumstantial evidence that the gag grouper is estuarine
dependent. Yet collecting of young fish in the open ocean is
difficult and uncertain, and juveniles may occur there. Also
juveniles of other reef sapecies which are apparently not
estuarine dependent alsc occasionally appear in estuaries. Thus,
the appearance of juvenile gag grouper in estuaries might only
reflect the great abundance and fecundity of the speoies and not
a life history pattern. The exodus of juvenile gags from South
Atlantic estuaries at the onaset of cold weather may result in the
production of the entire new year class of this large, valuable
species or it may only result in the consignment of a group of
misplaced juveniles to wandering and death in the cold winter
water of the inner shelf. Amcong other reef speclies common in
estuaries are juvenile black sea bdbass, a temperate reef fish
important off Georgia and North Florida. The importance of these
_ Young fish is unknown. Young grey snapper are also moderately
abundant in estuaries as far north as Pamlico Sound. The
estuarine phase of the 1ife hiastory of this species may be
eritical. Finally, Jjuvenile red grouper Epinephelus morio, a
specles which in the South Atlantic is only consequential from
St. Augustine southward, are also moderately abundant in
estuaries. The significance of that abundance is again unknown.

Although nearshore development is unlikely to have an imme-
diate impact on reef fishes, these species are susceptible to
mismanagement of their habitat. Oc¢ean pollution and disruption
of reefs through petroleum development have generated some con-
cern, but these have not yet affected offahore reefs of Georgia
and northeast Florida. Current regulations may prevent negative
impacts.

The most immediate potential threat to live-bottom reefs is
posed by roller trawls. The few semi-quantitative studies of the
aeffects of roller trawla on sponge-coral habitats suggest that
trawling can seriously disrupt the macrobenthos. Many believe
that his disruption will heal slowly and that it will eventually
result in reduced fishery yields. It is clear that the QOculina
reefs could be devastated by trawling, but trawling in the known
Qeculina reef zZone 18 proscribed by the coral management plan.

The research necessary to answer questions about trawling effeats
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1s expensive, and no quantitative research on the problem is
currently funded.

We have left consideration of the ccastal pelagic specles
till last because this group, of all discussed, i1s clearly the
most dependent on nearshore habitats and thus clearly most sus-
ceptible to man's alterations of wetlands and estuaries. The
coastal pelagics are opportunistic in their feeding and make use
of a wide range of habitats. £King mackerel, for instance, will
prey on aggregations of baitfish in and at the mouths of
eatuariea, around midshelf reefs and in the Gulf Stream. Little
tuna and cobia, Rachycentron canadum, are similarly wide ranging.

Spanish mackerel and especially bluefish are even more
tightly bound to the shoreline and commonly occur and feed in
estuaries (Kendall and Walford, 1979). Although spawning and
transformation of larvae to juveniles apparently occurs in the
open ocean, all other stages from juvenile through adult are
linked closely to coastal wetland by a very short food chain.
Among the prey species in the coastal pelagic community Atlantic
menhaden and mullet (ﬁugil sp.) are the most valuable to man and
are both tightly connected to estuaries and wetlands. Menhaden
can possibly directly digeast marsh-generated detritus (Lewis and
Peters, 1985) and thus have the most direct link possible to
coastal wetlands. Water quality in estuaries and production of
coastal marshes figures largely in the maintenance of the menha-
den and mullet rescurcea. Because coastal pelagic species are so
often found near the ccast they are readily available to both
commercial and recreational fishermen and their value is immense.
Yet the same characteriatics that make these species valuable to
man make them easily vulnerable to his mismanagement of the
coastal environment.

IV. ENVIRONMENTAL REQUIREMENTS

Now that we have shown the relationshipa of communities of
fishes to their habitats, the next step could be to show the
ecological factors that drive a single fish to a particular
poertion of his habitat. 1In order to sense its environment a fish
must be sensitive to components of its envircnment. Table V
glives aocme of these sensitivities. No single fish has been
depicted here. The table has been assembled from a number of
sources. Fish are extremely sensitive to a number of environmen-
tal variables. Chemicals may be sensed up to the parts per
trillion range. This concentration level poses no survival dane-
ger to the fish nor to people who might eat the fish, but since
fish do have the capabllity to sense chemicals at extremely low
concentrations, they may also utilize this information for sura
vival in their complex environment. A fine temperature sense and
possaibly even the ablility to determine small magentic fieldsa, as
has been demonstrated in the yellowfin tuna, may be utilized for
migration. Diurnal and seasonal rhythms may be triggered by the
amount and duration of light. It appears, therefore, that a very
small peturbation of a fish's environment could attract or repel
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ENVIRONMENTAL
VARIABLE

pH
TEMPERATURE
PRESSURE
SALINITY
POLLUTANTS

NOISE

LIGHT
ELECTRIC FIELDS

MAGNETIC FIELDS
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FISH SENSORY SYSTEMS

SENSITIVITY

0.04=0.10 UNITS
0,05%C

0.5-1.0 oM Ho0
0.06%

PPTRILL. (10~12)

16-7,000 HERTZ
50DB

A FEW PHOTCNS
1mV/cM. (SHARKS & SKATES)
1-100 NANO TESLA (GAMMA)

(YELLOWFIN TUNA)

REFERENCE

BULL (1940)
BULL (1936)
DYKGRAAF (1942)
BULL (1938)
HASLER (195H4)

BULL (1957}
POPPER (1970)

LYTHGOE (1978)
SCHWASSMANN (15978)

WALKER, ET.AL. (1982)
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that fish from a given area. Since pH, salinity and oxygen
concentration probably are not major factoras in determining the
behavior of an oceanic fish, one must consider food a major
attractant for fish under normal circumstances. If such 1s the
case, a study of predator prey relationships should produce
quantitative results anawering a number of questions. Do Ffish
hunt 1in a random fashion and then zero in on their prey uaing
their sensors? What prey species are preferred? Will predators
brave hostile environments to find prey? What is the correlation
between predator and prey stocks? We can give partial answers to
some of these quesations now. Gut analysis gives us information
about species preferred (Tables VII and VIII). Oceanic predators
seldom venture into low salinity (estuaries) in search of prey.
They generally walt for their prey to exit the estuaries and
head for open sea. Can we then predict the catch of prey species
based on the size of available prey stooks?

Table VI was developed to compare the two predators, king
and Spanish mackerel, and their preys, menhaden and shrinmp.
Based on landings data from North Carolina, South Carolina,
Georgla and Florida, no such relationship 1s apparent.

Oviatt (1977) collected menhaden, bluefish and striped bass
landings data over a period of thirty years (Figure 1). Even at
very low levels of menhaden, bluefish and striped bass had sufe-
ficlent food to only only maintain their population but to
inerease 1t somewhat. Although a positive ceorrelation between
prey and predator 1z intuitively expected, present information
does not permit such a conclusion. Perhaps more detailed stock
data (temporal and spatial) are needed. Perhaps other factors
combine to limit stock sizes. Temperature and salinity data have
been used (Barnett and Gillespie, 1973, 1975; Barrett and Ralph,
1976) to predict shrimp catch, but meager data are available about
cceanic species. Fable and co-workers (1981) studies the rela~
tionship between a king mackerel catch and the average tempera-
ture of the preceding winters. This study revealed a positive
correlation between catch dnd the temperature of the preceding
winter.

Utilizing a tops down systems approach to connect primary
and secondary production, Peters and Schaaf have shown that the
fishery yield of fish from New York to Georgia requires 66% of
the primary production of that area, which includes algae, vaacu-
lar plants and submerged seagrasses, They concluded that algal
production is insufficient to aupport this yield and must be
augmented by vascular plants. Such is the case with menhaden who
are known to ingest detritus directly and thus, since they are a
major food source for coastal and ogeanlc pelagios, shorten the
link between offshore fisheries and inshore habitats.

Another approach is relating fish to habitat is to develop a
matrix of environmental requirements as shown in Tables VII and
YIiII.
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TABLE VI
ATLANTIC SPECIES
COMMERCIAL LANDINGS - IN THOUSANDS OF POUNDS
NORTE CAROLINA, SOUTH CAROLINA, GEORGIA, FLORIDA
YEAR MENHADEN SHRIMP KING MACKERAL  SPANISH MACKEREL
1983 8,285 26,615 4,132 5,989%
1982 - 10,358 25,580 6,045% 3,950
1981 15,456 16,514 5,739 4,227
1980 21,257 32,996% 3,799 5,763
1979 5,036 32,295 3,824 4,901

#79-.83 MAXIMUM
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Environmental requirements for menhaden are given in Table
VII. Even though these fish, which are the most numberous ones
in U.S. waters, have been studied extensively, there are several
gaps 1in c¢ur knowledge of envircnmental parameters. Furthermore,
most of the information that we have has been gathered by obser-
vation of these coaatal pelagies in their natural environments.
Little data are at hand derived from experimental laboratory
studies. We are beginning to understand the food and feeding
requirements of these fish but environmental variables such as
temperature, salinity, organics and metals need to be determined
experimentally.

Table VII, a simillar wmatrix for the king mackerel, demon-
strates an even greater paucity of information.

In this review we have attempted to show the relaticonship of
offshore fisheries to their varlous habitats. In particular, the
strong link between ccastal pelagics and wetland primary produc~
tion. Furthermore, we have attempted to show that a aystem
approach in which the requirements of the fish are utilized as
the starting point, complements those studles showing the depen-
dence of fish on primary production.

Assembling such information into a matrix such as that shown
in Tables ¥V and VI could be used to provide summarized informa-
tion to decisionmakers and act as a framework for condensation of
literature. We are currently inundated with "grey" as well as
"white” literature. The decisionmaker who must act in a short
period of time, such as those of us who respond to permit re-
quests, have insufficient time to analyze all of the available
data. The matrix could also serve as a focus for describing
research needs.

In view of the lack of precise or accurate experimental data
concerning the relationships of fish to their environments, it is
suggested that experimental facilities be developed to determine
these relationships. Such facilities would provide needed quan-
titative information and could be used to test research or
fishing gear pricr to starting elabecrate and expensive fleld
studies. '
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GROWTH AND MANAGEMENT OF COASTAL WETLAND
AND WETLAND ADJACENT LANDS:
FISH HABITAT QUALITY AND THE DECISION-MAKING PROCESS

James W. Stoutmaire

The State of Florida is one of the fastesat growing in the
nation with some 75% of the state's population residing on or
near the ccast. If current trends continue, and every indication
ig that they will, by the vear 2000 there will te a permanent
coastal population of some 10 million people combined with a
temporary and/or tourist population of three to four times as
many. This tremendous growth in ccoastal regions has and will
continue to put tremendous pressure on coastal resources. These
preasures directly and indirectly have had and could continue to
have tremendous impacts on ccastal and interior wetlands.

Impacts on these wetlands c¢an oc¢cur for a number of reasons
including: ’

1. Filling of coastal wetlands areas for development as
more suitable land becomes scarcer and more expensive;

2. Draining of wetlands to provide flood protectiocn or dry
land for development or agriculture;

3. Interference with the natural flocding cycle of wetlands
assoclated with flood control, water storage, or
mosquite control;

4., Dredging or filling of isolated wetlands to provide
lakes for development or more accesasible land for agri-
culture or timber; and

5. Siltation and/or pollutlon of wetlands from non-point
sources such aa stormwater runoff or fertilizers and
peaticideas.

The list of potential sources of impacts on wetlands is virtually
endleas, The activities noted above and others have, in the
past, resulted in the destruction of significant areas of wet-
lands as functioning habitat.

Recent research by the DNR Marine Laboratory in St. Peters-
burg has found that Charlotte Harbor, a relatively undisturbed
area has, between 1945 and 1982, loat 29% of its seagraas and 51%
of its salt marsh while gaining 10% in mangroves., The gain in
mangroves appears to be partially due to colonization of mud
flats and active management to discourage mangrove destruction.
In c¢ontrast, Tampa Bay, a heavily developed area, has suffered a

Department of Environmental Regulation, QOffice of Coastal

Management
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much larger decline. On the east coast from 1952 to 1984, the
Indian River suffered an 86% decline in mangrove areas due to
destruction of mangroves or their withdrawal from the system due
to mosquito impoundent dikes. Seagrasses have suffered a 36%
decline during the same period. While these losses seem to be
correlated with declining commercial and recreational fisheries,
the relationship between decreased fish stocks and habitat loss
is imperfectly understocod. This 1is due in part to poor informa-
tion on catches resulting from incomplete data collection tech-
niques and in part to a general lack of informaticn on habitat
carrylng capacity.

Florida has a number of growth and land management and
regulatory programs which deal with wetlands and adjacent lands
either directly or indirectly. These include:

1. DER permitting programs regulating water pollution and
dredge and fill activities and the Coastal Management
program;.

2. DCA growth management programs such as DRI's and ACSC's;

3. DNR land management authority for leasing and land pur-
chasing of Aquatic Preserves and coastal construction
control;

4, Various regional programs conducted by Water Management
Districts, Regional Planning Councils and Mosquito
Impound Distrilets.

The Department of Environméntal Regulation (DER) is the
state's primary regulatory agency. The DER's permitting authori.
ties with the moast direct impact on fishery habitat are contained
in Chapters 253 and 403, F.S. These statutues deal, respective=
ly, with dredge and fill and water pollution. Until the recent
enactment of the Warren S. Henderson Wetlands Protection Act of
1984, regulatory programs governed by these two statutea were
poorly coordinated due to conflicting boundaries of Jjurisdiction
and regulatory authority based on the distinction between sover-
eignty submerged lands, also called navigable waters, and waters
of the state. Navigable waters were those available for commerce
in their natural condition at the time Florida entered the union
while waters of the state encompassed all other water bodies
subject to certain exclusions such as areas owned entirely by one
person and "lakes" which lack standing water and are dry each
year, These distinctions led to numerous disputes over jurisdic-
tion and limitations on regulatory authority since the two chap-
ters provide differing performance standards. The Wetlands
Protection Act dropped the distinction between navigable waters
and waters of the atate for the purposes of Chapters 253 and 403
and substituted waters of the atate as defined in the statutes
and supported by a detailed vegetation list and/or the presence
of hydric solls combined with the 10 year flood line. In areas
where waterbodies are temporarily dry, the DER's jurisdiation

extends to the mean or ordinary high water line even if 1t is
¥
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landward of the vegetation line. It should be noted that these
changes did not significantly impact on the linkage between DER's
regulatory responsibility and DNR's land management responsibili-
ties except to establish a time limitation on DMR's processing of
a lease application. The DNR still helds title to sovereignty
submerged lands and must grant permission to use those lands
through a lease or sale before any activity may be conducted on
the property. 1In addition, DER is still responsaible for issuing
permits to dredge or fill certaln soverelignty lands which are no
longer owned by the state but which have not been converted inteo
uplands.

One of the major benefits of the Wetlands Protection Act was
to consolidate the criteria used for permit review. In essence,
water quality has become the primary consideration. However,
other factors which are to be considered to determine the impact
of permit issuance on the publie interest include effects on
fish, wildlife and habitat; health, safety, and welfare; the
effect on navigation or flow of water; whether the project will
cause erosion or shoaling; impacts on commercial and recreatio-
nal fisheries; the duration of the project and its impacts; and
impacts on archaeological and historic resources. The Act has
also made it easier for DER to consider the cumulative impact of
numerous small projects by allowing the agency to consider the
impacts of past and future projects in the same area,

Finally the Act allows the DER to develop more stringent
water quality protection standards in Outstanding Florida Waters,
Aquatic Preserves, Areas of Critical State Concern, and certain
areas with approved resource management plans and it grants ¢clear
authority to regulate peat mining.

The DER is responaible for two other programs that are of
interest to the effective regulation and management of fishery
habitat. These are the permitting of long term maintenance
dredging projects as authorized under Chapter 403, F.S., and the
Coastal Management Program under Chapter 380, Part 2, F.S.

The 1981 legislative session authorized DER to develop sepa-
rate water quality standards for ports and to issue maintenance
dredging permits for up to 25 years. 1In addition it established
a funding source within the Department of Natural Rescurces to
provide up to 50% of the cost of purchase of apoil disposal
sites. This has provided an opportunity to implement mcre effec-
tive long term management strategies to deal with ongoing activi-
ties that have a significant impact on estuarine resources. The
long term nature of the permits has allowed the development of
more sophisticated permitting and monitoring standards than can
be applied to the normal short term project. 1In addition, it i=s
encouraging the ports to take a long range look at thelr require-
ments and potential environmental impacts. An indirect benefit
of the project has been the refineaent of analysis techniques to
be used in evaluating water and more importantly sediment quality
in estuarine areas. The DER, Offiee of Coastal Management, is
currently inveatigating extending this concept to long term main-
tenance dredging associated with the Intracoastal Waterway.
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The DER was charged by the 1978 leglslature with developlng
a coastal management program under the terms of the Federal
Coastal Zone Management Act. The legislature specified that this
program had to work within exlsting authorities. The program was
developed and received federal approval in September of 1981.
The program 1s oriented around a number of issues of special
focus, many of which are directly or indirectly related to man-
agement of fishery habitat, The two major components of the
program that are of immediate interest tc the management c¢f
fishery habitat are the grants program and the Interagency Man-
agement Committee. 1In brief, the grants program 1s based on
allocating federal coastal management funds to a variety of
coastal research projects including fishery habdbitat loss and
carrying capacity, wetlands protection at the local level,
improvementas in mosquito impound management stategies, develop-
ment of aquatic preserve management plans, ete. The Interagency
Management Committee (IMC) was created in 1980 by resolution of
the Governor and Cabinet. This group consiats of the heads of 10
state agencies such as DER, DNR, DCA, HRS, OPB, GFWF(C, etec.
having significant management of policy responsiblities related
to coastal rescurces., The IMC is responaible for reaclving
interagency conflicts as they relate to coastal resources, inter-
preting coastal policy directives such as the Governor's
Executive Order on barrier islands, and developlng legislative
initiatives such as the 3ave Our (Ccasts legislaticon. The IMC 1is
staffed by the DER/0fflce of Coastal Management supported bty the
Interagency Advisory Committee (IAC) consisting of staff from the
respective agencies,

The Department of Community Affairs is the state land plan-
ning agency. Part of its activities as specified in Part I of
the Chapter 380 F.S5. are to conduct the state's Development of
Regional Impact (DRI) and Area of Critical State Concern (ACSC)
Programs. Neither of these two programs are primarily concerned
with wetlands regulation, however, since they both are concerned
with growth management they do impact on wetlands.

A DRI 1s defined as "any development which, because of its
character, magnitude, or location, would have a substantial
effect upon the health, safety, or welfare of cltizens of more
than one county; s. 380.06(1), F.8." While many of these
developments are defined in DCA administrative rules, develop-
ments may be included in the DRI process 1if they meet this statu-
tory definition. The DRI proceas is primarlly implemented at the
county and Regional Planning Council (RFC) level and will be
discussed later. However, it ls lmportant to note that the act
impowers various levels of government, including DCA, to seek
injunctions to secure compliance with the act and DRI decisiona.
This includes determination that a development must complete the
DRI process, the terms of a DRI decislion, implementation of
conditionas of that decision and review of projects which have
deviated from approved plans, While thls process does provide an
opportunity to ensure that adjacent land uses are compatible with
wetlands, it must be noted that relatively few developments enter
the DRI process. Discusasions of refinements to the process by
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the ELM's II committee indicate that rarely are as many as 10% of
the projects in any given area subject to review for a variety of
reasons.

The ACSC program provides a more direct opportunity for the
state to influence local events. Geographic¢ areas may be desig-
nated ACSC'as based on an evaluation of impacts on environmental
and natural resources of regional or statewide importance,
archaeological or historical resources, or public facilities.
Three areas have been designated ACSC's for reascns which in-
¢lude a concern with the management of wetlands and fishery
habitat. These areas are Monrce County (Florida Keys), Bilg
Cypress, and the Green Swamp. The Keys designation was the
result of a concern over the inadequate regulation of development
and its impact on the area. The Big Cypress designation was
assoclated with creation of the Big Cypreas National Preserve
designed to protect a major portion of the upstream dralnage
basin for the Everglades. The Green Swamp designation was
designed to protect a major recharge area for the Florida
Aquifer.

Since this process results in more direct atate control than
the DRI process, designation is much more formal. Upon deter-
mination by DCA that an area should be considered for ACSC
designation the Governor must appoint a Rescource Planning and
Management Committee (RPMC). This committee contains members of
appropriate state agencies and all affected local and regional
governments. This committee is charged with developing a program
to correct the problems that led to the proposed designation.
Should this voluntary plan be adopted by appropriate levels of
government the proceas is brought to a halt at this point except
for later reviews to assure implementation. This voluntary ef-
fort has been successaful in the Charlotte Harbor and Suwannee
River areas. Should the voluntary effort fail then DCA may
recommend to the Governor and Cabinet sitting as the Administra-
tion Commission that the area be designated an ACSC, this
designation is subject to review by the legislature and must
incelude boundaries, the RPM{ report, reasons for designation,
principles for guiding development and an jidentification of
public lands within the area. The affected governments must then
adopt and enforce regulations which comply with the principles
tor guiding development or DCA aoting through the Administration
Commiassion will write the regulations. The DCA may then seek an
injunection to secure compliance. An area may be removed fron
designation upon determination that appropriate governmental
bodies are in compliance with the principles for guiding
development.

The Department of Natural Reaocurces is the state's primary
land management agency. The department is charged with manage-
ment, purchase and disposal of state landas under Chapter 253,
F.8.; management of selected state lands under the Aquatic
Preserve program under Chapter 258, F.S.; and regulation of
coastal construction under Chapter 161, F.S.
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The Governor and Cabinet sitting as the Trustees cof the
Internal Improvement Trust Fund hold ownership and management
responsibility over public lands including many wetlands areas
auch aa overflowed lands, sovereignty tidal lands, and waters of
the state within 3 miles of the Atlantic coast and 10.35 miles of
the Gulf coast. Proposals to sell or lease public land for
private use must be evaluated to determine how the public in-
terest is impacted. This includea evaluating impacts on wetlands
and their productive capacity. In contrast to years past when
the astate disposed of millions of acres of wetlands to pay state
bills or encourage various types of development, leasing of
wetlands areas is severly restricted and is conducted in a public
forum where all views are heard. The Trustees also conduct two
major land buying program; Conservation and Recreation Lands and
Save Qur Coasts; designed at least in part to purchase critical
wetlands habitat areas.

Under Chapter 258, F.S., the DNR maintains some 36 aquatic
preserves designed to provide additional management and protec-
tion for critical fresh and salt water habitat. State lands and
private property, at the owners request, are selected for inclu-
sion on the basis of their values as natural habitat with the
goal being to maintain them in their natural or existing condi-
tions or to restore them. Designation as an Aquatic Preserve is
made by the Trustees subject to approval by the legislature.
Once an ares is designated additional protection is afforded by:
1) DER designation of the area as an Outstanding Florida Water;
2) a requirement that sale or lease of lands in the area musat be
in the public interest inatead of merely not contrary to the
public interest; and 3) further restrictions on dredge and fiil
and water diacharge activities. To date DNR has developed and
adopted specific management plans for preserves in Charlotte
Harbor and Esterc Bay and plans are being developed for several
other preserves including four in the Indian River.

While not as directly impacting on wetlands and fishery
habitat as other programs, the Coastal Construction Control Line
and other programs under Chapter 161, F.S., administered by DNR
under the direction of the Governor and Cabinet, indirectly
provide some resocurce protection by regulating coaastal
structures. These programs provide some regulation of the type
and design of structures which may be placed immediately adjacent
to sandy coastal areas and govern beach nourishment programsa.
Obviously regulation of activities impacting on sand transport
patterna and coastal erosion can impact on coastal wetlands
areas.

Regional Planning Councils (RPC's) provide the main planning
link between several adjacent counties and, in turn, the DCA. As
such, the RP(C's are responsible for reviewing all DRI applica-
tions from their areas. Generally speaking this is the single
most important review since an RPC is most familiar with regional
issues of concern. State input through DCA is usually directed
toward controversial development and occasionally to broader
statewide concerns. The affected RPC coordinates review of a
project with the appropriate local and state agencies and pre=
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pares an evalution of a develcopment with respect to its impact on
the environment and natural resourcesa; economy; waste disposal
systems; transportation facllities; access to employment facili-
ties; ete. The final decision to grant or deny approval resides
with the directly affected local government which musat consider
the extent to which the development complies with the state land
development plan, local land development regulations and the
report and recommendations of the RPC. Typically, approval
includes a number of conditions or moditications of the original
development plan designed to improve the development as related
to 1ssues noted above.

Water Management Districta (WMD) were c¢reated under Chapter
373, F.S8., to regulate the withdrawl, diversion, storage, and
consumption of water on a regional bais. These activitles are
conducted under the general oversight of DER and the Governor and
Cabinet, sitting as the Land and Water Adjudicatory Commission.
In addition to regulatory powers the WMD's are allowed to levy
taxes to conduct their activities and to acquire property under
the Save Our Rivers program funded by documentary stamp taxes.
Until recently WMD's dealt primarily with injectlion of water into
underground formations, consumption of water for non-domestic
uses, water wells, and dams and other water control works. How~
ever, wlith the passage of the Warren S. Henderson Wetlands Pro-
tection Act of 1984 the WMD's took on significant new responsibi-
lities to regulate impacta on wetlands associated with agri-
cultural activitiea. The Act exempta "normal and necessary”
agriculture operations and agricultural water management systems
from regulation by DER and assigns them to the WMD's. Normal and
necessary activities include clearing, fencing, contouring,
plowing, planting, access roads, etc., while water management
systems refer to irrigation systems and farm ponds. Governcor
Graham's instructions to the WMD's are that these activities and
systems are to be regulated to at least the same standards as
DER's regulation of other uses of wetlands. This 1s to include
consideration of fish and wildlife impacts; maintenance of state
water quality standards; protection of Aquatic Preserves, OFW's
and the Everglades; and consideration of the ecological value tec
the wetlands lmpacted.

Under Chapter 388, F.S., mosquito control programs are the
responaibility of the Department of Health and Rehabilitative
Services (HRS) and various county programs, In years past theae
efforts included extensive ditching and diking of cocastal wet-
lands and wide use of o1l and other chemicals. Today the use of
oil is severely restricted and the use of chemicals i1s limited by
an agreement between HRS and DER although DNR has recently ex-
pressed considerable concern about the use of certain agreed upon
chemicals. In addition, only thoae activities neceasary to
actual maintain structures are exempt from DER's dredge and fill
permitting process. Obviocusly, the numerous mosquitoc impoundents
have an adverse impact on fishery habitat as these areas are
usually completely closed to normal water circulation patterns.
Several years ago Governor Graham appointed an interagency task
force to deal with mosquito contrel issues as related to fishery
habitat. This sffcocrt has been supported by research funded by



102

the DER/OCM and conducted by the Indian River Mosquito Control
District, Institute of Food and Agricultural Science, and Harber
Branch Foundation designed to explore innovative impound mange-
ment techniques. These offorts are just beginning to pay off in
programs allowing for mosquito control while returning selected
impounds to active tidal c¢circulation.

In closing, this discussion has provided a brief and neces-
sarily incomplete overview of Florida's regulatory and growth
management programs as they relate to fishery habitat. I would
like to stress that the regulatory and management prograwms dis-
cussed above are only as good as scilentific information utilized
to implement them. Unliess the research community 1s willing to
make an effort to communicate their findings, including implica-
tions for changes in regulatory and management programs, to the

general publie, politicians, and agency decision makers, no signi-

ficant improvements ¢an be made in the programs outlined in this
discuassion.



103

CONTRIBUTED PAPERS



104

THE NASSAU RIVER BASIN ENVIRONMENTAL STUDY

Joel S. Steward

Introduction

The Nassau River basin, located in northeast Florida, is
sltuated between the St. Johns River estuary to the south ang the
St. Marys River estuary to the north (Figure 1). The 350 mi
basin is composed of a variety of land types: fresh and
saltwater marshes, mixed hardwood swamps characteristic of the
Nassau's headwater creeks, and pine flatwood areas interspersed
with light urban, agricultural and silvicultural land use. The
Nassau River is a typical, southeast ccastal plain drowned river
estuary whose freshwater inflows are contributed by several major
creeks. Three of these creeks, Thomas, Mills and Boggy, are the
main headwater creeks (Figure 1).

Despite the low-level development in the basin, hydrologic
and fishery impacts have occurred. A major porticn of Mills
Creek has been channelized since 1974 to prevent flooding in the
town of Callahan and surrounding agricultural lands (USDA, 1976).
The channelization has altered the hydrology of the Mills Creek
watershed and may be affecting water quality as far downstream as
the oreek's confluence with the Nassau River. The lower reach of
the Nassau estuary has been closed to bivalve harvesting since
1977 because fecal coliform densities have been above the ISSP
atandard of 43 MPN (Florida Dept. of Natural Resources, 1984).
Surface runoff and septic tank leachate from residential
develcopment has been implicated as the contamination socurces.

It is 1ikely that further growth in the basin will create
additional environmental impacts unless preventive management
strategies are developed and employed. Toward this end, the St.
Johnas River Water Management District, in cooperatilion with the
U.8. Geological Survey, has initiated a hydrclogle and water
quality monitoring program. The objectives of the program are to
(1) develop a computerizeas hydrologic and ambient water and
sediment chemistry data base, (2) delineate and describe the
chemical and physical characteristics of the freshwater/saltwater
interface, (3) describe water quality problems, and (4) determine
spatial and temporal water quality trends.

A wetland vegetative survey of the basin will also be
conducted. This survey will entail classification and detailed
mapping of the wetland areas. The information can be used to
develop technical criteria for wetland management plans for the
Nassau basin.

Environmental Specialist,St. Johnas River Water Management
District, P. O. Box 1429, Palatka, Florida 32078.
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Methods

A hydrologic and water quality amonitoring network, fully
established since 1982, covers the major subbasins (Figure 2).
The hydrologlc network includes remote, continuous stage and
discharge recorders placed on the three headwater creeks, the
midereach and mouth of the Nassau River. Continuous measurements
of conductivity and temperature are also recorded at the mid=-
reach site (Rt. 17 bridge) which has been determined to be in the
area of the freshwater/saltwater interface. Rainfall 1s gaged
throughout the basin and, concomitant with stage and discharge
data, will be factored into 3 one-dimensional hydrodynamic model
for the Nassau.

The water guality stations (Figure 2) are monitored on a
quarterly basls. In addition to the typical in-situ
measurements, several analyses are performed on grab samples
including major nutrients, anions, cations, dissoclved and
suspended solids, and chlorophylls. At this time, the water
quality data collected over the last 2 1/2 years is most readily
accessible for interpretation and forms the basis of this interim
report.

Results and Discuassion

Preliminary analysls of salinity and conductivity data
indicate the freshwater/saltwater interface is a broad mixing
zone rather than a well-defined salinity wedge (Figure 3). This
mixing zone, as defined by large salinity fluctuations, is
located in the approximate geographical center of the basin.
Salinities in the mixing zone range from <1 0/00 to 24 0/00, a
greater than 80% variability; whereas, salinities near the river
mouth are notably higher with lower variability, averaging 34+ 6
00/00. The estuary overall is vertically well-mixed, with tep to
bottom homegeneity of salinity, temperature and dissolved oxygen.

The spatial distribution of major nutrients, analyzed thus
far, reveal excessively large concentrations of total nitrogen
(TN) and total phosphorus (TP) in Mills Creek near Callahan
{(Figure 4). Apparently, these large concentrations are related
to domestic effluent discharges from the Callahan primary sewage
treatment facility and may be elevating downstream nutrient
concentrations at the confluence of Mills and Boggy. In the
Nassau River estuary, TN and TP concentrations dreop by nearly an
order of magnitude (Figure 4). Throughout the mixing zone
(Figure 3), concentrations of TN (1.4 +0.4% mg/1) and TP (0.16
+0.03 mg/1) are conaistent and consistently tight in variability.
Finally, these concentrations decline somewhat through dilution
and aasimilation near the river mouth.

Examining the inorganic or organic levels of nitrogen and
phosphorus can expose further trends and environmental
relationships. The large nutrient levels in Mills Creek (Figure
4) largely consists of inorganic species, 90% for TP and 48% for
TN, This, again, is a probable consequence of primary effluent
discharges from Callahan. A majority of the inorganic nitrogen
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in Mills Creek 1s ammonia with a mean concentration of 2.4 mg/1.
The highest concentration of un-ionized ammonia, 0.03 mg NH3/1"
was measured in Mills Creek. This concentration of NH3 is
potentially toxle to aquatic organisms, especilally at the low
level of dissolved oxygen measured, 0.10 mgs/1 (Alabaster and
Lloyd, 1980). 1In contrast to Millas Creek, inorganic percentages
in the estuary are much lower, comprising 40% of the TP and 21§
of the TN near the mouth. In typical fashion, the inorganic
percentages for TP and TN are similar for all three sampling
sites in the mixing zone, 70% and 16%, respectively.

It is interesting to note that even though pcor correlations
exist between concentrations of ilnorganic nutrients (nitrate +
nitrite, orthophosphorus) and salinity, there is a discernable
trend of decreasing cconcentrations with increasing salinity,
particularly with salinity range groupings: 0-9 o/o0, 10-20
0/00, 25-40 o/00 (Figures 5a and b.). This may be a function of
dilution, however, an equally discernable trend of decreasing
inorganic percentages of TP and TN with higher salinity grouplings
(Figure 6) suggests some additional influence from other factors.

One factor to consider i1s bilological assimilation. The
predominance of organic over inorganic nutrients in the higher
salinity areas may be explained in part by the increased
phytoplankton densities represented by surface water chlorophyll
a concentrations (Figure 7). An increase in the production of
chlorophyll can induce a higher rate of assimilation of inorganic
nutrients. Regression analysis demonstrates that salinity and
chlorophyll a concentrations contribute to 25% of the variability
in percent inorganic phosphorus in the Naasau (F=6.66%, ,025>P>.01);
but was an insignificant influence on the varlability in percent
inorganic nitrogen. Absorption/precipitation proceases and other
routes of biological assimilation and release (littoral, benthic,
etc.) may be other factors influencing the variability in
inorganice¢ percentages of TN and TP but are more difficult to
substantiate.

Conclusion

Aware of water quality problems in Mills Creek, the town of
Callahan is preaently constructing a secondary level sewage
treatment facility. This should significantly reduce the large
nutrient levels in the c¢reek, particularly ammonla.

Completion of this basin monitoring program within a year or
two will result in a long-term water gquality data base enabling
analysis of temporal trends (seasonality) and further analysis of
spatial trends. Accordingly, the hydrologic data base will then
be utilized to relate hydrodynamics to water quality in the
Nassau baain.
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FISH-NURSERY USE IN GEORGIA SALT-MARSH ESTUARIES:
THE INFLUENCE OF SPRINGTIME FRESHWATER CONDITICNS

S. Gordon Rogers, Timothy E. Targett, and Scott V. Van Sant

Extensive and highly productive salt-marsh estuaries are a
dominant feature along much of the Atlantic and Gulf of Mexico
coasts of the scutheastern United Statea. Shallow areas within
estuaries provide habitat for fish assemblages that are highly
dynamic both spatially and temporally. Some species are resident
year-round, but an important component of these assemblages is a
transient group of young-of-the-year clupeiform, perciform, and
pleurcnectiform fishes that are spawned in deeper estuarine,
nearshore, and offshore waters (Gunter 1945; Reid 19543 Kilby
1955; Darnell 1958; Tagatz and Dudley 1961; Miller and Jorgenson
1969; Dahlberg 1972; Turner and Johnson 1973). These species
enter the shallow portions of eatuaries primarily in the winter
and early spring, occur in very high densities during their
recruitment and residence periods, and leave the shallows as they
grow or as the water begins tc cool in late summer and early fall
(Herke 1971; Adams 1976; Weinstein 1979; Bozeman and Dean 1980;
Weinstein et al. 1980b; Weinstein and Brooks 1983). Comparisons
of their apatial and temporal nursery use between studies are
complicated by differences in habitats sampled, timing of sampl-
ing with respect to tidal-lunar cycles, and gear design and
efficiency. Howevar, it is apparent that fishes generally
exhibit aimilar patterns throughout the region. "Waves" of
recrulitment and peaks of abundance unique to each species are
separated through time during the late fall, winter, spring, and
early summer (Herke 19713 Dunham 1972; Adams 1976; Chao and
Musick 1977; Govoni and Merriner 1978; Weinstein 1979; Bozeman
and Dean 1980; Subrahmanyam and Coultas 1980; Weinstein et al.
1980b). Each species asscclates with particular rangea of physi-
cochemical and biotic factors, including salinity, substrate
composition, vegetation, and water depth (Gunter 1956; Herke
1971; Chao and Musick 1977; Kobylinski and Sheridan 1979;
Weinstein 1979; Weinstein et al. 1980b). Temporal and spatial
use patterns combine to produce a dynamic mosailce of transient
species assemblages. Several workers have proposed, and
Weinstein and Brooks (1983; see also references cited therein)
have demonstrated, size-specific use of shallow estuarine
habitats. Spots Leiostomus xanthurus "lcaded"™ into the upper
pertion of tidal creek system and "bled off" with increasing
size. This phenomenon likely occurs on an estuary-wide scale as
specles move down the estuary or into deeper water with growth
(see Herke 1971; Chao and Musick 1977).

The timing of recruitment of many larval and Juvenile fishes
into estuarine nursery areas in southeastern coastal waters
coincides with the winter-spring period of maximum river
discharge. This pulse of fresh water signigicantly alters the

Skidaway Institute of QOceanography, University System of Georgia,
Post Office Box 13687, Savannah, Georgia 31416
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salinity structure and displaces the freshwater boundary (here
defined as the location of the high-tide surface front between
brackish and fresh water) many kilometers seaward. Large areas
of the upper portions of estuarles with direct riverine input
thus are exposed tec prolonged periods of freshwater conditions
(Dunham 1972; Schroeder 1978; Weinstein et al. 1980a). These
shifts are accompanlied by fluctations in current veloecity, tur-
bidity, and other factors linked to variation in rive dishcarge.
Seasonal fluctuations 1In current velocity, turbidity, and other
factors linked to variation in river discharge. Seasonal fluct-
uations in estuaries with no direct riverine input are less
pronounced.

Certain of the transient species are known to associate with
the oligohaline-to-freshwater portions of the estuaries (Massman
1954; Massman et al. 1954; Gunter 1957; Wilkens and Lewils 19713
Tagatz and Wilkens 1973; Turner and Johnson 1973; Govoni and
Merriner 1978; Weinstein 1979; Weinstein et al. 1980a; Weinstein

et al. 1980b). However, the influence of increased river dis-
charge and the functional importance of freshwater areas in
processes of recruitment and nursery utilization are poorly
known.

Young-of-the-year spots and Atlantic croakers Micropogonias
undulatus in the Cape Fear River estuary, North Carolina, were
restricted from a section of the maln-stem channel during periods
of high freshwater flow, but postlarval flounders Paralichthys
spp. largely were unaffected (Weinstein et al. 1980Ca). Newly
recruited Atlantic menhaden Brevoortia tyrannus and gulf menhaden
B. patronus concentrate in oligohaline and freshwater areas of
both minimally and intensively flushed estuaries (Wilkens and
Lewis 19T71; Tagatz and Wilkens 1973; Turner and Johmson 1973;
Weinastein et al. 1980b). Over longer periods, abundances of spot
and Atlantic croaker did not correlate with year-to=-year varia-
tion in river discharge in Apalachicola Bay, Florida (Kobylinski
and Sheridan 1979). Structural patterns of the shallow-water
fish assemblage in the Cape Fear River estuary alsc were not
affected by annual differences in river discharge (Weinastein et
al. 1980b).

Although annual variation of river discharge may not affect
overall community patterns or the peopulation dynamics of estua=
rine flshes, significant local influences of freshwater encroach-
ment and lncreased flow velocity can occur. This study was
designed t investigate the spatial and temporal patterns of
recruitment and residence of transient fishes in shallow areas
along the main stem of an estuary with direet freshwater river
input. Of particular interest were the effects of extended
periods of high river discharge and freshwater encroachment on
continued use of shallow nurserijies. '

Study Area

The Ogeechee River-Qssabaw Sound estuarine complex is

located on the northern portion of the Georgia coatline (Fig. 1).
Deeper portions of the estuary are surrounded by intertidal salt
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Ficure 1.—Locations of the upper (U), middle (M), and
lower (L) sampling stations in the Ogeechee River estuary,
Georgia. Patterned areas adjacent to rivers are salt
marshes; shaded areas in the river ave sand bars or mud

flats; black areas are dry land.
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marshes dominated by smooth cordgrass Spartina alterniflora, and
are drained by intertidal and subtidal watercourses. The entire
complex covers approximately 18,000 hectares. Semidiurnal tides
average 2.1 m and range from 1.6 to 2.7 m above mean low water.
Midebbtide current velocity in the Ogeechee River, 25 km upriver
from the mouth of 0ssabaw Sound, has been measured at 0.76

m second= (Windom and Beck 1971) at a river discharge of approx-
imately 50 m3-second=1 (USGS 1970).

The Ogeechee River drains approximately 14,300 km of
Georgia's lower piedmont and coastal plain. 3Since 1937, the mean
daily discharge has been 82.0 n3+second=?! within a range of 3.71-
745 m3-second-! (United States Geological Survey [USGS] data).
Peak discharges normally occur during the winter and spring or
are associated with brief tropical weather systems in late summer
and early autumn.

Three stations were established at the mouths of intertidal
creeks draining salt marsh along the main astem of the estuary
(Fig. 1). They were chosen so that at least one station would
experience freshwater conditions during periods of high flow.
The lower station, 13 km inland from the mouth of (ssabaw Sound,
was located in a zone of considerable mixing of riverine and
ocean waters, resulting in a wide seasonal and diel range of
salinities (Howard et al. 1975). The middle and upper stations
were ajituated at 13-km intervals upriver in a more stable salini-
ty regime (0 to approximately 15%; Howard et al. 1975). The
freshwater boundary was approximately 10 km above the upper
station during low=flow periods.

The mouths of the creeks where samples were taken were T to
9m wide and approximately 1.5 m deep at mean high tide. At low
tide, the creeks drained completely at the lower and middle
stations, and almost completely at the upper station. BSubstrates
were soft mud. Salt-marsh vegetation was smooth cordgrass at the
lower station and smooth cordgrass, rough cordgrass Spartina
cynosuroides, and black needlerush Juncus roemerianus at the
upper and middle stations.

Methods

Flashes were saspled by two hauls of a 1.2 x 10-m sein (5-mm
mesh and a 1.2 x 1.2 x 1.2-m bag) extended completely across the
mouth of the intertidal c¢reek, then pulled into the creek over a
roughly triangular area, and pursed on a mudflat inside the creek
mouth.,. The areas sampled were approximately 50 m? at the upper,
78m2 at the middle, and 75 n2 at the lower stations. All sta-
tions were sampled during ebb tide on the same day at 2B-30-day
intervals from 9 December 1980 through 30 May 1981, and during a
3~day period in June 1981. Sampling was conducted within 60
hours of the highest-amplitude spring tides of the month except
in June, when they were sampled during 3 days of lower-amplitude
apring tides.
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On each collection date, surface salinity (+0.5% range,
measured by refractometer) and temperature (:0.25 C) were
recorded at each station and at midriver during high tide, midebb
tide, and at low tide. Salinity and temperature profiles at high
and low tide were determined from midriver values reccrded at
1.3-km intervals between stations. Between monthly cocllections,
high=tide wvalues were recorded at all stations and a midriver
profile was determined. River-discharge data were obbtained from
records published by the Gecrgia Water Resocurces Division of the
USGS for gauging stations located 60 to 80 ko upriver from the
study area. These data and results from other studies (Windom
and Beck 1971; Howard et al. 1975) were used to correlate river
discharge and salinity at given locations.

After collectlion, fishes were placed in 10% formalin. In
the laboratory they were sorted, identified, counted, and
measured to the nearest 1 mm total length (TL); the total weight
of individuals from each species was determined to the nearest
0.1 g wet weight. When more than 100 individuals of a species
were collected, they were randomly subsampled for length
determinatiocns.,

Seasonal recruits (transient species) are defined as those
fishes spawned in deeper estuarine, nearshore, and offshore
waters that are present in shallow estuarine habitats as young-
of=the-year. Length frequencies were used to distinguish
seasonal recruits from age 1+ individuals of the same species.
The catch for each species at each station was standardized to
individuals per 100 mZ. Analyses of apecies distribution were
based on species ranks determined from catch values. Kendall's
(1962) coefficient of concordance W was used to test the hypo-
thesis that species' ranks were independent among stations within
months. A statistically significant concordance would indicate
that species hierarchies were the same at all stations.

To minimize statistical error, only the nine most abundant
seasonal recruit speciles (of 15 total) were included in these
calculations. These comprised over 99.9% of all seasonal
recrults collected and over 98% of the transient fishes at any
gatation in a monthly calculation i1f it was present at at least
one astatiocn.

Periods of recruitment of transient specles were determined
from monthly mean lengths of the smallest 10% of sample popula=-
tions (see Weinstein and Walters 1981) and from lengths of the
smallest individuals captured each month. Both show a marked
increase when recruitment ends. Means were not calculated for
samples containing fewer than five fish. Size-specific diatribu-
tion patterns were examined by month-to-month comparisons of the
size composition of specles populations at their uppermost and
lowermost sttions of abundance. For each comparison, the propos-
tions of the populations in several (>5-mm TL) size classes were
calculated for both stations. Chi-square tests were performed on
each pair of proportions to test for differences between
stations.
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Repetitive seine hauls were conducted during June 1981 to
assess the adequacy of two hauls in determining use patterns.
Sampling at each station was continued during ebb tide until the
creek mouths were drained {lower and middle stations) or until
low tide (upper atations). Fishea from the four or five seine
hauls were preserved and processed separately. Species ranks and
abundances were determined for all transient species present
based on (a) the first two hauls and (b) all hauls at each
station. Spearman's rank correlation statistic (r ) was used to
test the hypothesls that species' ranks were 1ndependent between
{(a) and (b). Significant correlations would show that two hauls
Yielded rankings similar to those produced by several additional
hauls. Length comparisons were based on t-tests of mean lengths
from twe and all hauls comhbined.

Three collections were made at each station between 8
February and 9 April 1982 to determine if patterns of nursery use
were repeated the following year under different flow regimes.
Procedures were similar to those used in 1981 except that lengths
were not recorded, and the March samples were processed in the
field with species ranks assigned based on relative abundances.
In March, the middle and upper stations were sampled one week
earlier than the lower station. Kendall'’s W was again used to
compare speciea heirarchies among stations within months.
Spearman's r, was used to test the hypothesis that speciea’ ranks
were independent between years for the same month and staion.

Results

Sampling Considerations

Comparisons of species' ranks between two and all four or
five seine hauls druing June 1981 yielded highly significant
correlations at all stations (rg = 0.85-0.98; P< 0.005). Nine
transient specles were taken by the first seine haul at each
station, and no additional apecies were collected in subsequent
hauls. Although species ranks did not vary dignificantly between
early hauls and all hauls combined, the majority of a few specles
were collected in later hauls. To eliminate any bjias in esti-
mates of species abundance, all comparisons are based on larbe (>
1 order of magnitude) differences in species catch.

There were no significant differences in the mean lengths of
any specles bhetween two and all hauls combined at any station.
Additionally, there were very few differences in length ranges
between the early hauls and all hauls combined. Qur mesh size
prevented efficient capture of the smallest seasonal recurits
(Weinstein 1979). However, the range of lengths in our samples
compares well with those in other studies using smaller mesh
sizes (Weinstein 1979; Weinstein et al. 1980a). It is unlikely
that size-class capture efficiency varied between months or loca-
tions, thus validating our temporal and spatial length
comparisons.
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Salinity and Temperature

Surface salinity ranged from 0 to 27% during the study (Fig.
2). Values at high tide were generally greater than at low tide
although in the vicinity of the upper station, low-tide wvalues
were occasionally 0.5 to 1% greater than those at high tide due
to connections with the northern arm of the estuary via 18th-
Century rice-irrigation cansails.

River discharge with sustained flows exceeding 50-60
m3-second= diaplaced the freshwater boundary to a point below
the upper station (Fig. 2). The 1981 high-flow period was of
relatively short duration and had low discharge peaks (Fig. 3),
but it was sufficient to maintain fully freshwater conditions (0%
at high and low tide) at the upper station for at least 60 days
(F1g. 2). At the middle station, in a gzone of somewhat greater
tidal influence, the relationship between river discharge and
salinity was less clear. During high river discharge, salinity
ranged from 0O to 2%. Fully freshwater conditions were measured
on only two occasions and the freshwater boundary was likely
downstream of this point for no more than a few days at a time
during 1981. Salinities at the lower station were reduced during
high flow and the diel range was much greater (up to 20%) than at
upriver lccations.

The high-flow period in 1982 was of much greater magnitude
and duration than in 1981, and discharge was comparable to long-
term means (Fig. 3). Fully freshwater conditions were recorded
at the upper station on all three sampling dates and salinities
ranged from 0 to 0.5% at the middle station. The freshwater
boundary remained downstream of the upper station for approxi=-
mately 130 days from early January through mid-May 1982.

Surface temperatures ranged from 6.5 C in late December 1980
to 30.0 C in mideJune 1981 (Ffig. U4). Temperature differences
between stations on the same day were never greater than 3.0 C,
although temperatures in the upper portion of the study area
were generally less than in the lower portion during cooler
months, and greater during warmer months. Temperatures in
February and March 1982 were higher than those during the corres-
ponding period of 1981 (Fig. #4). Measurements of surface temper-
ature in an adjacent estuary indicate that water temperatures
were generally warmer during the winter of 1981-1982 than in
1980-1981 but were cooler following mid-April during the second
year.

Fishes

We collected 46,908 rishes from 41 species between December
1980 and June 1981. More than 95% were transient aspecles.
Young-of-the-year spots, Atlantic menhaden, and striped mullet
Mugil cephalus together made up nearly 93% of the total.
Transient species dominated samples at all locations even after
about 45 days of fully freshwater conditions at the upper
atation.
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Ficuns $.—Daily mean discharge of the Ogeechee River,
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Rank analyses yielded significant correlations from February
through June 1981, including the period of high river flow (Table
13 Pig. 2). Nonsignificant values 1in December and January
resulted from high catches of Atlantic croakers and southern
flounder Paralichthys lethostigma at the middle or upper
stations. These two samples also preceded the arrival of most
seasonal recruits, resulting in low numbers of species in calcu-
lations of significance. The highest catches of Atlantie
croaker, southern flounder, Atlantic menhaden, sillver perch
Bairdiella chrysoura, and hogchoker Trinectea maculatus, were
recorded at the upper or middle stations through May. This
pattern combined with very low catches of striped mullet at
upriver locations in April and May to produce low (W < 0.80) but
significant coefficients of concordance for these months. In
June, the number of transient species had decreased greatly,
contributing only 60% of the total numbers of all fishes, al-
though several species still were being recruited to the study
area (Table 2).

Concordance of species ranks indicates that all three
sampling locations functioned as nursery areas Iin a similar
rashion throughout the 1981 recruitment season, particularly
during the period of fully freshwater conditions at upriver
locations. Differences in specles ranks and abundances were due
primarily to higher catches at the upper and middle stations
throughout the period.

Striped mullet was the only species that seemed to actively
respond to high river discharge and the presence of fresh water.
This species nearly disappeared from the upper station during the
latter part of the high-discharge period and also decreased in
abundance at the middle station (Table 1). Abundances increased
again at upriver locations by June.

Spot abundance at the upper station also dropped off sharply
during the latter part of the high-discharge period, but this
oceurred as recruitment was ending and spot abundance was declin-
ing throughout the study area. This also followed an absolute
increase of spot abundance at the upper statlion during the
initial phases of recruitment and freshwater conditions (Tables 1
and 2; Fig. 2)

Pooled species abundances show rather distinet periods of
nursery use: Atlantic croaker (December); striped mullet
(February-March); southern flounder (March); spot (March-April);
Atlantic menhaden (May); silver perch (May-June); and white mul-
let Mugil curema (June). Length data (Table 2) indicate that
soughern flounder recruitment ended during March, coinciding with
their peak abundance. Spot recruitment, on the other hand, did
hot end until late May, after their March-April period of peak
abundance. Striped mullet recruitment ended during April,
although peak abundance had ocourred in February and March. More
than 96% of all Atlantic menhaden captured were 30-40 mm TL, but
based on a slight increase in mean and minimum lengths plus a
sharp decrease in catch, recruitment had probably ended by mid-
June. Silver perch, hogchoker, and blackcheek tonguefish
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§xm hurus plagiusa recruitment was still in progresas when the
1980-1681 study period ended.

The largest scuthern flounder and silver perch composed
significantly (P < 0.05) greater proportions of their populations
at the upper station during initial recruiltment pericds, while
the smlest sizZe classes were relatively more abundant at the
middle {southern flounder) and lower (silver perch) stations.
Later in theilr residence period, the largest southern flounder
were more abundant at the middle station while smaller fish
dominated at the upper station (P < 0.001).

Spots exhibited no clear pattern of size-claas distribution
during recruitment, but by late May and June, the largest indi-
viduals were relatively more abundant at the lower station and
amaller fish dominated at the upper station (P < 0.05). Although
no consistent trends of relative size-class abundance were evi=-
dent for Atlantic menhaden, fish longer than 40 mm TL were
proportionately more abundant at the lower station in late May,
while fish shorter than 35 mm TL dominated at the upper station
(P < 0.01).

Rank analyses of collections in 1982 yielded high coeffi-
¢cienta of concordance in all three months, yet the correlation
between stations was statistically significant only in April
(Table 1). This was due more to low numbers of species entering
the caleculations in February and March than to differences in
specles hlerarchies between stations. Monthly rank-correlation
analyses between years were statistically significant only for
April collections at the upper and middle stations (Table 3).
Atlantice croakers, southern flounder, and hogchokers were abaent
in 1982 samples taken during months when they were present in
1981 (Table 1). Many fewer spots and striped mullet were col-
lected in 1982 than in corresponding 1981 collections. More
Atlantic menhaden were collected in 1982. Despite these
interesting differences, by April six seasonal recruit speclies
were present in the study area and species ranks were correlated
among stations and between years. At this time river discharge
had been sufficiently high to malntain freshwater conditions at
the upper station for approximately 95 days (Figs. 2 and 3).

Discussion

Shallow marsh habitats along the margin of the upper
Ogeechee River estuary serve as murseries for several fish
species. The fish assemblage in upriver areas in winter and
spring was dominated by seasonal recruit species, similar to the
patterns at the more saline lower station and to higher-salinity
locations in other estuaries (for example, Weinstein 1979;
Bozeman and and Dean 1980; Weinstein et al. 1980b). Speoies
recruited from deeper estuarine, nearshore, and offshore spawning
grounds used upriver portions of the study area during periods of
fresh water conditions. Only striped mullet showed a pronounced
*"avoidance® of freshwater encroachment. Rank analyses further
emphasjized a similarity of function among stations.
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Thus, the role of shallew upriver areas as nursery grounds
was not substantially altered by the encroachment of freshwater
for approximately 45 days in 1981 and nearly 100 days in 1982.
Because all collections were made during the highest-amplitude
apring tides of each month, riverine Influence was even nmore
pronounced between collection dates. It is unlikely that
brackish water penetrated upriver locations between sampling
datea.

Differences in the numbers of several species between 1982
and 1981 may have been due to variations in the size of spawning
stocks, the timing of spawning, spawning success, larva survival,
or to cross-shelf and estuarine transport processes. Several of
these factors have been correlated with water temperature (Nelson
et al. 1977; Ferraro 1980; Johns and Howell 1980; Johns et al.
1981) and warmer temperatures during the winter of 1982 may have
contributed to the high catches of Atlantic menhaden at a rela-
tively early date (Table 1). It is also likely that higher river
discharge in 1982 delayed or prevented the recruitment of some
species.

Weinsteinqy et al. (1980) have demonstrated that transport
mechanisms based on dilel vertical migrations, correlated with a
combination of tidal~current direction and photoperiod, allow
poatlarval spots and flounders to recruit into and remain in
apecific portions of the Cape Fear River eatuary. They proposed
that flood-tide migration into surface layers also facilitates
movement over the river shoals and into tidal creek systems. In
contrast, Atlantic croakers remain primarily in hottom layers and
depend on net upstream flow in the saline wedge to concentrate in
upriver channel areas. Welnstein et al. (1980a) further noted
that inereased river discharge "flushed®™ spot and Atlantic
croaker poatlarvae from an upstream location to which they
returned following the freshet. In the Ogeechee River estuary
during low discharge, the point above which upstream flow does
not occur during flood tide and the inland extent of the saline
wedge are many kilometers above the freshwater boundary. As
discharge increases the saline wedge is compressed toward the
freshwater boundary, which is concurrently being displaced down-
stream (see Windom and Beck 1971; Dorjes and Howard 1975; Howard
et al. 1975; Schroeder 1978). The hydraulic head similarly
diminishes or prevents net floodtide displacements at all points
(Schroeder 1978).

Therefore, it is likely that, in 1982, river discharge
increased to the point where net upstream transport of new
recruits was inhibited (for example, spot, southern flounder;
Table 1). If this was the case, only those fishes that were
eatablished in shallow areas prior to increased discharge or were
able to maintain position in channel areas would remain in up-
river nurseries. Recruitment te the study area likely would be
limited to episodes between discharge peaks and after the high-
flow period, delaying and diminishing immigration to upriver

ngraeries. Spots and southern flounder were able tc use the
study area under fully freshwater conditions. Therefore, any

effects of increased discharge on these species' nursery-use
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patterns are related to recruitment and retention mechanisms
rather than to salinity "preferences"™ or the physiological abili-
ty of rishes to utilize freshwater areas. 1In contract, striped
mullet were apparently unable to occupy freshwater areas indepen-
dent of the effects of increased flow, and Atlantic menhaden were
not likely affected by either factor, as they were most abundant
at the upper station in 1981 and 1982 (Table 1).

Trends in spatial and temporal use patterns, combined with
the relative abundances of species size classes, Indicate that
newly recruited southern flounder, Atlantic menhaden, and silver
perch concentrated into the least-~saline portion of thelr total
distribution. Additionaly, Atlantic menhaden were present at
sampling locations primarily as metamorphosing postlarvae (30-40
mm TL; Lewis et al. 1972) and were concentrated from the vicinity
of the high-tide freshwater boundary up to 14 km above the front
(1981 and 1982 data combined).

Previouas studles of socuthern flounder also have shown that
young of the year are found in upriver, low-salinity areas
(Powell and Schwartz 1977; Weinstein 1979; Weinsteing et al.
1980; Weinsteinp et al. 1980). 1In Virginia, Atlantic menhaden
are present in the shore zone primarily as postlarvae (Massman et
al. 1954); and larvae and postlarvae concentrate in a zone
extending from low=salility (1 %) waters to a few kilometers
above the freshwater boundary in the mainstem of the White Qak
River estuary, North Carolina (Wilkens and Lewis 1971). 1In
contrast to our data, younge-of-the-year silver perch have been
reported to concentrate in more seaward, higher-salinity zones
(Chao and Musick 1977; Weinstein, et al. 1980).

As residence pericds continued, the largest juvenile
southern flounders were relatively more abundatn farther down-
stream. Atlantic menhaden were markedly less abundant when
recruitment ended. Thus, i1t appears that as these fishes grew
they moved intoc deeper or more saline waters. In Virginia,
juvenile Atlantic menhaden are common in upriver channel areas as
postlarva abundance in the shallows decreases (Massman et al.
1954}, In North Caroclina and Florida juvenile Atlantic menhaden
first are collected in low salinity-freshwater zone, but become
increasingly more abundant seaward as the season progresses
(Wilkens and Lewils 1971; Tagatz and Wilkens 19733 Turner and
Johnson 1973).

Although apota generally were distributed uniformly among
the stations, size-class distributions indicate that, as fish
grew, they moved to the lower portion of the study area. Spots
have been reported to be ubiguitous in estuarine nursery areas
(Chao and Musick 1977; Weinstein 1579; Weinstein et al 1980b);
however, other studies (Turner and Johnson 1973; Weinstein, et
al. 1980) have shown that spots occur in upriver, oligohaline,
and freshwater areas primarily during recruitment.

In sumary, individuals of several seasonal recruit species
appear to move preferentially to primary zones of recruitment at
the most inland, least saline extent of their total distributioen,
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subsequently moving to deeper or more saline waters as they grow.
Several authors have proposed that the headwaters of estuarine
nursery areas are used first and that the nursery "fills up
backward®” during recruitment (Haven 1957; Herke 1971; Chao and
Musick 1977; Weinsteiln 1979). Weinstein and Brooks (1983) have
shown that spot exhibit this pattern within a discrete tidal-
creek system.

We have demonstrated that seasonally freshwater areas are
important functional components of estuarine nursery zones. The
winter-spring discharge peaks observed in the Ogeechee River are
common to most drainage systems along the southeastern Atlantic
and Gulf of Mexico coasts (for example, Dunham 1972; Schroeder
1978; Weinstein et al. 1980a; Weinstein et al. 1980b). Excep-
tions include the southern two-thirds of the Florida peninsula
and the southwest coast of Texas, where tropical storms produce
maximum precipitation in the summer and fall (perscnal communica-
tions: Donald Foose, U3GS, Tallahassee, Florida; R. U. Grozier,
USGS, Austin, Texas). Therefore, fishes entering and residing in
eatuarine nursery areas throughout most of the region confront
freshwater encroachment into estuarine nursery areas. However,
estuarine zones are only partially composed of river-fed aystems
and seasonal freshwater encroachment may cccur at the head of
such a system or along the inshore margins of minimally flushed
basins. In Georgia, these two estuary types alternate, producing
a highly complex mosaic of habitat types, punctuated temporally
and geographically by marked riverine influence. The nursery
function of sapecific locations will be goverened by individual
species responses (or lack thereof) to freshwater encroachment
and hydrodynamic factors. It is striking that low-salinity and
freshwater areas serve as primary zones of recrultment to so many
species and that their peak recruitment and utilization periods
occur during the pericd of maximum riverine influence that tem-
porarily createa a much larger proportion of the "perferred®
habitat.

It is not known how far into permanent freashwater areas
(fresh tidewater) functional nursery habitat extends. These may
be extremely important componenta of the estuarine nursery con=-
tinuum in minimally flushed estuaries and at the heads of river-
dominated zones during low-discharge years. Low-salinity and
freshwater areas warrant additional attention from estuarine
researchers and managers due to their importance in the overall
function of estuarine nurseries and their acute vulnerability to
human activities.
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FACTORS INFLUENCING THE PATTERNS OF ENERGY FLOW IN THE
SEAGRASS BEDS AND IMPOUNDED MARSHES OF THE
INDIAN RIVER'S MOSQUITO LAGOON, FLORIDA

James K. Schooley

Introduction

The Indian River on Florida's east central coast 1s an
estuarine system that only recently has come under intensive
study. The northern portion of the river is shown in Figure 1.
Gilmore (1977) has done a summary of the geography and hydrology
of the Indian River in his review of the fish fauna of the
region. Pertinent findings on a variety of other topics also can
be found in a symposium edited by Montgomery and Smith (1983).

Traditionally, the high marshes within the Indian River have
been accessible to fishes of the open lagoon. However, since the
mid-1950's, nearly all high marsh has been 1solated from the
lagoon by earthen dikes for mosquito control purposes (Provost
1969, 1973). On Merritt Island, this resulted in large areas of
marsh being isoclated, and some partitioned, by these management
practices (Provost 1969, 1973). Snelson (1976) has done a pre=-
liminary survey of fishes of varicus impounded marsh habitats of
northern Merritt Island. Initial studies of the impact of the
impoundments on the entire estuarine fish community have juat
recently begun (Schooley 1980, Gilmore et al. 1982). Schooley
(1980) showed the impoundment fish communities of Mosquito Lagoon
were less diverse than those of nearby seagrass beds. However,
the impoundments had higher fish density (2 to 8 times), higher
fish biomass (8 to 10 times) and higher fish production (14 to 21
times) than the seagrass beds.

This paper examines some of the processes and factors whicech
may influence fish community composition and production in the
impoundments and seagrass beda. The seasonal cycles of tempera-
ture and salinity, rates of production by macrophytes and
structure of the zooplankton communities in each habitat are
examined.

Department of Zoology, Universaity of Florida, Gaineaville,
Florida; Present Address: Natural Sciences and Mathematics,
Northeastern State University, Tahlequah, Oklahoma TU4564.
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. Study Area

The northern Indian River and Mosquito Lagoon are shown 1in
Figure 1. The term "river®™ is a misnomer. Indian River 13 a
large, shallow, meschaline lagoon is separated from the ocean by
a barrier island but that is cut in five places by artificial
inlets. The northernmost and wldest part of the island ias
Merritt Island. Mosguito Lagoon is separated from the resat of
the Indian River by a second strip of land which has been cut at
Haulever Canal to form a passageway for the intra-coastal water-
way. The closest access to the ocean from Mosquito Lagoon is
through Ponce de Leon Inlet, 80 km north of Haulover Canal.

The average water depth of Indian River is 1.5 m, with the
maximum depths in areas dredged for channels, harbors and land-
£f111. The bottom of the lagoon 1s covered by extensive ascagrass
beds dominated by Halodule wrighili and Syrinogodium filiforme.
Tidal fluctuations are insignificant in the northern part of the
syatem, with major water movements the result of wind-driven
circulation (Dubbelday 1975). Mosquito Lagoon has salinity
ranges of 21 to 36 ppt, with a yearly average of 31 ppt (lasater
1975). Salinity of the lagoon at any given time represents a
bala?ce between evaporation and local precipitation (Lasater
19751},

Two seagrass beds within Mosquite Lagoon were studied. The
firat, 81, 1is located in Eddy Creek at the southern end of the
lagoon where water depth was approximately 0.5 m. The second
seoagrass site, S2, is located off Van's Island, approximately 18
km from Sl. Water depth at S2 was approximately 0.6 m.

In contrast to the relative homogeneity of the seagrass
beds, the impounded marshes of Merritt Island and the bdbarrier
island east of Mosquito Lagoon do not have a uniform floral
species composition or species density (Snelson 1976). This
partially is due to variations in salinity and water level
resulting from differing degrees of isclation among the impound-
ments., At Il, the southern impoundment site, the marsh was
broken by large expanses of water bordered by standa of black
mangrove {Avicennia germinans): however, some white mangrove
(Laguncularia racemosa) and button mangrove (Comocarpus erecta)
were also present. The open waters were found to have seasonal
growths of Chara which, in aome locations, filled the water
column.

Site I2, the northern impoundment canal, was lccated approx-
imately 200 m from site $2. This canal formed by draglining, is=s
nearly continuous around the perliphery of Van's Island and is
approximately 1.25 m deep and 15 to 20 m wide. During the dry
season, it is the only stnading water in the area sampled. The
dominant vegetation was black mangrove with some button mangrove
along the dike and occasional growths of Chara.
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. Methods

Samples of air and water temperature, salinity, depth, sub-
merged macrophyte density and macrozooplankton were taken monthly
at all four sites during the period August 1978 through August
1979. The same parameters also were sampled during July 1978 at
sites I1, 31, and S2.

Physical Data

Maximum-minimum thermometers were submerged at sites Il, I2,
and S2. Thermometers could not be left at site 51 because of
vandalism. Readings were taken monthly and the thermometers were
reset. Salinity samples were taken at mid-water depth and
analyzed using a temperature-correcting optical refractometer.

In November 1979, surface sediment samples were taken at Il and
S1 and the percentage of combustible material determined by
tgnition of dry samples in a U475°C. oven for 8 hours. Values for
rainfall and average monthly air temperature were obtained from
recordings taken by Patrick Air Force Base, 60 km south of
Mosqgulto Lagoon.

Zooplankton

Three replicate 10-m=long tows were taken monthly at each
site. The net had a 363 micron mesh, 0.3 m diameter and 1 m
length. The contents of each tow were individually preserved in
5% buffered formalin. Beginning in October, samples broke down
rapidly and are, therefore, underestimated in data from July
through September 1978. The mest size and two length were
expected to produce comparatively dilute plankton samples, but
were considered adequate for making qualitative comparisons be-
tween the impoundments and seagrass beds.

During sorting and counting, specimens were identified at
the most practicable taxonomic level. Dissoclved rose bengal was
used to astain plankton and improve sorting efficlency of floccu-
lent samples.

Denaities and similarities of zZooplankton communities are
compared. The community similarity index used was Czekanowski's
Quantitative Index (Bray and Curtis 1957) which is applied to
percent abundance data. The index ranges from zero (no simi-
larity) to one (identical). Indices are calculated for all
combinations of two sites. The intrahabitat comparisons (Il vs
I2; S1 vs S2) are then compared to the average of the interhabi-
tat indices (Il vs S1l; Il vs S2; I2 vs S1; I2 vs S2). Community
distinctiveness is indicated when both intrahabitat indices are
greater than the average interhabitat index.
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Primary Production Processes

The above-ground standing crop of macrophytes from five
randomly thrown 0.25 m quadrats was harvested each month.
Samples were taken in waters 50 to 75 m from shore at sites S1
and 82, along the edge of the canal at I2 and 25 %o 50 m fronm
shore at I1. The harvest from each toss was returned to the lab
where shell and detrital materials were rinsed off prior to
drying to constant weight at 80°C. The yearly net primary pro-
duction of seagrass at sites S1 and 52 was calculated as twice
the maximum standing crop (McRoy and McMillan 1977}, assuming 1
mg dry welght 1s equivalent to 16 Jjoules.

Net primary production for site Il was computed in two
components: contribution of the algae Chara and litter fall from
the mangroves, primarily standing crop (Rich et al. 1471); man=
grove litter production was calculated after determining a leaf
area for the mangroves during the summer of 1979. Leaf area was
calculated using the modified plumb=-bob technique used by
Benediot (1976). The technique was applied at five random sites,
with ten replicates per site. Production was then calculated
using a ratio of leaf area index to litter production for Florida
mangrove forests dervived fror Pool et al. (1974). Based on
forest descriptions in Pool et al. (1974), leaf-turnovers per
year were assumed to be 1.0 and the ratio of leaf litter to wood
litter to be 3:1. Unfallen dead leaves were assumed to contailn
20.17 J.mg~) (Heald 1969) and twig 17.86 J.mg=1 (Golley 1961) on
a dry weight basis.

The percentage of marsh covered by open water versus man-
grove c¢canopy was determined by planimetry (cut and weigh) of
recent aerial photographs of the Il sampling area. This provided
a proration to use in computing total marsh production from Chara
and mangrove production data.

At site I2, the impondment canal, the input of detritus was
considered to be a complex, seasonal interaction of water tran-
sports to and from the impoundment flats. Therefore, an estimate
of net primary production available within the canal habitats
would be premature, based on limited Chara and fringing produc=
tion data.
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Results

Physical Environment

Average values and ranges of temperature and salinity are
shown in Tables 1 and 2. The range of annual absolute minimun
and maximum temperatures (Table 1) found in the two impoundment
aites, Il and I2, and one seagrass bed, S2, were nearly identia
cal. The average monthly temperature ranges at I2, however, were
significantly smaller (Student's t, p < 0.05) than average
moanthly ranges for deeéeper water buffering rapid daily temperature
fluctations. Site I2 had narrower average monthly temperature
ranges than site S2, but the difference was not statistically
significant. Overall, water temperatures closely paralleled the
average air temperature and the two were roughly equal during
January, February and March. As discussed in the Methods sec¢-
tion, water temperatures are not available for S1.

Significant differences were found in salinity averages.
Salinity at aite I]1 was lower than at the other three sites
(Student's £, p < 0.01)., Site I2 had higher salinity than did S1
(Student's t, p < 0.01). Salinities at S?1 and S2 were not signi-
ficantly different. Greater water depth reduced salinity fluct-
uations at 12, as compared to the other three sites. The greater
range of salinity at S1 versus S2 1is believed to result from the
isolation of the shallow porticon of the lagoon where site S1 is
located (Eddy Creek). This probably reduces mixing, causing more
dilution of waters at 51 during periods of heavy rainfall. The
most dramatic change in salinities, a drop of 20 ppt, at S1 from
December to January, was due to heavy rains in late December and
early January.

Two peak periods of rainfall were observed, winter and early
summer. The influence of rain on salinity levels appears to
depend on the season. During winter, when rates of evaporation
were relatively low, salinity was markedly depressed by heavy
rainfall and did not recover rapidly. However, during summer, a
period of rapid evaporation, heavy rains did not depress salini-
ties to the same degree, nor for as long. Therefore, seasconality
and amount of rainfall markedly affected salinity levels and
fluctuations in the shallow water aystem studied.

The percentage of combustible organic material in surface
sediment at Il was more than five times greater than at 8t (22.6
vs 3.9%). With sample sizes of 9 and 8, respectively, this
difference is highly significant (Student's t,p < 0.001), There-
fore, the yearly accumulation of detrital material is assumed to
be much greater within the impoundment than in the shallow sea-
grass bed. Some of the detritus originating in the shallows may
ba transported from the seagrass beds and deposited in deeper
waters in the lagoon. Thomas (1974) found amounts of organic
carbon in the sediment of barrow pits and infrequently-dredged
portions of the intracoastal waterway to be 2 to 3 times higher
than the shallower seagrass beds. The percentage of net detrital
production exported to deeper water storage in the open lagoon is
not known.
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ATLANTIC OCEAN

Pigure 1. The northern Indian River and sampling loocationa; =
impoundment 1 (I1), = impoundment 2 (I2),

= ssagrass bed
1 (81), = seagrass bed 2 (82).
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Environmental Correlations

Table 3 shows correlations {Spearman Rank) of salinity,
median water temperature and standing crops of seagrass {S1 and
S2 only) to structural characteristics of fish community
(Schooley 1980). The strongest correlations existed between fish
standing crops and median water temperature, especlially at sites
I2 and S2.

Correlationa of community structure to salinity show a con=-
trasting pattern between the two impoundments. The number of
fish species found at Il, the low salinity site, was positively
correlated to salinity. Site I2 had much higher average salini-
tias to which monthly numbers of fish specles found were
negatively correlated. Standing crop of energy had a significant
(p < 0.05) positive correlation to salinity at I2, but almost no
correlation at site Il. The seagrass beds had no significant
correlations between fish community structure and salinity.

Sites S1 and S2 showed contrasting correlations between fish
community structure and seagrass standing crop. Site 52 had
significant (p < 0.05) positive correlations of species number
and standing crop of energy to seagrass standing crop. The
correlation of fish density to seagrass was highly positive, but
not statistically significant at S2. 1In contrast, site S1 had
very weak positive correlations of all three structural charac-
teristics to seagrass standing crop.

Primary Production

Estimates of net primary production for three sites are
presented in Tables 4 and 5. The ratio of mangrove production to
Chara production within the impoundements was approximately 4:1.
The Bbility to extrapolate from the estimates for Il to the
entire impounded marsh has not been demonstrated.

Zooplankton

Zooplankton collections (Tables 6, 7, 8 and 9) were divided
by quarters based on seasonal rainfall and air temperature pat-
ternas (Tables 2 and 3). Quarterly averages resulted in a reduc-
tion of temporal variations in standing crops of zooplankton,
causing sites to appear more similar. Since the zooplankton are
used to interpret braod community differences, this reduction in
information is not considered critical.

The impoundments were not significantly different from the
seagrass beds in terms of zooplankton abundance. Densities
varied greatly, but there was no pattern of both sites in one
habitat having higher or lower densities than the two sites from
the other habitat. The water column at site Il was dominated by
nematodes, except in midsummer when large swarms of calanoid
copepods appeared. Also in midsumwmer, caridean shrimp and
brachyuran larvae were reaching peak abundance at sites 32 and
S1, respectively (Table 9). Site I2 was characterized by the
sharp seasonality of calanoid copepods; densitles peaked in
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spring (Table 8) and dropped dramatically by midsummer (Table §).
In general, midsummer was a period of very low plankton standing
erop at I2 relative to the other sltes.

Quantitative comparisons of community structure did not show
distinctiveness between seagrass and lmpoundment zooplankton
communities when all taxa are included in the analysis (Table
10). Many of the taxonomic groups include benthic organisms that
become suspended in shallow waters by wind-mixing. A similarity
calculation was done exeluding nematodes, numerically dominant in
the plankton samples and abundant in the benthic meiofauna
{8chooley unpublished data). When nematodes were excluded, win-
ter {(December - February) and spring (March - May) showed higher
intra- than interhabitat similarity (Table 10}, In winter, high
aimilarity btetween the seagrass sites was largely due to caridean
ghrimp. In spring, both impoundments had high fractions of
calanoid copepods.

The seagrass sites were distinguished somewhat from the
impoundment sites by the greater densitities of caridean shrimp
and brachyuran larvae and were distinguished between themselves
on the seasoconality of these taxa. Caridean shrimp densities
peaked at S1 during winter and spring and at S2 in midsummer.
Brachyuran larvae were much denser at St than any other site;
densities peaked at S1 and 82 in midsummer, Sites St and 32 were
distinguished by consistent chaetognath populations.

Overall, spring was the period of peak plankton densities
for both impoundments. Densities in one seagrass bed peaked in
spring and the other in midsummer.
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Discussicon

Abiotic Factors

The controlling physical factor within the systems satudied
was the variation in solar radiation. This variation produced a
dynamic¢ balance among the influences of direct solar heating,
evaporation and precipitation in generating the daily physical-
chemical characteristics of the aquatic habitats studied. During
Winter, temperature depression was correlated with reductiocns in
structure and function of fish communities.

In the seagrass beds Jones et al. (1975) suggested a two-
season pattern for the resident fishes, During the warm/wet
season they hypothesized an inverse relationship between rain-
fall, which led t¢o lower salinities, and the number of species
occupyling the seagrass beds. Also hypothesized was that during
the cold/dry season, even though rainfall was decreasing and
salinity rising, the drop in water temperature resulted in a
further decline in the number of fish species. Schooley (1977)
demonstrated a bimodality in fish density and diversity in the
shallow water habitats of the northern Indian River and Mosquito
Lagoon. Because of their shallowness, these habitats may
experience appreciable thermal stress at midsummer and midwinter,
affecting residents and seaso¢nal recruits. The seagrass beds had
slight late-summer depressions in denaity followed by higher
levels in fall.

At I2, the correlations of salinity and temperature to filsh
community structural characteristics were unclear due to the
influence of marsh morphology. Small changes in water level can
have vast surface area affects within impounded marshes (Snelson
1976). With heavy rainfall, total marsh area may increase drama-
tically during the cocoler months, as at I2 in January. There-
fore, subsequent density measurements are lowered as a function
of the proximity of newly covered marsh for dispersal of the
standing crop. 8Similarly, during the warmer, dry months,
densitiea would increase as water evaperated from these shallows.
This could lead to a positive correlation of standing crop to
salinity. This theory may expalin the correlations at I2, but
density was not significantly correlated to mid-channel depth at
this site. The significance of this shift 1In ecological density
at I2 remains to be investigated. Similar phenomena were not
believed significant at the other three sites.

Day et al. (1973) found temporal patterns in a Louisiana
salt marsh and shallow estuarine system to be controlled by
bed. Subrahmanyam and Drake {1975) found no correlation of
abundance (numerical or biomass) to seasonal temperatures or
salinities in two north Florida salt marshes. However, several
taxa did show significant correlations to either temperature or
salinity.
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Seasonal succession 1n recruitment of Juveniles of several
species found in earlier studies of seagrass beds (Jones et al.
1975, Schooley 1977) was observed. A similar recruitment
sequence, expected in a marsh (Subrahmanyam and Drake 1975), did
not oceur in these impounded marshes. Some minor recruitment may
occur at pumping stations (Jack Salmela, personal communication)
when impoundment water levels are maintained with water from the
open lagoon.

Snelson (1976) concluded that the major factors controlling
spatial distribution of fishes in permanent impoundments were
salinity and vegetative cover. 3Salinity and vegetative cover
differed between the two impoundment sites studied; however,
salinity differences between Il and I2 would not appear to be
significant physiologically to the dominant atheriniform fishes.
Snelaon {(1976) and Gilmore et al. (1982) chracterized the
impoundments of the Indian River area as stressed environments to
which only a small group of species are adapted. During this
study, the impoundment sites did not appear any more "stressed",
in terms of fluctuations of salinity or temperature, than did
the shallow seagrass heds. However, due to the closed nature of
the habitat, specles in impoundments do not have a temperature
and/or salinity refugium $¢ which they can retreat when ¢ondi-
tions become too stressful. Thus, it appears that factors other
than environmental fluctuations, such as degreeof potential
recruitment and flushing of detritus, may be important to under-
standing differences between marsh and seagrass fish communities.

Bictic Fagqtors

According to Clark (1975), the most important biotic factor
controlling communities in Indian River aseagrass beds l1s seasonal
change 1in macrophyte standing crop. In spring and early summer,
seagrass beds provide greater habltat complexity and strongly
influence the physical, chemical and biological processes of the
entire system. In fall the seagrass beds, often carpeted with
diatoms, dlie-back, producing vast amounts of detritus resulting
in a pulse of organic carbon into the sediment about six weeks
later (Clark 1975). This seasonal pulse affect appears to be
characteristic of seagrassbed based ecosystems (Phillips 1960,
Odum 1967 and Phillips 1974).

Pulsing of detrital input was not observed in the impound-
ments., Pool et al. (1974) reported increased leaf-fall in the
rainy season in mangrove forests of south Florida. 1If thls is
true for impoundment mangroves in the Mosqulitoc Lagoon area,
maxium leaf-fall, on average, would occur in June, July and
August. The maximum standing crops of Chara occurred in December
and September at site I1 and Is, respectively. Based on this
limited information, but not synchroncusly. Mangrove litter is
assumed to produce a late-summer pulse of fine detrital
particles; winter die-backs of Chara, conversely, would produce a
spring pulse in utilizable organic material as temperature
inereases speed up bacterial and meiofaunal detrital processing.
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The amount of detritus produced in the impoundments appears
tc be greater than in the seagrass beds. Unfortunately, with
complete data from only one impoundment, the significancee of the
difference found is not known. Chara, which was found in dense
patches in various portions of the impoundments, contributed only
twenty percent of estimated net production. The productivity
eatimate for the impoundment mangroves at site Il (0.47 g.m~<.d~
1) is approximately the same level as those for mangrove scrub
forests at Turkey Polnt in southeast Florida (Pool et al. 1974).
This forest is about twenty-five percent as productive as basin
foreats of southern Florida, which have greater freshwater turn-
over than scrub mangrove forests.

Annual net production in the seagrass beds averaged 3,060
kJ.m'z.y'1 for sites S1 and S2. By comparison, using estimates
of above ground monthly standing arop for other seagrass beds in
the Indian River (Clark 1975; Eiseman et al. 1976) and performing
the same calculations and conversions, averages of annual net
seagrass production of 1,273 and 3,065 kJ.a~ .y" were derived.
Red and brown algae, which were not significant in the shallow
grassbeds at S1 and S2, did contribute to production in the
deeper sites studied by Clark (1975) and Eiseman et al. (1976).
Maximum minus minimuse standing erop was used as an estimate of
net production of algae (Steve Davis, personal communication).
Net production was converted to joules based on average calor-
imetrf values of phaeophytes and rhodophytes of 12.79 and 13.27
J.mg™' dry wt. respectively (Cummins and Wuycheck 1971). This
would add 279 kJ.m'a.y'1 due to red algae production to the 1,273
kJem=2,v=1 produced by seagrass in the area studied by Clark
(1975). Red algae are estimated to produce 783 kJ.m=2.y" ! and
brown algae 224 kJ.m=%.y~' for a total of 1.007 kJ.m~2.y~! in the
grassbeds studied by Eisman et al. (1976). 1In these two cases,
estimates of net seagrass production were 3 to 4.5 times that
eatimated for macroalgae production.

The Seagrass beds of this system are on the l1ow end of the
range of annual production for seagrass-hbased ecosystems.
Assuming 1 gC is equivalent to 42 kJ, production estimates 1in
kJ.m~2,v=1 for Zostera beds were B,943 and 5,280 in North
Carolina (Adams 1976b), 24,528 in Puget Sound (Phillips 1974)
and, for a Thalassia bed in the Caribbean, up to 122,640 (Thayer
et al. 1975).

Clark (1975) gave four nonexclusive hypotheses for reduced
production within seagrass beds for Mosquito Lagoon and the
northern Indian River. They were:

1. lack of appreclable currents, leading to localized
depletion of nutrients:

2. nutrient limitation due to sediament characteristies
(1.e. coarse sediments with less aurface area for
microbial regeneration of nutrients);
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3. seagrass lntolerance to low temperatures at the
northern limit of thelr range; and

q. carbonate limitation.

Production in both the impoundments and seagrass beds 1is
very low relative to similar syastems. The reduced circulation in
mangrove impoundments such as Il is believed to be partially
responsible for lowered mangrove prcduction., The frequency and
duration of winter freezes alsoc may be a significant factor.

Conclusion

The dramatic differences between the seagrass and impound-
ment fish communities (Schooley 1980) do not appear to result
from differences in salinity, water temperature, macrophyte pro-
duction or zooplankton abundance observed during this study.
These factors may control the structure of fish communities
through infrequent but dramatic changes (i.e. freezes, droughts,
hurricanes) which might influence one habitat more than the
other. But, they do not explain the large functional differences
between the two habitats, especially the higher (14 to 21 times)
fish production in the impoundments (Schooley 1980). To explain
these functional differences, we should focus attention on the
impact of primary production from epiphytes, microalgae and
plankton; structure of the benthic invertebrate community and
trophic dynamics of fish in each hablitat.
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Median water temperatures and average monthly air
temperatures during the sampling period;
minimum,

absolute

absolute maximum and temperature ranges from
submerged maximum/ minimum mercury thermometers.

Water Temp (°C)

Air Temp (°C)

Year & Month I1 I2 52 Cape Canaveral

1978 August ——— ———— 31.5 25.6
September 31.0 31.0 31.0 25.0
October 26.0 30.0 24,0 22.0
November 23.0 23.0 22.5 22.0
December 21.5 22.5 20.4 17.0

1979 January 15.0 15.0 ———- 15.0
February 16.4 16.8 17.5 15.0
March 18.5 19.3 18.5 18.0
April 24.0 25.5 24.5 22.8
May 27.5 27.0 ———— 23.9
June 29.0 31.5 29.0 26.7
July 20.5 33.0 o 28.3
August 31.0 31.3 ———— 27.2

Absolute minimum 6.0 8.0 8.0

Absolute maximum 39.0 37.5 39.0

Maximum monthly

range width 17.5 15.5 19.0

Average monthly

range width 14.7 10.8 15.3
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2. Salinity at each site and total rainfall at Cape

Canaveral.

Salinity (ppt)

Rainfall (mm)

Year & Month I1 I2 81 52 Cape Canaveral

1978 August 14 38 35 38 32
September 16 38 32 36 88
Qctober 17 36 38 36 56
Bovember 20 36 34 3y 16
December 28 38 38 38 103

1979 January 10 28 18 25 178
February 12 32 20 33 32
March 13 32 22 34 39
April 18 34 - 38 19
May 15 32 24 30 142
June 20 35 32 35 116
July 18 34 35 34 85
August 16 36 36 37 228

Mean (8/78-9/79) 16 34 30 34

Range 10-28 28-38 18-38 25-38
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Table 3. Correlations (Spearman Rank) of structural characteristics
of the fish communities found by Schooley (1980) with
monthly salinity, median water temperature and seagrass
density (St and S2 only); *®* = (p < 0.05); #®®% z p < 0.01);
N = 12.

Site Structural Salinity Median Water Seagrass

Characteristics Temperatures Density
Number cf Fish Species 0.53 0.65%
Il Fish Density -0.02 0.40
Fish Standing Crop-Energy 0.a7 0.52
Number of Fish Species -0.40 ~0.48
I2 Fish Density 0.32 0.T0O%*
Fish Standing Crop-Energy g.58+ 0.83n»
Number of Fish Species 0.36 0.32 0.11
S1  Fish Density -0.33 0.33 0.04
Fish Standing Crop=Energy 0.27 D.5G%# 0.24
Number of Fish Species 0.20 0.49 0.68%
52 Fish Density 0.15 0.68¢ 0.45

Fish Standing Crop=Energy 0.32 0.T2%* 0.68%
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Table 4. Net primary production entering the aquatic system at
site I1; units given for each value, numbers in
parentheses are one standard error, N = sample size.

Site Il

Mangrove
Leaf area index 1.66 (0.47), N = 50
Leaf weight/leaf area (g/m?) 180 (51), N = 10
Net production as litter into T463
the aquatic system (kJ.m=2.y=1)
Percentage of marsh covered 46%
by mangroves
Net Production (kJ.m=2.y=1) 3433

Chara
Maximum standing crop (g/m?) 63.98 (51.66}, N = 5
Minimum standing erop (g/m?) 0.0, N =5
Net production in open 1648 (1331)
water (kJ.m=2.y~1)
Percentage of open water 53%
Net Productiocn (kJ.m=2.y=1) 873 (705)
Total marsh net production 4306

(kj.m=2.y-1)
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Table 5.
sites S1 and S2;

error, N =z sample size.

Net primary production and standing crops of seagrasses at
numbers in parentheses are one standard

s1

52

Maximum standing crop (g/m?)

Minimum Standing crop (g/m2)

Net Production (kJ.m-2.y-1)

75.83 (2%.37),

N=25
12,11 (4.4),
N =25
2413 (387)

116.5 (20.14)
N =5

8.7“ (6!34)’
N =25

3707 (320)




159

Table 6. Mean standing crop of zooplankton (number per cubic meter),
September to November 1978 at each sampling site.

Taxa Il I2 S1 52
Cnidarians -ame- 1.6 0.2 1.0
Nematodes 21.0 0.8 0.5 2.8
Polychaetes 0.3 0.6 0.8 0.3
Gastropoeds 2.0 0.2 -——— ———
Bivalves 0.2 ——— -—— 0.6
Ostracods 12.0 0.2 0.2 2.7
Copepod larvae - —— 0.7 ———
Calancid copepods 01.0 1.0 1.7 5.6
Cyclopoid ccopepods ——— - 0.2 0.3
Harpacticoid copepods - 0.2 1.0 1.0
Cypris larvae ————— - 0.2 -
Mysids ——— - 0.2 -——
Amphipods 0.5 - - _——
Caridean shrimp 1.2 0.4 2.0 15.1
Brachyuran larvae 0.2 0.2 1.0 1.0
Larvaceans ce=- -——- 3.3 -——
Chaetognaths —-——— 0.2 0.2 2.1
Other taxa 1.6 -—— 0.8 0.7
Total 40.0 5.1 12.3 33.2
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Table 7. Mean standing crop of zooplankton (number per cubic meter),
December 1978 to February 1979 at each sampling site.

Taxa I1 I2 81 52
Cnidarians - .- ——— 0.6
Ctenophores - - 0.1 1.9
Nema todes 183.0 6.1 25.5 13.0
Polychaetes 0.2 2.7 1.0 1.0
Gastropods 1.4 —— == P
Bivalves —— -—— 1.1 0.7
Ostracods 1.6 0.2 8.8 3.5
Calanoid copepods .6 85.0 8.8 9.1
Cyclopoid copepods 1.2 0.3 2.1 0.4
Harpacticoid copepods 2.4 1.9 1.7 1.0
Cypris larvae - - - 0.1
Mysids - - 0.7 —-———
Cumaceans -——- 0.2 0.3 0.3
Iscpoda 0.2 0.2 3.9 5.7
Amphipods -——— 3.9 1.1
Caridean shrimp 0.4 1.1 73.4 33.9
Brachyuran larvae -——— -—— 0.5 0.1
Pyecnogonids —— —-_—— 0.1 0.1
Hemipteran exoskeleton 0.4 4.0 - 0.7
Mosquito larvae - 2.2 - o=
Chaetognaths - - 0.7 1.0
Fiah eggs - 1.3 0.1 -——
Fish larvae -——- 0.8 1.0 0.3
Other taxa 3.0 0.1 0.1 0.4

Total 197.9 107.6 134.0

-3
=
.
[=]
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Table 8. Mean standing crop of zooplankton (number per cubic meter),
March to May 1979 at each sampling site.

Taxa Il 12 S1 s2
Cnidarjians 1.1 2-8 - 0.6
Ctenophores - - 0.01 15.7
Nematodes 282.3 15.7 17.6 34,0
Polychaetes 1.4 1.4 0.6 1.1
Gastropods 0.3 0.6 0.2 5.7
Bivalves -—— 0.2 1.1 0.8
Ostracods 1.1 0.8 4.6 1.9
Copepod larvae 1.0 - —_——— ——
Calanold copepods 37.1 152.8 56.4 2.7
Cyclopoid copepods 5.0 0.3 - -
Harpacticoid 6.4 1.7 0.9 3.5
Isopods —-—— 0.3 0.5 1.4
Amphipods 0.6 0.6 0.6 1.1
Caridean shrimp 3.0 3.3 51.9 25.8
Brachyuran larvae 0.3 1.9 43,7 2.4
Chaetognaths —— == 3.9 0.2
Fish egas - —_——— 0.2 -
Fish larvae - g.2 1.7 0.6
Other taxa 0.3 1.9 0.2 0.8
Total 339.9 184.5 184 .4 98.3
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Table 9. Mean standing crop of zooplankton {number per cubic meter),
June to August 1979 at each sampling site.

Taxa Il 12 s1 32
Cnidarians -—— -——— 0.3 2.7
Ctenophores -—— —— 9.1 0.2
Nematodes 48. 4 4.7 21.2 27.8
Polychaetes -—— - 0.9 2.0
Gastropods - -——— 1.4 1.7
Ostracods 1.3 —— 4.6 3.0
Copepod larvae 0.8 —_—— 0.2 0.2
Calanoid copepods 127.8 8.6 16.5 133.6
Cyclopoid copepods 1.1 - 0.8 0.5
Harpacticoid copepods 2.4 0.5 4,1 9.9
Isopods - -—-- 1.6 7-5
Amphipods 0.2 0.3 ——— 1.3
Caridean shrimp 3.5 0.2 14.8 6U.6
Brachyuran larvae 3.3 .7 69.3 4.1
Hemipteran exoskeletons ——— 1.1 —-——— -———
Chaetognaths - —— 0.5 3.8
Fish eggs - - 12.3 -
Fish larvae - —-——— 1.1 0.9
Other taxa 0.03 0.4 1.1 1.8

Total 188.7 20.5 159.8 265.3
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10. Seasonal comparisons of percent similarity of zooplankton
communities.

Year & Month

Salinity (ppt)

Rainfall (mm)

I1 I2 81 82 Cape Canaveral
1978 August 14 38 35 38 32
Septenmber 16 38 32 36 88
October 17 36 38 36 56
November 20 36 34 34 16
December 28 38 38 38 103
1979 January 10 28 18 25 178
February 12 32 20 33 32
March 13 32 22 34 39
April 18 34 - 38 19
May 15 32 24 30 142
June 20 35 32 35 116
July 18 34 35 34 85
August 16 36 36 37 228
Mean (8/78 - 9/79) 16 34 30 34
Range 10-28 28-38 18.38 25-38
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THE SOCIQECONOMIC IMPACT OF KINGS BAY NAVAL BASE
ON THE COMMERCIAL AND NONCOMMERCIAL FISHERIES
OF CAMDEN COUNTY, GEORGIA

Mary Margaret Qverbey

Analyzing the impact of large-scale develoment projects on
coastal communities entails consideration of the productivity of
the local environment, the human use patterns of exploiting local
resources, and the adverse effects of the construction, operation
and incoming population on these activities. This case study
examinesg the impact of a newly constructed nuclear submarine base
on a rural, coastal community -- Camden County, Georgia. 1In this
situation, the dependence of Camden County residents on a produc-
tive estuary competes with the national security needs of the
United States Navy to utilize the estuary for submarine traffic.

This paper addresses some of the adverse impacts of base
construction, operation and the associated influx of naval per-
sonnel on the productivity of the estuary on which commercial and
noncommercial fishermen rely. The paper is based on research
results gathered through field research conducted from 1979
through 1980 and literature research. Field research entailed
residence and participant observation by the author of base
development and community life in Camden County for 13 months.
Research methods included formal interviews with a systematic
sample of community residents, formal interviews with a sample of
naval personnel, informal interviews with both community resi-
dents and naval personnel, tape recorded life histories of
selected community residents, and historical literature research.
The Department of the Navy's own environmental impact assessments
of the biological impacts of base development on the provide the
context for analyzing the impact of base development on the
biological productivity of the estuary. The research on which
this paper is based was funded by the National Science Foundation
and Florida Sea Grant.

As a requirement of the National Environmental Policy Act
(NEPA) of 1969, environmental impact assessments were conducted
by the Navy in 1976 for the initial phase of base development
(Department of the Navy 1977 a, b) and in 1979 for expansion of
the base to accommodate the Trident nuclear submarines (Depart-
ment of the Navy 1980 a, b).

While environmental impact assessments are required by NEPA
to address the social and economic consequences of development,
they typically consider the economic conseqguences, in terms of
demographics or revenues, more fully than the social consegquences

Department of Anthropology, University of Florida, Gainesville,
Florida.
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{Finsterbusch 1980; Little 1977; West 1975). The environmental
. impact. assessments conducted by the Navy exemplify this tendency.
Furthermore, Navy's environmental impact assessments concentrate
on the economic impact of base development on a seven-county
region, the "Kings Bay Region", and neglect the social and eco-
nomic consequences of base development on the primary impact
community, Camden County.

Camden County, located on the coastal strand of southeastern
Georgia, is bounded on the east by the Atlantic Ocean, on the
south by the St. Marys River, and on the north by the Little
Satilla River (Figure 1l.). The Navy is developing the base at
Kings Bay, located eight miles up the Cumberland Sound from the
St. Marys Entrance, the main access point to the Atlantic (Figure
2.). Initially designed to accommodate a fleet of Poseidon
submarines originally based in Rota, Spain, the base is being
further developed to provide a strategic east coast site for the
deployment of the Trident nuclear submarines. Kings Bay will be
the east coast counterpart to the Trident base in Bangor,
Washington.

Development of the base entailed the immediate placement of
4,300 naval personnel and their dependents in Camden County from
1979 to 1981, the population associated with the operation of the
Poseidon submarine fleet. The Navy refers to this phase of
development as the T-1 phase. Plans further include development
of the base for the Trident nuclear submarine complex. Between
1982 and 1998, an additional 25,000 naval personnel and depen-
dents are expected to relocate at Kings Bay. The Navy refers to
this phase of development as A-1l.

The initial incoming population of 4,300 naval personnel and
dependents is greater than any of the existing towns in the
county and will increase the original county population by 34
percent. The projected additional population of 25,000 required
for the A-1 phase will increase the original county population by
over 200 percent. By any definition, the impact is one of boom
town proportions. -

Camden County and the Barrier Island Region

A suitable regional definition for the area surrounding
Camden County is one based on a common economic base and shared
geographical, historical, and social characteristics. This
region,termed the Barrier Island Region (Overbey 1982), includes
the coastal area from Fernandina, Florida, to Charleston, South
Carolina. The most striking feature of the region is the chain
of barrier islands that separate the mainland from the Atlantic
Ocean and allow the development of an extensive marsh estuary.

The existence of barrier islands precludes the development
of beaches on the mainland, limiting the resort potential of
these areas. The mainland areas have, for the most part,
remained poor and rural. Fernandina, Brunswick, Savannah and
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Charleston are the only significant cities and these are
associated with the developed resort islands of Amelia, St.
Simons, Jekyll and Hilton Head. The barrier islands themselves
have historically been controlled by a few large landholders
since the late 1700s. Throughout the 1800-1900s, entire islands
were owned by wealthy families. Cumberland Island, the barrier
island situated off the Camden County mainland, was owned by
Rathaniel Greene in the 1800s and was later purchased by the
industrialist Andrew Carnegie in 1881.

In the 20th century, the barrier islands that had been
controlled by single-family estates were gradually transferred to
state or federal controcl. There were exceptions to this pattern,
for example, on St. Simons Island, the large estates were dis-
mantled during Reconstruction. The island was divided intc smal-
ler holdings which were more easily acquired by post-World War II
developers.

Alsc diagnostic of the Barrier Island Region is a common
economic base, The forest industries, with associated pulp and
paper mills, dominate the regional economy. In the mainland
towns of Fernandina, St. Marys, Brunswick, Savannah and
Charleston, there are one or more paper mills situated on adja-
cent rivers. The pulpwood and paper mill operations provide the
majority of industrial employment in the Barrier Island Region.

In Camden County, for instance, the Gilman Paper Company as of
1978 employed 70 percent of the county work force (CAPDC 1978: 6).

The second traditional source of employment in the region is
the fishing industry. The primary fisheries are shrimp, crab and
finfish, Fishing firms tend to be family-owned, particularly in
the smaller towns. Fishing is pursued by both blacks and whites,
and is the preferred employment by those who value the indepen-
dence of self-employment. For commercial fisherman in the
Barrier Island Region, fishing is synonymous with shrimping. The
increasing value of shrimp on the market since 1920 has induced
most commercial fishermen to pursue shrimp exclusively. This has
resulted in a lack of diversity for coastal fishermen.

The rural nature of the Barrier Island Region reveals simi-
lar social characteristics. The church is the most important
social institution, with residents' social activities revolving
around church-related functions. Residents are strongly oriented
to marriage and family. Extensive kinship ties among the resi-
dents impart a highly personalistic atmosphere to community life
in the region.

The final characteristic defining the Barrier Island Region
is historical. This was the "debtable land", contested by Spain
and Britain throughout the late 1600s and early 1700s (Bolton and
Ross 1968). The strategic significance of the region was evident
from the beginning of Spanish and British colonization and con-
tinues to the prsent. The area figured prominently in military
campaigns in the American Revolution and the Civil War.
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Today the region is the site of the U.S. Navy installations
at Charleston, St. Marys and Jacksonville, and a U.S. Army base
near Savannah. During the past several decades, other military
installations were established in the region including a World
War II pilot training base at Harris Neck in McIntosh County,
Georgia; a naval air station at Brunswick in the 1960s; and an
Army loading dock facility at Kings Bay during the 1950s.
(Overbey 1982).

Land Use Patterns

The low-lying coastal region is marked by an extensive salt
marsh system and is cross-cut by rivers, inlets and estuaries
that provide a productive environment for commercial and noncom-
mercial finfish and shellfish species. "Estuary" by definition
refers to "...a semi-enclosed coastal body of water having a free
connection with the open sea and within which the sea water is
measurably diluted with fresh water deriving from land drainage."
(Smith 1964: vii). The "estuarine zone" refers to those transi-
tional areas surrounding the estuary. Along the Barrier Island
Region, the estuarine zone encompasses that area of the waters
lying between the barrier islands and the mainland. For Camden
County, "estuary" will refer to the estuarine zone and be termed
the Cumberland Sound estuarine complex.

In Camden County, the estuary and associated wetlands com-
prise 19 percent of the county's land area. Only 15 percent of
the county is developed, and, as of 1979, Camden County's popula-
tion of 12,500 resided here among three small towns and the rural
area. The remaining 56 percent of the land area is controlled by
private industry and state and federal agencies. Forty-four
percent of the 56 percent is owned by five pulp and paper com-
panies, and 12 percent is held by the Department of Defense
(Department of the Navy), the Department of the Interior
(Naticnal Park Service), and the State of Georgia (Figure 3.).

As a result, the residents of Camden County have little control
over local land use and are limited in their ability to initiate
development.

The economic activities on the Cumberland Sound estuarine
complex, and therefore particularly susceptible to disruption by
base development, are the commercial and noncommercial fisheries
of Camden County. The estuary is a fertile, productive system
that supports and spawns a chain of marine life that is vital to
the commercial and noncommercial fisheries {(Johnson et al. 1974).
"At least 65 percent of our nation's commercial fish and shell-
fish and marine sport species inhabit the estuarine environment
during all or part of their life cycle” (Smith 1%64: wvii). The
estuary and associated marine life maintain a delicate balance
which can be upset by dredging, dredge spoil disposal, oil spills
and other pollutants (Georgia Department of Natural Resources
1975) as well as overexploitation by incoming populations--all
impacts associated with naval base development of Kings Bay
(Overbey 1982).
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(1979: Map 5).
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Commercial Fishing

- Commercial fishing along the Georgia coast is dominated by
the pursuit of shrimp. While the fishery includes the harvesting
of blue crab as well as finfish such as shad, whiting, flounder,
grouper, spot, seabass, seatrout, red snapper, and croaker ,
these species are considered incidental tco shrimp. The depen-
dence on shrimp is influenced by the value it yields. For
instance, in 1978 shrimp comprised only 33 percent of the total
landings but accounted for 81 percent of the total value
{(Department of Commerce 1978).

This emphasis on shrimp is alsoc evident in Camden County.
One shrimper, for instance, referred to finfish and some crab
that are brought up with the shrimp in the nets as "trash fish",
inedible species that are considered to be of little or no
economic value. These trash fish include small croaker, weak-
fish, and some crab. Landings of shrimp in Camden County in 1979
comprised only 36 percent of the total pounds, but accounted for
86 percent of the total value (Department of Commerce 1979).

Commercial fishing in Camden County can be described as a
small-scale fishing activity. Work units are small; boats are
less than 80 feet; fishing 1is usually pursued in inshore waters
and trips last less than a week; harbors are small; boats are
owened individually or jointly; fishermen feel attached to their
community; and much of the fishing venture is based on family
relations and personal ties (Baks and Postel-Coster 1977: 24),
The fishing industry in Camden County consists of family-based
firms with docking and packaging facilities located on the St.
Marys River in downtown St. Marys and the Satilla River in
Woodbine, as well as a number of independent shrimpers who own
their own boats and often use these local docks. In 1979, com-
mercial shrimp boats numbered 47 and commercial shrimpers num-
bered 134 (Department of Commerce 1979).

Camden County shrimpers are well integrated into the com-
munity and are not the marginal individuals depicted by many
maritime studies (Smith 1977). The close ties that shrimpers
maintain with their community are evident in their preference for
short-term shrimping trips and their involvement in community
activities. One black shrimper also was a pastor of the Church
of God. Another shrimper was elected city councilman in St.
Marys, and his son, also a shrimper, was elected mayor of St.
Marys. Interviews with community residents and observation by
the author suggest a reason for the relatively high standing of
shrimpers in the community: they exemplify the community ideals
of independence, hard work and self-sufficiency (Overbey 1982).

Noncommercial Fishing

The lifestyle of local residents reflects the rural and
coastal nature of Camden County. Common outdoor activities
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include fishing,hunting and gardening. Field investigation re-~-
vealed the significance of these activities. The pervasiveness
of fishing, hunting and gardening was first indicated by the
presence of freezers in almost every household for storing fish,
meat, fruits and vegetables. Interviews with a systematic sample
of county households in the summers of 1979 and 1980 revealed the
nature and extent of these activities as well as the impact of
base development on these activities during the first year of
base operations. Of concern here is the fishing activity.

Analysis of the interview data from the 1979 survey reveals
that 68 percent of the residents fish; and of those, 97 percent
fish in salt water, 57 percent in fresh water, and 53 percent in
salt and fresh water. As expected in an estuarine system, the
distinction between salt water fishing and fresh water fishing is
somewhat blurred. Thus the salt and fresh water category was a
common response,

Species most commonly caught are shrimp, mullet and crab.,
The most common techniques employed are cast nets and crab traps

or pots. Some species such as seatrout are caught by hook and
line,

Ninety-four percent of the fishermen fish within the county.
Popular fishing areas include the Satilla, Crooked and St. Marys
Rivers, Cumberland Sound, and the socuth jetties of Cumberland
Island. Kings Bay, now closed to fishing for local residents,
was formerly a favorite fishing spot.

The majority of residents fish for home consumption.
Ninety-seven percent of the fishermen eat their catch or share it
with others. Surplus fish are distributed directly to relatives,
friends and "those in need"”. Large catches are often shared with
friends through fish fries.

The intensity of fishing by residents is revealed by the
amount of time expended in its pursuit. Forty-one percent of the
fishermen fish as least every two weeks or more often., Twenty-
four percent fish once a month, and 27 percent fish between once
a year and four times a year.

The noncommercial fishing activity of Camden County resi-
dents appear to be a supplemental subsistence activity rather
than merely a recreational activity. Pishing is pursued for the
purpose of obtaining food for home consumption and excess fish is
shared with other households so that there is no waste. Since
fishing does not constitute the sole source of a household's
income, it is a supplemental subsistence activity that supple-
ments the income and diet needs of the household.

There is an historic precedent to pursuing the activities of
fishing, hunting and gardening to supplement the household diet
and income. One elderly resident of St. Marys recalled that
traditionally each household in town raised its own vegetables,
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kept its own chickens for meat and eggs, cows for milk, and pigs
for pork. Photographs.taken in the early 1900s and presently
available at the Georgia Department of Achive and history depict
cows and chickens racing freely in the streets of St. Marys
(Overbey 1982) When the economy was depressed, households

would exchange items or sell excess foodstuffs. In the early
1900s, this resident harvested and sold oysters for 10 cents a
quart or 5 to 6 cents a pint, and made cast nets to catch shrimp
to sell for 10 cents a quart or three guarts for a quarter to
contribute to the family's income. (Overbey 1982},

The Impact of Base Development

A study with striking parallels to Camden County is Baks and
Postel-Coster's (1977) analysis of the impact of industrial
development associated with offshore oil drilling on traditional
fishing communities on the Scottish east coast. Development of
the o0il industry along the coast, begun in the 1960s and 1970s
with the encouragement of the government, was expected to bring
employment and wealth to Scotland directly and to stimulate
further economic growth with its operational demands for secon-
dary service industries. The fishing industry was expected to
decline as fishermen sought jobs with the o0il companies. This
predicition proved erroneous, however, as the fishermen continued
to fish (baks and Postel-Coster 1977).

The operation and expansion of the o0il industry along the
Scottish east coast, however, has produced concern among fisher-
men. Access to developed fishing harbors, congested@ by oil
tankers, may be restricted for the smaller fishing boats.
Offshore drilling debris left on the sea floor can damage fishing
nets. Pollution resulting from oil spills or other operational
accidents can endanger the fishing grounds (Baks and Postel-
Coster 1977). '

Befu (1980) reports a similar situation for the fisghing
villages along the Inland Sea of Japan. Originally, the Inland
Sea coast was a string of fishing communities, a "maritime
treasure...as well as the most scenic area of Japan" (Befu 1980)
Extensive industrial development of the Inland Sea coast,
encouraged by the government since World War II, has disrupted
the fishing habitats, restricted the fishing territories of local
fishermen, and polluted the waters, rendering the fish inedible
(Befu 1980).

The major impact of naval base development at Kings Bay on
the commercial and noncommercial fisheries of Camden County will
result from the dredging of the channels and the disposal of
dredged materials or spoil to allow submarines and other naval
craft ocean acess and maneuverability. The channels to be
dredged are the St. Marys Entrance, interior channels located
between the Entrance and Cumberland Sound. The Kings Bay basin
will also be dredged.
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. . The St. Marys Entrance will be dredge cut 11 feet and
widened 100 feet; the interior.channels will be dredge cut 10
feet and widened 100 feet; Cumberland Sound will be dredge cut 10
feet and widened 200 feet; and the Kings Bay basin will be dredge
cut 10 feet and widened accordingly (Department of the Navy
1977a, 1980a). The dredging associated with the T-1 phase of
developoment has disrupted 1103 acres of estuarine bottom, re-
moved 6.7 acres of marsh, and produced 13.5 million cubic yards
of spoil (Department of the Navy 1977a). The dredging associated
with the A-1 phase of development will disrupt an additional 333
acres of bottom, 49 acres of tidal wetlands, and will produce
20.5 million cubic yards of spoil (department of the Navy 1980a.

Further, base cperation requires continued maintenance
dredging due to the high sedimentation rates of the basin and
channels (Department of the Nawvy 1977b; 1980b). Maintenance
dredging will be necessary to keep the channels and basin clear
for submarine traffic. Although no estimates are given for the
amount of estuarine bottom to be affected by T-1 maintenance
dredging, the amount estimated for A-1 maintenance dredging is
500,000 cubic yards per year (Department of the Navy 1980a.

The dredge spoil from base development and operation has been
desposited in three areas: diked upland areas located on the
naval base; along beaches as a part of beach "nourishment"
programs; and in open water at an offshore dumping site.

The dredging and dredge spoil disposal will diminish the
productivity of the Cumberland Sound estuarine complex and dis-
rupt the habitat and life cycle of species upon which the com-
mercial and noncommercial fisheries depend. While limited
dredging can release nutrients and stimulate productivity of the
estuary, the nature of the dredging associated with construction
and operation of Kings Bay naval base will not have this benefi~
cial effect (Department of the Navy 1977b).

Dredging of navigation channels increases the amount of sea
water entering the estuary, affects circulation patterns and
exchange rates of ocean, estuarine and fresh waters, and changes
the estuarine temperature (Kutkuhn 1964). Dredging can interrupt
the normal pathways of energy flow. Channeling of tidal currents
changes the mechanism whereby incoming food sources from the
ocean and outgoing food sources from fresh water streams and
rivers are transported in the estuary (Copeland and Dickens
1974).

The dredging changes the bottom sediments to a soft tecture,
destroys marine plant and animal life within the dredged area,
creates turbidity and siltation, releases toxic substances from
disturbed sediments (in this case largely pulp mill wastes), and
produces a low dissolved oxygen level in the estuary. While the
estuarine plant and animal life would normally reegtablish itself
once the construction dredging was completed and the bottom sedi-
ments resettled, thus mitigating adverse effects, the maintenance
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. dredging and submarine traffic will continuously disturb the
. bottom rendering the area uninhabitable for marine life on a
iong-term basis. Submarine traffic would effectively "re-dredge"
the estuary with each passage {Department of the Navy 1977b}.

The dredge spoil deposited in the diked upland areas on the
naval base is suspectible to erosion and runoff which can result
in dredge spoil effluent. Spoil effluent increases oxygen demand
and may produce fish kills in Kings Bay. Toxic materials such as
heavy metals and pulp mill pollutants that are present in the
bottom sediments of Kings Bay may reenter the bay as part of the
dredge spoil effluent and affect the chain of marine life.
{Department of the Navy 1977b).

Other aspects of naval base development affecting the
estuary and commercial and noncommercial fish and shellfish
species are the potential for oil spills and other pollutants and
nuclear contamination. Oil contamination is regarded as an
inevitable consequence of the restricted channel and increased
submarine traffic (Department of the Navy 1977b). While the Navy
maintains an emergency plan for controlling oil spills, the
severity of the spill will be governed by the location of the
spill, the amount and type of oil involved, and the tidal level.
In the event of a spill, the effects ib estuarine plant and
animal life would be detrimental {Warren 1971). Other estuarine
pellutants include increased o0il, grease, and metals from storm-
water runoff in the base support area, copper used in paints and
other toxic substances from waterfront operations, and pesticides
for the control of mosquitoes and other biting insects from
runoff or drift (Department of the Navy 1980Db).

The pctential for nuclear contamination of the estuary 1is
dismissed by the Navy due to the construction and design of the
submarines and missiles and the safety precautions practiced by
naval personnel (Department of the Navy 1%77a). In fact, the
nuclear aspect of base development is only briefly addressed in
the 1977 Draft Environmental Impact Statement under the topic of
"Operation Impacts" (Department of the Navy 1977b). There are,
however, three potential sources of radiation: shipboard
reactors, nuclear warheads and nuclear waste (Overbey 1982).

The Navy conducts environmental monitoring and notes that
the total amount of nuclear radiation released into harbors and
seas within 12 miles of shore at which nuclear submarines and
ships visited, ported and based from 1972 to 1976 has been less
than 0,002 curie each year (Department of the Navy 1977a). Some
authorities, however, argue that even very low levels of radia-
tion can have subtle adverse effects on marine life (Wolfe 1974;
Rice and Baptist 1974; Wilber 1969). According to Wolfe (1974),
the introduction of radioactive wastes into estuaries could alter
the environment in four ways: "(1) somatic damage (including
death) of estuarine biocta; (2) increase in genetic mutation rates
of population; {3) increase in growth rate and maximum size of
organisms; {and) (4) reorientation of human uses of estuaries”.
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Low levels of radiation may disrupt human use of the
estuary, particularly fishing and recreational activities, such
as swimming, boating and water skiing (Rice and Baptist 1974:
Wilber 1969). Sources of radiation may disrupt human exploita-
tion of the estuary out of propertion to the actual levels of
contamination if the local population perceives a health hazard.
One Camden County resident who fished locally in 1979 stated a
year later that he only fished outside the county. The resident,
a Navy veteran, expressed concern about possible nuclear contami-
nation: "I hope tha Navy doesn't poison the area with nuclear
waste"” (Overbey 1982).

The Implications for Commercial Fishing

Can commercial fishermen adapt to the changes wrought by
naval base development? An important consideration in this
respect is the historic adaptation of shrimpers to the distrup-
tion of the estuary posed by the operation of the pulp and paper
mill along the North River in St. Marys. From 1941, when pulp
and paper production began, until 1972, when a filtering system
was completed, the mill dumped untreated wastes into the North
River. By 1955, shrimpers complained that the mill's pollution
had destroyed their inshore-based business and that fish tasted
like kerosene or turpentine (Fallows 1971). Shrimpers adapted by
extending their range of shrimping to areas north and south of
Camden County along the Atlantic Coast and to the Gulf of Mexico,
while maintaining their local base of operations. This migration
was aided by technological innovations: boats became larger
(from 20 feet to 60 feet in length); refrigeration for storing
shrimp for longer periocds of time and electronic equipment for
locating shrimp became common (Overbey 1982).

Shrimpers are flexible and could adapt to the impacts of
base development in two different ways: (1)} by abandoning Camden
County as their home port and moving elsewhere; or (2) by re-
maining in Camden County but concentrating on long-distance
shrimping. Abandoning Camden County would be the most disruptive
move for shrimpers becuase it would sever their ties to the
community. Shrimpers are well integrated into the community and
retain historical family ties. Even in the most adverse condi-
tions, shrimpers have maintained Camden County as their home port
because it is "home" (Overbey 1982).

Shrimpers would most likely remain in Camden County and
extend the range of their shrimping. This would continue the
pattern of shrimping adopted in the 1950s. If the local situa-
tion were particularly difficult, shrimpers would again establish
temporary ports from which to operate as they had previously.

The difficulties inherent in this approcach are predictable, stem-
ming from problems already familiar to shrimpers. The costs of
shrimping fuel, boats, equipment and taxes, have so increased as
to make long-distance shrimping practically infeasible.
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The increasing costs of shrimping will require shrimpers to
remain closer to home port. There are limitations to shrimping
nearby, however. As of 1978, Georgia's Department of Natural
Resources indefinitely closed the sounds to commercial shrimping
with the hope of increasing the yield of shrimp in the ocean by
allowing a maximum number to develop in the estuary.

The closure, although designed to benefit commercial
shrimpers, is widely perceived as more directly benefiting bait
shrimpers and local resident fishermen since bait shrimping is
legal in the sounds. Commercial shrimpers claim that many bair
shrimpers catch more shrimp than the amount allowed by state law
and sell their catch at a reduced price from door to door.
Illegal bait shrimping and peddling are the reasons that one
shrimper gave for not operating a retail outlet from his busi-
ness. Illegal peddlers were able to sell their shrimp for $1.00
a pound, undercutting his retail price of $3.00 a pound (Overbey
1982).

Another factor limiting the ability of commercial shrimpers
to shrimp locally is a restriction on beach trawling intended to
protect spawning shrimp. Presently, shrimpers can trawl the
beaches of the Georgia barrier island only during the season,
approximately June through December. At other times of the year,
trawling within one mile of the beaches is illegal.

Camden County shrimpers rely heavily on the in-season trawl-
ing along Cumberland Island. An attempt by the National Park
Service in 1980 to acquire additional land on and around Cumber-
land Island, however, threatened to eliminate the "good shrimping
grounds" along Cumberland Island's beaches. The acquisition plan
included 4,000 acres of private land, 700 acres of federally
owned land and 14,000 acres of state-owned beach, marsh, and
tidal creeks (Respess 1980, Southeast Georgian 1980). Local oppo-
sition to this move wag strong because residents feared the loss
of rights to utilize these areas for fishing, boating and
recreation.

The Implications for Noncommercial Fishing

Local noncommercial fishermen, who are more directly depen-
dent on the productivity of the estuary than the far-ranging
commercial fishermen, will suffer the greatest impact from base
development. Local competition for estuarine resources already
exists between noncommercial and commercial fishermen in Camden
County, with commercial fishermen ceoncerned that noncommercial
fishermen are taking smaller shrimp that would normally grow and
migrate to trawable waters outside the sound. The situation will
be exacerbated by diminished estuarine resources and the addition
of a new faction, those noncommercial fishermen among the
incoming population of naval personnel.

A small sample of 26 naval perscnnel who resided in Camden
County were interviewed in the summer of 1980 at Kings Bay naval
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base, with the permission of the Navy. Sixty-six percent of the
sample said they fish, and of these, 67 percent fish within
Camden County. Fifty-two percent fish every two weeks or more
often. While 83 percent of the naval personnel who fish eat
their catch, 17 percent throw back the fish they catch. None of
the naval personnel give away or share their catch with others.

Among naval personnel, fishing is pursued mainly for pleasure
(Overbey 1982).

Heavy participation of naval personnel in fishing activities
suggests potential conflicts for scarce and diminishing estuarine
resources in the future, particularly if the level of fishing
evident in the sample is representative of the incoming naval
population as a whole. Sixty-six percent of the 25,000 addi-
tional naval personnel practicing recreational fishing locally
signals dire consequences for the commercial and noncommercial
fisheries.

Changes in the noncommercial fishing behavior of Camden
County residents were evident within the first year of base oper-
ation. The proportion of respondents that fish declined from 68
percent in 1979 to 56 percent in 1980. This change in fishing
practices was analyzed with the McNemar Test for Correlated
Proportions (Mendenhall, et al 1974) to determine the probability
of such a decline occurring by chance alone. The McNemar test is
a variation of the chisquare test designed specifically for panel
surveys. Because the same households interviewed in 1979 were
interviewed again in 1980, the responses recorded in the two
surveys are not independent; the respondents' behavior in the
second survey is logically related to the behavior recorded the
year before. The McNemar test assesses the significance of
change between such dependent variables {(Mendenhall, et al 1974;
Thomas 1976). The result was significant at a probability lewvel
of .01, indicating that a significant, nonrandom decrease in
fishing occurred during the first year of base operation {Overbey
1982).

The intensity of fishing and the consumption patterns re-
mained the same, with 44 percent of the fishermen fishing every
two weeks or more often, and 92 percent sharing their catch with
others. One woman complained, however, that the fishing was
worse in 1980 now that more residents were posting their pro-
perty. This concern over trespassers and the posting of land is
a recent phenomenon that appears to be related to the influx of
naval personnel.

Concluding Remarks

As we have seen, in order to fully assess the impact of
large—-scale development projects on coastal communities, estab-
lished human use patterns associated with the marine environment,
the significance of these activities to the economy and community
life, and the potential effects of development on the environment
that supports the resources on which these activities rely must
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be considered. The case of Camden County serves to illustrate
these points.

The development of the nuclear submarine base in Camden
County will have an adverse impact on the commercial and noncom-
mercial fisheries due to its disruption of the Cumberland Sound
estuarine complex. The potential conflice of interests resides
in the competing uses of the estuary. Commercial and noncommer-
cial fishermen of the county rely on the productivity of the
estuary to provide them with shellfish and finfish species that
meet their economic needs, while naval personnel utilize the
estuary to meet recreational needs, and the U.S. Navy uses the
estuary to promote national defense. Conflicting interests and
adverse impacts should be addressed in the environmental impact
assessments associated with development projects in coastal com-
munities and weighed carefully in the decisionmaking processes of
state and federal agencies, developers and the public.
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AN OVERVIEW OF THE CONDITIONAL OPENING OF GEORGIA'S SOUNDS
TO COMMERCIAL SHRIMPING

Susan Shipman, Andre C. Kvaternik, Virginia Baisden
James Music, Duane Harris

Introduction

The penaeid shrimp fishery of Georgia has perennially been
the foundation of Georgia's commercial fishing industry. It
plays a vital role in the coastal Georgia economy, contributing
up to 25 percent of the empleyment in some of the six coastal
counties (Carley 1968). Penaeid shrimp harvests annually ac-
count for approximately B0 percent of the total value of all
commerical fishery landings. {McKenzie 1981; Georgia Department
of Natural Resources 1984). The white shrimp, Penaeus
gsetiferus, is the focus of the shrimp harvest in Georgia, pro-
ducing about 30 percent of the annual shrimp harvest (McKenzie
1981).

The geography of ccastal Georgia is dominated by nine sounds
which are variable 2’1n open water area, with St, Andrew Sound the
largest at 77,000 m“, and Altamaha Sound the smallest at 19,000
m* (Mathews et al. 1980). Georgia's sounds are small compared
to those in other South Atlantic states. Due to the estuarine
nature of the sounds, they serve as important staging areas for
adult and subadult shrimp during their seaward emigration. These
areas have been important to the shrimp fishery because of their
high shrimp concentrations and favorable fishing conditions as
compared to off-shore trawling.

Throughout the existence of Georgia's trawl fishery for
shrimp, there has been controversy concerning the effects of
opening Georgia's sounds to fishing on the long term viability of
Georgia's shrimp resources. The historical nature of this debate
is reflected in the criteria by which these waters have been
opened to commercial food shrimping. These area openings have
historically been dictated by statutory calendar dates, political
referenda, and more recently, according to sound principles of
wildlife management established in law (Table 1).

Although the mechanism has existed in Georgia statues to
open s5ix of Georgia's nine sounds, these waters remained closed
from 1977 until the fall of 1983, when these 3ix sounds were
opened to commercial shrimping on a conditional basis. Following
the serve January 1977 freeze and resultant decimation of the
spring spawning stock, internal waters remained closed to commer-
cial food shrimping during 1977 in an attempt to restore shrimp

Georgia Department of Natural Resources, Coastla Resources
Divigsion, 1200 Glynn Avenue, Brunswick, Georgia, 31523-9990
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Table 1. History of area openings for. Georgia sounds from 1920's
. through the present.

Period

Criteria/Area Opened

Early 1920's-1930's

Early 1950°'s

Early to mid-1960's

Late 1960's

Early 1970's

Mid-1970's

1979 to present

All sounds closed from March through
July.

Sounds opened from mid-March through
December by county referendum held
every two years in respective
counties.

Doboy and Altamaha closed, St. Andrew
and Cumberland open from mid-March
through mid-April and from June
through December.

All sounds could be opened in
January, May and from October throygh
December if heads-on shrimp count <
55 per 1lb and from June though
September if < 45 per 1lb,

Director of Georgia Game and Fish
Commission authorized to open sounds
from September through December if
shrimp count <55 per 1b; shrimping
limited to daylight hours.

Commissioner of Natural Resources
authorized to open all but St.
Catherines, Doboy, and Altamaha
Sounds from September through
December if shrimp count <45 per 1b.

Commisicner of Natural Resources
authorized to open all but St.
Catherines, Dcboy, and Altamaha
Sounds after evaluation of eleven
biclogical, environmental, and
sociceconomic criteria as specified
in 0.C.G.A. Section 27-4-130
according to sound principles of
wildlife management, if shrimp count
<45 per 1lb.

*References heads-on shrimp count throughout table.
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populations to near normal levels (Music 1979). Severe environ-
mental conditions . prevailed again during the subsequent winter
and .as a result all sounds remained close during fall of 1978.
Fall production in 1977 and 1978 returned to near normal levels
and was followed by a record harvest in 1979 (Table 2). Much of
the fall harvest from these three years consisted of the larger
market size of adult shrimp., Resource managers concluded the
closure of the sounds was the cause of the increased harvests and
the high percentage of larger shrimp. This conclusion was sta-
tistically evaluated only after several years of data collection.

Prior to fall 1983, CRD Fisheries and Data Management Sec-
tions personnel initiated statistical analyses to discern the
effects of the sound closure. A comparison was conducted between
the size of shrimp surveyed during CRD's regqular inshore fall
monitoring in years prior to and after 1977 utilizing Duncan's
multiple range test (Miller 198l1). Significant differences
( <0.001) were observed in the size of shrimp during falls when
the sounds were open as compared to years when they remained
closed. (Figure 1). Additionally, the largest shrimp observed
during years of sound closure occurred during falls following
major winter freezes. This suggested that factors additional to
management strategy may have influenced size at emigration.

Due to the interjurisdictional nature of the controversy
concerning Georgia's sound closure, count sizes of commercial
white shrimp were compared between South Atlantic states (Figure
2). 1Included were years during which South Carolina and Georgia
exercised different management strategies regarding inside
waters. Shrimping was allowed in South Carolina sounds and bays
during the fall for all years considered, while Georgia sounds
were open through 1976. Only in 1980 was there as significant
difference between fall count sizes for Georgia and South Caro-
lina production. A linear regression using Georgia and South
Carolina weigh&ed fall commercial count sizes indicated a strong
correlation (r“ = (.88, <0.001) between shrimp sizes for the

two states' fall production during years prior to and following
1977.

Given this strong correlation between commercial count sizes
for two states with opposing management strategies and that the
largest count sizes were observed following severe freezes and
resultant low recruitment, CRD biologists concurred with the
suggestion of other investigators that size at emigration is a
function of inshore shrimp density and resultant interspecific
competition (St. Amant et al 1966; Parker 1970; Whitaker 1981;
Shipman 1983a; Whitaker 1984) rather than solely a result of the
sounds closure.

During the period of the sounds closure, biologists docu-
mented altered shrimp behavior due to anomalous fall environ-
mental conditions. The drcught which devastated south Georgia
agriculture during 1980 resulted in abnormally high salinities in
Georgia's inside waters. The drought coupled with an usually
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Table 2.. Georgia white shrimp landings.(heads~off) September
through December from 1957 through 1983.

Year Pounds Year Pounds

1957 2,775,8%0 1971 3,864,182
1958 2,492,374 1972 2,223,238
1959 2,758,469 1973 3,591,969
1960 4,015,625 1974 2,685,802
1961 3,000,956 1975 3,097,336
1962 2,819,502 1976 2,650,856
1963 1,973,868 1977 _ 1,855,193
1964 2,283,193 1978 2,356,416
1965 3,114,572 1979 3,944,082
1966 2,382,934 1980 2,585,124
1967 2,826,517 1981 2,326,586
1968 4,345,330 1982 2,247,301
1969 4,263,041 1983 2,217,585

1970 2,921,824
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G =waw
UUUUU

UUUUU

| o
\\\ AiHnnnms \5 g;
- o o o 2

g



188

*pUTTOIBD YIAON SOpuTIKIxn
162218 JUNOD uU’IMIAq (IS a8ur: ordpiTnu s,uedung {100°0>R) 3DUIXJIFITP
Jued>TFFUSLS Ou SIIBITPUT ABQ TEBITIAA  Z@ET-TL6T WOXJ S3IBIS ,OTucIV
yanog uy sSuppumy dwrays JITYM TeFOISWAM0D (IIqUADIQ - 1aquaidasg)

1IPJ TenuUuR U} PIAIISQO (UO-SPEay) 3IZJS Junod ITRAIAV JO uostaedwoy ¢z 2anlyg

. ¥VIA
Nm:w om m\. E. R o\. nn ﬁ nn N\.E.

] ] I 1 1 ] 1 ] R} b

4410 °N9IS ON= _ / \ ]

GNNOd d3d ¥3BANN

0 e o E— —— —

VaRIOd vio¥o39 VYNIIOUYD
HLNOS

JOVNIAVY HIGW3ID3IA-Y3GNW3Ld3S (NO—SAVIH)
S37IS INNOD IVIDYINWOD DJILNVILY HLNOS

oL

Sl

0c

14

ee



189

warm fall interruped the natural fall emigration of large shrimp
from the sounds to offshocre waters. Mark-recapture data indi-
cated a greater proportion of tagged white shrimp migrated to
Florida and adjacent FCZ waters during that fall and winter than
during preceding years (Figure 3). Pulses of movement occurred
in late November and December following amplified tidal exchanges
due to spring tides and northeasters (Figure 4). The large
numbers of marked shrimp recovered off Florida in the weeks
fecllowing the storm events suggested the turbulent seas accom-
panying those storms precluded maximum harvest of Georgia's
emigrating stocks by the local fishing fleet (Shipman 1983b}.
This aroused a storm of protest from resident commercial fisher-
man because they believed those shrimp could have been harvested
in Georgia waters if the sounds had been open.

The fall of 1983 was characterized by extremely warm and dry
weather conditions. The persistence of environmental extremes
such as prevailed during 1980-1981 fall and winter alarmed CRD
fisheries managers. These conditions and the conclusions regard-
ing the effect of the sound closure on overall fall production
warranted a consideration of a shift in management strategy so as
to avoid interjurisdictional loss and to maximize yield. Thus,
biclogical, environmental, and socioeconomic criteria (Appendix
A) were evaluated as mandated in O.C.G.A. 27-4-1130.
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EVALUATION OF ©.C.G.A. and 27-4-130 CRITERIA

The abundance and size of the seafood species in question.

A comparison of October 1983 coastwide assessment averages
(Table 3) compared with those for the same time period in pre-
vious years indicated sufficient stocks of commercial size white
shrimp inhabited Georgia's sounds in late October to support
commercial trawling efforts. The most abundant size shrimp in
the sounds during October 1983 were larger than those observed
during October monitoring in previous years when the sounds were
opened. Since large adult shrimp prefer high salinity areas such
as those present in the sounds during fall of 1983, larger,
higher value shrimp were expected to predominate production from
these areas more than in years when normal salinities prevailed.

Creek sector catches (Table 3) indicated that abundant
stocks of harvestable size shrimp were congregated in the lower
creeks and rivers. Assuming estuarine sectors have a finite
carrying capacity, a continued delay in emigration from Georgia's
sounds was expected to delay emigration of creek stocks into the
sounds. It was believed the reduction of existing sounds stocks
through harvest would trigger emigration of large shrimp from the
lower creeks and rivers.

An anomalous distribution of juvenile and subadult shrimp
was also observed. Mid-October juvenile trawl sampling yielded
greater numbers of bait-sized (generally 75 to 115 mm) shrimp in
upper headwaters not routinely sampled as c¢ompared to abundances
at regular stations. Bait shrimpers and recreational cast net-
ters confirmed the absence of shrimp in areas normally frequented
by bait fishermen and the unusually high shrimp abundance in
upper estuarine areas. Biologists concluded sufficient overwin-
tering juvenile and subadult stocks inhabited areas prohibited to
trawling such that spring roe shrimp stocks would not be adverse-—
ly impacted by opening the sounds to trawling.

The number of persons licensed to take seafood.

Through 9 November 1983, 885 commercial trawler licenses
were sold. Residents comprised 84 percent of this fleet, with
the remaining 16 percent divided as follows: South Carolina -
8ix percent; Florida - six percent; and North Carclina - four
percent. Non-Scuth Atlantic vessels accounted for less than one
percent of the sales.

Whereas 78 percent of the 1976 licensed fleet was composed
of craft 18 feet or less in length, an average of only 34 percent
of trawlers from 1979 to 1982 were 18 feet or less. A shift in
size composition toward larger vessels followed the closure of
Georgia's sounds (Figure 5). Realizing the competitive advan-
tages to smaller trawlers in fishing the inshore waters, managers
favored a conditional opening so as to minimize sociceconomic
impacts on the major component of the fishery. Allowing fishing
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Table 3. Average temperature, salinity, catch and size (heads~on) of white shriﬁp

caught during Occtober assessment.

Ares 1974 1975% 19761 1977% 1973 1981% 1983°
Mean Pound/Hour
Creek 35.0 54.0 49.4 102.6 85.4 25.6 35.3
Sound 51.2 16.9 9.9 51.6 83.7 29.2 47.4
Offshore 3.0 4.5 2.9 3.3 6.0 8.2 4.9
Average 29.7 25,1 20.7 52.5 58.4 21.0 28.9
Mean Number/Pound - Heads-On ' _
Creek 32.9 37.0 36.0 25.0 25.1 22,7 29.7
Sound 34.0 41,4 36.2 23.1 21.5 21.6 24,9
Offshore 17.4 13.3 18.6 14.0 19.9 21.7 22.3
Average 28.1 30.5 30.2 20,7 22.1 22.1 25.6
‘Mean Salinity (ppt)
Creek 22.0 24.0 21.0 24.1 24,9 31.3 27.0
Sound 25.0 25.0 22.0 25.2 26.9 3.1 29.8
Offshore 30,0 31.0 28.0 31.7 30.5 32.6 31.2
Average 26.0 27.0 24.0 27.0 27.4 31.8 29.0
‘Mean Water Teumperature (OC)
Creek 20.0 22.0 17.0 21.6 20.0 20.0 23.1
Sound 20.0 22.0 17.0 21.6 20.5 19.7 23.2
Of fshore 20.0 22.0 16.0 20.9 18.8 20.6 23.2
Average 20.0 19.8 20.1 23.2

22,0 17.0 21.4

1 Includes weighted data for Wassaw, Sapelo, St. Simons and St. Andrew.

2

Bagsed on assessment data and includes the following estuaries:

Altamaha, St. Simons, St. Andrew and Cumberland.

Wassaw, Sapelo,
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on two non-consecutive weekdays would also maximize participation
by the full-time commercial fisherman. Moreover, a conditional
strategy would minimize new entrants into the fishery which could
otherwise create additional safety concerns due to trawling in a
limited geographical area. Recognizing the controversial nature
of the sound issue, managers believed that limiting fishing to
only two days a week would appease many persons opposed to
opening the sounds in general.

The Department's forecast for commercial catches.

September 1983 white shrimp landings in Georgia totaled only
521,377 1b, 36 percent below the preceding ten-year average.
Monthly landings of 327,000 lb through mid-October were 60 per-
cent below the ten~year October average., Based on a continuation
of delayed emigration and production 40 to 60 percent below
average, September through December landings were expected to
range from 1.1 to 1.6 million pounds.

Of the 99,553 1lb landed in Georgia during the first week of
October, 49,784 1b (50 percent) were caught in South Carolina
sounds in 53 cumulative days fished while 49,767 (50 percent)
were caught in Georgia waters in 133 cumulative days fished.
Thus, an equivalent amount of shrimp was caught in South Carolina
gsounds in 1.0 days as was caught in Georgia offshore waters in
2.5 days. With landings reported for approximately one day trips
in each state, South Carolina inshore waters production exceeded
that of Georgia's outside waters by approximately 700 1lb/landing.
Operiing the sounds to commercial trawling appeared to be the
mechanism to maximize biological as well as economic yield.

The guantity in terms of pounds, and the value, in terms of
dollars of anticipated commercial landings.

Ex~-vessel prices of many shrimp sizes, particularly 21/25's
and 26/30's (heads-off) were depressed during fall 1983 due to
increased white shrimp production in the Gulf of Mexico and
increased foreign imports of medium and large shrimp. Market
sources predicted a further decline in prices of large count
white shrimp generally predominating offshore fall production and
predicted prices for mid-sizes would stablize (Chauvin, 1983).
With 36/40 (heads-off) being the modal size in inshore assessment
catches {Table 3), the harvest in the sounds of large guanities
of shrimp commanding a strong, stable price appeared to be the
best method to maximize eccnomic yield as compared to below
average offshore harvest of large shrimp for which the price was
predicted to decrease. Based on late October marker prices
averaging $4.23 per 1lb for 36/40's (head-off) and $3.99 per 1lb
for 41/4S's (heads-off), and assuming fall production would
approach the ten year average of 2.7 million pounds, while being
comprised of large quantities of medium sizes as a result of
opening the sounds, the fall catch was expected to approach $12.8
million in value.
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The available climatological and meterological data and influence
on water temperature,

The environmental parameters of water temperature and salin-
ity are primary influences on adult shrimp emigration (Anderson
and Lindner 1956; Pullen and Trent 1969; Schwartz 1977; Farmer
and Whitaker, 1878; Whitaker 1982; Shipman 1983b). As previously
discussed, environmental conditions during fall 1983 were similar
to the unusually warm dry fall of 1980, during which normal
offshore emigration of large adult white shrimp was interrupted
(Whitaker 1981; Shipman 1983a). The combined influence of
abnormally high salinity and warm water temperature (Table 3)
prevailed over the influence of spring tidal exchange to further
delay emigration, as evidenced by dismal offshore production
concurrent with October new moon spring tides. The influence of
drought conditions on shrimp distribution was further illustrated
by the relatively high salinities (14 ppt) recorded in associa-
tion with high abundance of juvenile and subadult white shrimp
trawled in estuarine headwaters.

The National Weather Service (1983) predicted a continuation
of above average temperature through Mid-November. Normal rain-
fall of approximately two inches predicted for the period would
not alleviate drought conditions, and estuarine salinities were
expected to remain high. The probability for an en masse off-
shore emigration triggered by severe environmental influences
increased with the progressicn of fall and onset of winter, and
the potential for interjurisdicional loss of these emigrating
stocks consequently increased. Given the abnormal environmental
parameters characterizing the 1983 fall, it appeared in the best
interests of Georgia's shrimp fishery to conditionally open the
sounds to commercial trawling.

The life history of each seafood species in question; the coastal
ecological features directly related to the life history of each

species.

Microscopic shrimp spawned offshore in the spring and early
summer immigrate into Georgia's estuaries as post-larvae and move
to the upper reaches of creeks and rivers characterized by low
salinity. After metamorphosing to the juvenile stage, they
experience rapid growth with rapidly warming water temperatures
and move seaward throughout the summer. With the onset of fall
and winter environmental conditions, including increased rain-
fall, decreasing water temperatures, and large tidal exchanges
accompanying spring tides, adult white shrimp emigrate from the
sounds to oceanic waters (Anderson and Linder 1956; Joyce 1965;
Pullen and Trent 1969; Whitaker 1982; Shipman 1983b, Shipman and
Stevens 1984). Shrimp not attaining a size large enough to
emigrate remain in deeper waters of the rivers and sounds where
they overwinter. These overwintering shrimp as well as those
escaping harvest offshore become next spring's spawners.
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A typical environmental conditions during fall 1983 signifi-
cantly altered the size and stock distribution of the various
life history stages. It appeared necessary to modify harvest
areas s0 as to maximize economic and biological yeild. Accommo-
dations were made regarding the concern of many resource users
who believed the previously defined sound/river limits were
located too far inshore. Sound/river limits were redefined to
favor optimum growth and survival of juvenile penaeids. Legal
trawling limits were defined in nautical terms so as to clarify

interpretation by the resource users as well as DNR law enforce-
ment officers.

Anticipated amount and location of the demand for a seafood

speciles

The demand exists for substantially more shrimp than are
available from Georgia landings. Georgia processors meet only 12
percent of their raw shrimp supply needs from resident sources
during an average production year (Cato and Prochaska 1980). It
was estimated Georgia processors would possibly meet 92 to 95
percent of their fall shrimp needs with out-of-state production
if below average production persisted. Insomuch as primary
Georgia wholesalers needed considerably more shrimp than was
being landed by Georgia shrimpers, managers believed opening the
sounds for trawling would enable shrimpers to meet some of this
demand. Moreover, the revenues generated by the increased pro-
duction would be a valuable contribution to the coastal economy,
particularly in communities heavily dependent upen the shrimping
industry.

The resources which influence or are influenced by the abundance,
spatial, and temporal variations in seafood speciles.

CRD fisheries managers formulated a conditional management
strategy so as to minimize any adverse impacts on commercially or
recreationally important f£ish or shellfish resources and resource
users.

Impacts on the bait shrimp resource and users were con-
sidered. Restriction of commercial harvest to the sounds sector
would target adult white shrimp, generally of a size less desira-
ble for bait. The continued restriction of bait shrimping to
designated zones would eliminate spatial competition between
commercial food shrimpers and bait shrimpers.

A major concern of opening the sounds to commercial trawling
was the potential impact on Georgia's blue crab fishery. During
the sounds closure, crab landings approached the high levels of
production during the late 1950's and early 1960's {Table 4),
during which time the sounds were open. During the six years
(1977-1982) the sounds remained closed to commercial shrimp
trawling a greater percentage of crab landings were attributed to
pot fishermen {(Table 4)., A dramatic increase in potting effort
was observed. Whereas 9,745 pots were fished in 1976, in excess
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Table 4. Annual landings* and percent contribution of hard blue crabs by gear, Ceorgia,

1950-1982,**

Year Pot . Trot Line X Trawl X Dip Net 2 Total

1950 1,320.0 26.3 2,662.6 33.0 1,045.0 20.8 . 5,027.6
1951 1,055.0 16.2 3,936.4 60.3 1,535.0 23.5 . 6,526.4
1952 1,987.7 21.0 3,060.1 32.4 4,410.4 46.6 9,458.2
1953 5,962.8 62.9 1,538.0  16.2 1,985.0 20.9 9,485,8
1954 6,289.0 59.1 2,091.5 19.7 2,259.4 21.2 10,639.9
1955 4,767.8 44.4 3,965.0 36.9 2,012.5 18.7 10,745.3
1956 5,293.7 62.0 875.7 10.3 2,140.8 25.1 232.1 2.7 8,542.3
1957 6,088.8 67.9 659.5 1.4 2,067.7 23.1 151.8 1.7 8,967.8
1958 5,635.5 55.5 598.8 3.9 3,658.3 35.9 272.3 2.7 10,184.9
1959 7,908.2 62.4 283.5 2.2 4,192.6 33.1 298.2 2.4 12,682.5
1960 10,111.7 64.1 174.2 1.1 5,107.4 32.4 372.7 2.4 15,766.0
1961 7,633.8 62.2 148.6 1.2 3,965.3 32.2 544.5 4.4 12,312.2
1962 7,517.9 61.1 110.0 0.9 4,095.3 33.3 580.0 4.7 12,303.2
1963 8,022.3 55.3 221.3 1.5 4,286.0 36.5 970.4 6.7 14,500.0
1964 2,859.4 24.8 100.8 0.9 8,484.5 73.6 87.2 0.8 11,531.9
1965 2,964.7 28.9 73.3 0.7 .7,089.7 69.1 131.3 1.3 10,259.0
1966 4,102.3 47.9 4,409.3 31.5 44.1 0.5 8,555.7
1967 4,140.4 48,7 4,356,1 31.3 B8,496.5
1968  2,229.1 60.8 1,439.8 39,2 _ 3,668.9
1969 3,469.9 67.4 1,647.2 32.0 29.7 0.6 5,146.8
1970 4,386.5 61.8 2,705.7 38.2 7,092.2
1971 5,224.1 61.9 3,211.4 38.1 8,435.5
1972 6,145.7 67.8 2,913.9 32.2 9,058.6
1973 3,515.6 69.1 2,468.6 30.9 . 7,984.2
1974 8,087.4 79.8 2,043.6 20.2 10,131.0
1975 7,398.4 81.5 1,466.8 16.5 8,865.2
1976 5,289.0 90.1 583.6 9.9 5,872.6
197 7,390.3 95.7 331.2 4.3 7,721.5
1978  10,550.3 99.3 78.0 0.7 10,628.3
1979  11,337.5 100.0 0.0 0.0 11,337.5
1980 10,013.8 99.5 46.3 0.5 10,060.1
1981 12,950.4 100.0 6.4 0.0 12,956.7
1982 12,327.9 99.7 §2.1 0.3 12,370.0

*Landings in thousands of pounds.

#%1950-1977 from Shelar (1982).
1978-1982 from Flowers (pers. comm.).



199

*‘yauow
£q sSujpuer qEiad 9nyq (Iquadaq - aaquaidag) Trej ©i31099 IBeasay 9 andpyg

— SGNGd 40 SRVSOHL

OAY 28-LL6) ONY 8L-CL61

Y¥IAN3O30—Y3IE8N3Ld3S ‘HINOW A8
SONIONVT 8Vvy0 3NT8 QYVH VIOY03D 3IOVHEAV

b 074

008

0001

ooci

(40} 4

009}



200

Suyrauiy dupiys [eydiommod 03 spunos vFdi0d)
30 Sujusdo ay3 233ju puv II0yoq dupays paddey jo gaxnidoooy °f 9andpg

RAYNINYT ¥30r30340 HIOPAAON
»1-8 -1 1C—C2 +Z-01 Li=il ot—¥ c-LZ 9Z-0Z sL~Cl
6 g L 9 S 1.4 ¢ Z l
LIES i ' (¢]
\
\l
N, \\ o1
b
_ <
e [ ON
/s\
(4%
o¥
oS
- .oo
< > 41 0L
a3sow N340
SONNOS 4 og
06
dNINHS G3NMNL3Y 30 Y3IABANN
SUNLIVIIN SIUNLIVIIY SYIHY TW
vaRiOd ASVEINd 20 VHEV SANLIYO3Y

=



201

of 23,000 pots were fished annually since 1978 (National Marine
Figsheries Service, 1983). Although the number of full time
crabbers was similar for the peak production periods prior to and
following the sounds closure, part-time participation increased
following 1977 {National Marine Fisheries Service, 1983). Part
of this increase was attributable to entry into the fishery by
shrimp fishermen during years of below average shrimp production.

A brief economic analysis was conducted of the impact of
opening Georgia's sounds to commercial shrimp trawling on the
blue crab fishery during November and December. Based on 1) the
average November and December production periods prior to and
fellowing the sounds closure in 1977; 2) the proportion of pro-
duction attributable to pots and trawls during those two periods;
and 3) the mid-October 1983 price for trawl and pot-caught crabs,
managers estimated a potential maximum loss of $134,390 to
Georgia's blue crab fishery. It was believed that the negative
economic impact would be minimized by opening the sounds in
November and December as this corresponded to the time of mature
female blue crab emigration to deeper waters to overwinter. Blue
crab landings historically decreased in November and were minimal
in December, regardless of whether the sounds were opened or
closed (Figure 6). Additionally, it was believed the adverse
socioeconomic impact would be partially countered by the poten-
tial re-entry of part-time crabbers into the shrimp fishery.
Moreover, managers believed the projected increased shrimp pro-
duction would counter the economic 1loss to the crab fishery and
result in a net economic benefit to Georgia's seafood fishery.

With respect to the sport fishery, commercial landings of
recreationally important finfishes indicated no beneficial impact
of the sounds closure on these species (Table 5). Results of the
Division's Recreational Fisheries Program life history study
indicated the spotted seatrout {Cynoscion nebulosus) stocks were
rebounding after being drastically reduced as a result of the
1977 and 1978 winter freezes {Music and Pafford 1984). Studies
conducted previously (Anderson 1968; Knowlton 1972; Mahood et
al 1974) revealed minimal harvest by shrimp trawlers of many
species important to the recreational fishery. Spotted seatrout
and red drum (Sciaenops ocellatus) are an infrequent by-catch in
shrimp trawls and the sounds opening would occur during a period
in which trawling would have minimal impact on these species.
Species such as kingfish (Menticirrhus sp) and flounder
(Paralicthys sp) are commonly caught 1n shrimp trawls and are
commonly landed commercially as a result, However, no reliable
recreational fisheries statistics existed to confirm or refute
the concern among recreational fishermen that flounder resources
had benefited from the sounds closure,

Biologists also concluded opening Georgia's sounds during
late fall would be unlikely to have any impact on endangered
species such as marine mammals and turtles which utilize these
areas during other times of the year. Thus, conflicts between
environmentalists and commercial shrimpers would be minimized.
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The water gquality and other biogenic factors which influence
sound wildlife research and management.

The water quality characterizing Georgia‘'s sounds during
fall 1983 posed no detriment to the harvest or consumption of
white shrimp from this area.

Any other factors based on recent scientific and technological
advances which could result in a better management of Georgia's
seafood resources.

Since Georgia's sounds had not been opened to commercial
shrimp trawling since 1976, it was important that the opening in
1983 coincide with the most advantageous conditions. The opening
date was selected to correspond to the earliest neap tides in
November, as opposed to opening on spring tides, which would
likely result in reduced catches as well as increased hazards for
vessels competing in a limited geographic area. Additiocnally,
the sounds were opened well into daylight {(8:00 a.m.) as opposed
to dawn.

Results

Wassaw, Ossabaw, Sapelo, St. Simons, St. Andrew and Cumber-
land Sounds were opened to commercial food shrimp trawling on 11
November 1983 by Administrative Order of the Commissioner of
Natural Resources. Trawling was allowed only on Tuesday and
Friday of each week thereafter through 16 December.

During November 1983, a total of 142,222 1lb white shrimp
valued at $669,119 were harvested from six of Georgia's sounds
(Table 6). Opening day harvest comprised over 60 percent of the
November sounds catch. Premium large shrimp (26/30 count heads-
on and larger) comprised 67 percent of that harvest. Whereas
September and October catches were 36 and 27 percent below the
ten-year average, November catches of 594,399 1lb slightly
exceeded the ten year average of 571,074 1lb. Sound catches in
December totaled only 36,343 1lb valued at $145,300. Although the
sounds were open during the first half of December, total
landings for the month fell below the ten-year monthly average.
It is probable the November landings would have been below
average had the sounds remained closed., The steady decline of
catches from inside waters plus the influx of smaller shrimp into
the sounds signaled the need for the 16 December closure of
Georgia's sounds to commercial shrimping. Eleven days of harvest
yielded 178,565 total pounds of shrimp averaging $4.56/1lb for a
total value of $0.8 million.

CRD's shrimp mark-recapture results indicated the sounds
opening strategy was successful in minimizing interjurisdictional
loss of production. White shrimp were tagged in November in two
of the sounds which remained closed to trawling by law. Tag
returns from the area offshore of the release estuary indicated
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Table 6. Georgia fall (November - December) inside catch* by sounds. *Prelimi-
nary, excludes white shrimp caught in Georgia waters and landed at
out-of-state ports.

Vhite Shrimp Landings

November December Total
% Of ~% Of X Of

Sound Lb. Total _Lb, Total Lb. Total
Vassaw 7,951 5.6 163 0.4 8,114 4.5
Ossabaw 16,284 11.5 - - 16,284 9.1
Sapelo 53,261 37.4 13,851 38.1 67,112 37.6
St. Simons 21,677 15.2 7,638 21.0 29,315 16.4
St. Andrew 34,384 24,2 13,401 36.9 47,785 26.8
Cumberland 8,665 6.1 1,290 3.6 9,955 5.6
Total 142,222 79.6 36,343 20.4 178,565 100.0
Value $669,119 82.2 $145,300 17.8 $814,419 109.0

Total Landings Lb. $ Value

Sounds 178,565 814,419 .
0 - 3 miles 893,983 3,866,068
1,072,548 §,680,487
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Table 7, November and December spotted seatrout landings in Georgla by year for

1973-1983.
November Landings December Landings Yearly Total
Year Pounds $ Value Pounds $ Value Pounds § Value
1973 2,163 818 1,927 709 26,783 9,800
1974 3,045 2,355 5,298 1,856 16,135 5,790
1975 6,170 4,217 6,460 2,978 30,774 12,861
1976 8,169 2,668 3,665 1,904 29,922 15,189
1977 4,839 49 1,092 589 15,906 8,517
1978 ) 65 265 407 265 2,470 1,513
1979 308 957 1,009 868 4,987 4,199
1980 1,276 171 495 297 4,250 3,358
1981 198 1,721 198 171 629 5646
1982 1,874 171 557 606 4,994 4,754
1983 2,032 - 2,130 671 738 5,722 5,781
Total
Average 2,739 1,411 1,980 998 12,961 6,575

NOTE: Reported landings caught primarily by hook and line.
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gsome migration occurred from these closed areas during the period
the sounds were opened. However, the greatest movement occurred
during the period of severe cold weather which occurred after the
sounds closure. Tag returns from waters offshore from the
release area declined in the days following the Christmas 1983
freeze while the number recaptured in Plorida waters dramatically
increased (Figure 7). If the sounds had remained closed during
fall 1983, a significant portion of Georgia's fall crop might
again have been lost to the Florida fishery as happened following
the December 1980 cold front.

CRD assessment trawls conducted from 3-9 January indicated
the record Christmas freeze caused widespread shrimp mortality in
Georgia. Surface water temperature dropped from 15.5°C to 4°C in
only four days. During the coastal monitoring north of the
Altamaha River, 40 percent of the white shrimp caught in assess-~
ment trawls were dead. Southern sampling yielded 20 percent
mortality of the shrimp trawled. The size of shrimp most severly
impacted were large. Thus, had the sounds not been opened to
trawling such that many large shrimp still inhabited these areas,
the ¢old front could have caused mortality of the premium shrimp,
resulting in economic loss to Georgia's shrimp fishing industry.

The conditional opening strategy was successful with respect
to minimizing sociceconomic conflicts between commercial food
shrimpers. As previously mentioned, there was a shift in size
composition of Georgia's fleet toward larger trawlers during the
sounds closure. Even in 1983 when the sounds were opened, only
33% of licensed trawlers were less than 20 feet. The timing and
short term nature of the opening apparently effected little
overall size redistribution of trawlers in the Georgia fishery.
However, of the 160 new licenses sold following the opening, over
two-thirds were sold to smaller trawlers, and opening the sounds
increased participation in the fishery for a limited period by
more diverse user groups. Of the trawlers licensed after 10
November, 37 (54 percent) were sold to Georgia residents.
Georgians accounted for 80% of the total 1983 license sales as
compared to 83% in both 1981 and 1982, The conditional sounds
opening had little impact on trawler license residency pattern.

At the hour of official opening of Georgia's sounds to
shrimping on 11 November, 430 trawlers were observed by over-
flight in the six sounds opened to trawling. These trawlers
included both vessels (five net tons or greater, typically
greater than 32 feet in length) and boats (less than five net
tons, typically 32 feet or less in length). By early afternoon,
17 percent of the observed fleet was fishing offshore waters.

One week later, on the third day of shrimping in the sounds, 27
percent of the trawlers were in offshore waters. Thus, following
the initial opening hours, trawlers were shrimping in both inside
and outside waters.

The lowered blue crab production and economic hardship
reported by a few individual potters as a result of the sounds
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opening was not realized throughout the industry. November 1983
blue crab preoduction of 1,055,264 lb exceeded the ten-year
average (789,848) by 32 percent. December landings of 488,980 1lb
were 70 percent above the 286,917 ten-year average. Based on an
average $.16/1b, landings in excess of the ten-year November-
December average were valued at $74,797.

CRD obsevers participated in commercial trawling operations
on 11 November so as evaluate the by-catch of trawling in
Georgia's sounds. As expected, biologists observed negligible
impact on recreationally important finfish., After 7.5 hours of
trawling in St. Simons Sounds, the CAPTAIN DAVE netted a total
catch of 2,615 1b of fish, shellfish, and trash. Gamefish
(categorized to include: weakfish, flounder species, spotted
seatrout, whiting, bluefish, croaker, spot, red drum, black drum,
and sheepshead) comprised only 5 percent of this total. Shrimp
comprised 50 percent of the total catch while scrap fish and
debris accounted for 45 percent. By-catch of Georgia's most
popular recreational species, spotted seatrout and red drum, was
negligible. These species are fast swimmers and prefer the
rarely trawled oyster reefs, thus easily avoiding capture in
trawl nets. Additionally, there was no appreciable increase in
commercial landings of spotted seatrout in November and December
of 1983 (Table 7) which presumably would have resulted from
increased trawl catches as a result of the sounds opening.

Only 13 1b (11 percent) of the gamefish caught were
flounder. Results of recent life history studies conducted by
DNR biologists on recreationally impertant finfish suggest creel
size summer flounder (two years and older) generally emigrate
from Georgia's estuaries. Also, tagging results from this study
suggest southern flounder (Paralicthys lethostigma) are probably
underharvested by recreational anglers 1in Georgia (Music and
Pafford 1984).

Results of the K-Mart/Brunswick Jaycees First Annual Spotted
Seatrout Tournament held on 12-13 November following the sounds
opening on the 11 November further suggest the negligible impact
of trawling in the sounds on recreationally important finfisgh
species,

Although 78 anglers entered, it was not known exactly how
many participants succeeded and caught fish as many anglers opted
not to weight in their catches if their creel would not exceed
the totals already posted. This was evidenced by the lack of
second-day entries in the largest fish category. Outstanding
catches of 152.25 1b and 125.75 1lb were made by angler teams on
the first and second day. With the trout entered averaging
approximately one pound, the tournament total of 632.8 lb repre-
sented approximately 600 fish., Excellent catches of red drum
ranging in size from one to nine pounds were also observed and
photgraphed at the weigh station. Other fish caught during the
tournament included black drum and sheepshead.
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Impacts of the sounds opening on environmentally sensitive
species were also negligible. No sea turtles or marine mammals
were reported by DNR Law Enforcement personnel patrolling the
waters or by observers on trawlers in three heavily fished
sounds. Unconfirmed reports of incidental capture of several
Ridley sea turtles (Richardson, pers. comm.) were attributed to
the success of the Florida Headstart Program which has released
large numbers of year-old turtles.

Discussion

The objective of Georgia's marine fishery management program
is to requlate the use of common property fishery resources to
provide maximum benefit to all resource users within the state
while insuring the viability of future stocks. State laws
mandating consideration of bioclogy, population dynamics, environ-
mental conditions, social and economic considerations, and
impacts on other resources are imperative to accomplishing this
objective. Flexibility such as is currently provided by Georgia
statutes is necessary for responsible management of marine
species such as shrimp, whose stock abundance and behavior are
environmentally regulated.

Perhaps the best example of the application of flexible
fisheries management of Georgia's marine fishery resources in
recent years was the decision to open the sounds to commercial
shrimp trawling on a limited basis during November and December.
During this period of environmental extremes, maximum yield in
weight and value was approached through inshore harvest of pre-
mium value shrimp inhabiting Georgia's sounds. The conditional
strategy minimized adverse impacts on users of the shrimp
resource as well as other resources. Opening of Georgia's sounds
occurred during the period when crabbing normally declines in the
sound, when the most important recreational finfish, spotted
seatrout, inhabit the creeks and rivers, and when environmentally
sensitive species (e.g., sea turtles) do not inhabit the sounds.
Conditional harvest on two non-consecutive weekdays minimized any
potential conflict between recreational and commercial fishermen.
Former sound limits were realigned to target harvest of predomi-
nately larger, adult shrimp while ensuring the protection of
subadult and juvenile shrimp and other resources inhabiting the
creeks and rivers. Although controversial, the decision to open
Georgia's sounds on a limited basis to commercial shrimp trawling
during portions of November and December 1983 effected prudent,
responsible management of the state's valuable shrimp fishery.
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Appendix A

ARTICLE 4
SEAFOOD
PART I
GENERAL PROVISIONS

27-4-130. Factors governing decision to open or close salt
waters; of opening or closing of water.

{a} When this article provides that a determination to open
or close any of the salt waters of this state, or to allow or
disallow the use of certain equipment, is to be made in accord-
ance with current, sound principles of wildlife research and
management, such determination shall be made only after a con-
sideration of the following:

(1) The abundance and size of the seafood species in
question;

(2) The number of persons licensed to take seafood;
(3) The department's forecast for commercial catches;

(4) The quantity, in terms of pounds, and the value, in
terms of dollars, of anticipated commercial landings;

(S5) The available climatological and meterological data and
influence of water temperature;

(6) The life history of each seafocd species in question:

(7) The coastal ecological features directly related to the
life history of such species;

(8) Anticipated amount and location of the demand for a
seafood species;

{(9) The resources which influence or are influenced by the
abundance of and the spatial and temporal variations in
seafood species;

{(10) The water quality and other biogenic factors which
influence sound wildlife research and management; ang

(11) Any other factors based on recent scientific and tech-
nological advances which could result in a better
management of Georgia's seafood resources.
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THE RELATIONSHIP OF FISH CONRSUMPTION AND MERCURY
CONTAMINATION IN THE ST. JOHNS RIVER

Lori L. Beason, Walter Honour,
Kim I, Miller, A. Quinton White

INTRODUCTION

Mercury contamination of aquatic environments is a wide-
spread problem. Much of the mercury in water can be attributed
to industrial wastes from pre-1975 chloralkali operations and
pre-1972 paper pulping operations (May and McKinney 1977). It
is estimated that up to 230 metric tons of mercury are released
annually into water by weathering processes including erosion of
rocks and sediments. Coal combustion may release as much as
3,000 metric tons of mercury and mercury compounds per year which
can also contaminate the aquatic environment through atmospheric
deposition (F.D.E.R., 1984).

Mercury contamination of the environment has declined
sharply since the 1960's when the adverse health impacts of
mercury became widely known. Contaminated sediments are still a
prominent mercury source {(May and McKinney 1977). High concen-
trations of mercury were found in sediments over 100 miles
downstream from a synthetic fiber plant which had discontinued
mercury use 27 years earlier (May and McKinney 1977).

Swedish scientists found that microorganisms could transform
relatively harmless elemental mercury and inorganic mercury salts
into the highly toxic methyl mercury (Miller 1975).

Aryl organic mercury, CGHSHg and (CgHg),Hg, is moderately
toxic and exhibits a short retention time in tissue, but it is
rapldly transformed by the bogy, or in the environment, into
inorganic mercury, Hg and Hg Inorganic mercury also exhibits
moderate toxicity and a short retention time in the body (Miller
1975). The threat of mercury poisoning begins when inorganic
mercury salts are converted by microorganisms into aryl organic
mercury. These methyl and dimethyl compounds are highly toxic¢ and
are readily concentrated within the food web (Miller 1975).

Symptoms of mercury poisoning in humans include headaches,
fatigue, irritability, and tumors along with other nervous dis-
orders. These symptoms may surface weeks or months after initial
exposure to toxic levels of mercury. Inorganic mercury damages
the kidneys, liver and brain by concentrating in these organs
{Ehrlich et al. 1977). Methyl mercury also concentrates in the
membranes of red blood cells and the nervous system. Biological

Department of Biology and Marine Science, Jacksonville University,
Jacksonville, Florida 32211
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half-life in humans is approximately 70 days (Berlin in Ehrlich
et al. 1977).

Accumulation of methyl mercury within the food web is in-
fluenced by many factors. Mobility characteristics of an
organism may limit the amount of time spent in a contaminated
region. The temperature of the water in a contaminated zone will
influence the amount of time the organism spends in that area.
The extent of mercury contamination of the area is another essen-
tial element, as is the size and life stage of the organism.
Species trophically higher in the food web are likely to have
higher concentrations of mercury.

The current Florida Department of Environmental Regulation
(F.D.E.R.) maximum standard for total mercury in the marine
environment is 0.10 ug/l (Table 1). While inorganic mercury
compounds have been proven to cause mortality in fish larvae at
levels of 0.10 ppb, methyl mercury at 0.06 ppb inhibits reproduc-—
tive capacities ( Anonymous 1984),



215

Table 1. Water guality criteria for mercury as established by
the Florida Department of Environmental Regulations,
Chapter 17, Paragraph 3.

MERCURY
CLASS I Potable Water 0.20 ug/1
CLASS II Shellfish Harvesting 0.10 ug/1
CLASS III Recreational Waters
Marine 0.10 ug/1
Fresh 0.20 ug/1

Public susceptibility to mercury contamination is largely
determined by their fish consumption patterns. Fish consumption
ig a function of the seasonality of a species and the dominance
of one species over another. Weather and water conditions in-
fluence the extent of fishing and the amount of available fish.
Dietary or economic restrictions of individuals could alsc in-
crease the rate of fish consumption by excluding other sources of
protein from the diet.

In this study, the high-risk population is defined as those
individuals who use fish from the St. Johns River as a primary
source of protein. 1In some instances, the target population
purchases fresh fish from local vendors. In most cases, however,
the high-risk individuals fish regqularly and consume their own
catch. Therefore, the individuals at highest risk are those who
consume the greatest quantities of fish from the St. Johns,

Methods

To determine the high-risk populaticn, interviews of local
fishermen were conducted from September 1983 through May 1984 at
15 sites along the lower St. Johns River (Figure 1). The main
objective of the survey was to determine the number of pounds of
fresh fish, by species, that were consumed per person per week in
a given household. Other objectives included determination of
the extent of fishing in a given region, the distance traveled to



216

Figure 1, Map of the St. Johns River showing the 15 interview sites.

MiLt. COVE

3T. JOMNS miven

ATLANTIC OCEAN

Location

1. Bert Maxwell Park 9. Blount Island Old Bridge
2. South Main Street 10. Browns Creek Bridge

3. North Main Street 11, Clapboard Creek Bridge
4. Broward River Bridge 12, Milton Drive

5. Dunns Creek Bridge 13. Sisters Creek Bridge

6. Dunns Creek Bulkhead 14. Haulover Creek Bridge

7. JEA Northside Gen. Station 15. Huguenot Park

8. San Carlos Creek Bridge
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the survey site, occupation and age bracket of the individual,
and the uses of the fish caught. Collections of organisms were
taken from the river for analysis of mercury levels in their
edible portions. The species targeted for sampling are listed in

Table 2.
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Table 2. Species sampled for mercury contamination and criteria
for selection of each species.

SPECIES REASON FOR SELECTION
Cynoscion nebulosus 8th highest commerical tonnage:
(Spotted Sea Trout) Carnivore - feeds on smaller

fish and shrimp; potentially
high bicaccumulation;
significant human consumption.

Mugil cephalus Highest commercial tonnage;
(Striped Mullet) Omnivore - feeds on detritus

and deposits; significant
human comsumption.

Micropogon undulatus

(Croaker) 20% of spring harvest;
Leiostomus xanthurus Carnivores - feed on small fish
(Spot) and shrimp; use estuary as nursery;
pool dwellers; significant human
consumption,
Callinectes sapidus Year round resident crustacean;
(Blue Crab) Omnivore - scavenger - feeds

on plant and animal material;
significant human consumption
from commercial and recreational
sources.

Each sample consisted of approximately 20 to 30 relatively
mature individuals of each species. Immediately after capture,
each individual was wrapped in aluminum foil, placed on ice, and
later frozen in the laboratory until they could be processed for
analysis. The samples were sent to the U.S. Geological Survey
(U.S.G.5.) Central Laboratory where the edible portions of each
organism were removed and homogenized into bulk samples for
mercury determination.

Results
A total of 807 interviews were conducted at the 15 siteg on

the north side of the St. Johns River. The participant profile
shown in Table 3 summarizes the results of the interviews. The
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distribution of meals per week is shown in the histogram in
Figure 2. Meals ranged from one per month to one per day.

The interview analysis in Table 4 shows for each location:
the number of trips made to that site, the number of interviews
conducted, the number of fishermen present and the number of
repeat interviews. These data were used in estimating the total
fishing population of 7,162 for the study sites. This calculated
total fishing population value was based on capture-recapture
principles. The initial capture is represented by all of the
fishermen interviewed less those questioned during the last sam-
ple since those individuals cannot be reinterviewed (807-26).
The recapture effect is seen in the total number of fishermen
which were interviewed an additional time (88). The fishermen
reinterviewed represent the dilution factor in the population,
hence, the number interviewed less the last sample multiplied by
the total number interviewed divided by the number of repeat
interviews (807/88) represents the total fishing population
(Figure 3.)

An analysis of fish caught (Table 5) shows the distribution,
by species, at each site. The dominant fish reported was croaker
(Micropogon undulatus), with catfish (Ictalurus sp.), spot
{Leiostomus xanthurus) and spotted seatrout (Cynoscion nebulosus)
also being taken 1n relatively large numbers.

Mercury analysis (Tables 6 and 7) showed a worst-case of
1.00 ug/g in catfish. The reported worst-case for water gquality
in the St. Johns River was 0.50 ug/1l (U.S.G.S. data}.
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Table 3. Profile of individuals interviewed, and meals per week
at which river fish/shellfish were consumed.

PARTICIPANT PROFILE

Average Median Range
Age 40.20 + 12.20 36.00 12,00 - 79.00
Family Size 3.40 + 1.50 3.00 1.00 - 10.00

No. of Meals/Week 1.40 + 0.659 1.00 0.25 - 7.00
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Figure 2. A comparison of the population interviewed and the
nuaber of meals of fish consumed per week.
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Table 4. Distribution analysis of interview information.
INTERVIEW ANALYSIS
No. of
No. of No. of No. of Repeat
Location Trips Interviews Fishermen Interviews

1. Bert Maxwell Park 20 42 60 2
2. S. Main Street 27 14 68 0
3. N. Main Street 29 108 125 19
4. Broward River Bridge 35 28 46 2
5. Dunns Creek Bridge 34 48 65 2
6. Dunns Creek Bulkhead 16 8 28 0
7. JEA Northside Generating Station 18 7 31 0
8. San Carlos Creek Bridge 28 7 22 1
9. Blount Island 0ld Bridge 46 305 444 36
10. Browns Creek Bridge 36 121 141 20
11. Clapboard Creek Bridge 29 45 64 5
12. Milton Drive 7 7 22 0
13, Sisters Creek Bridge 26 51 73 0
14. Haulover Creek Bridge 20 8 6 1
15, Huguenot Park 8 8 8 0
TOTAL 373 807 1,203 a8
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Figure 3. Fishing population estimate.
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Table S. The distribution of species caught at each of the 15 interview sites.

CATCH ANALYSIS

Site
Organism 1 2 3 4 S &6 7 8 9 10 11 12 13 14 15 TOTAL
Bass 31 0 103 26 38 7 1 2 110 143 28 35 12 16 10 562
Blue 4 0 6 0O 9 0 00 44 8 6 2 17 11 2 181
Brim 5 0 61 12 6 0 0 0 65 S8 60 0 0 0 O 267
Catfish 46 25 204 74 77 10 5 8 988 241 8 S5 172 17 1.0 1,968
Croaker 165 44 665 95 183 16 10 7 2518 941 367 O 192 ¢ O 23,320
Drum 4 3 33 10 1 7 00 9 60 13 5 2 1 0 270
Flounder 13 1 44 0 9 1 1000 23 40 8 2 0 1 4 266
Mullett ¢ 12 0 13 1 0 0 0 7 0 0 0 0 ¢ © 33
Sheepshead 1 1 82 4 3 0 00 4 97 7 2 3 0 0 241
Spot 8 18 9 19 85 10 1 0 676 562 219 0 139 0 © 1,835
Spotted Trout 16 2 69 30 75 1 0 8 151 359 75 30 23 26 54 1,705
whiting 6 3122 1 11 0 ©0 0 245 37 30 2 36 0 0O 486
YellowMouth Trt. 9 3 55 16 6 6 ¢ 1 72 31 18 20 19 0 O 256
Yellow Tail 0 6 81 16 31 15 0 4 9 97 79 0 309 0 O 728
Crabs 98 6 155 12 35 0 88 0 243 15 14 0 15 15 O 831
Unidentified Spp. 2 4 144 25 19 4 8 7 75 76 20 18 20 1 1 424
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Table 6. 1983 Mercury concentrations in prominent species.

MERCURY CONCENTRATIONS IN ST. JOHNS RIVER FISH - 1983

Maximum Average
No. Concentration Concentration
{ug/g) (ug/q)
Croaker 4 <{.01 <0.01
Spot 51 <0.01 <{(.01
Yellow Trout 11 0.14 0.06
Spotted Trout 5 <0.01 <0.01

Crab 11 0.03 0.02
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Table 7. 1984 Mercury concentrations in prominent species.

MERCURY CONCENTRATIONS IN ST. JOHNS RIVER FISHE - 1984

Maximum Average
No. Concentration Concentration

(ug/g) (ug/q)
Blue Crab lle 0.23 .12
Jacks 17 0.76 .46
Yellow Trout 19 0.37 0.17
Spotted Trout 13 0.23 0.13
Catfiah 20 1.00 0.52
Bluefish 3 0.57 0.50
Flounder 2 0.10 0.09
Spot 83 0.36 0.10
Red Bass 2 0.24 0.19

Mullet 27 0.31 .21
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Discussion

Mercury poisoning in humans may result from ingestion of
contaminated aquatic organisms. The maximum safe limit of total
mercury in water from which aquatic organisms are caught and
eaten was determined to be 0.10 ug/l (Sittig 1980). Mercury
levels of 0.50 ug/l were found in water samples from the St.
Johns River., The U.5. Food and Drug Administration (U.S.F.D.A.)
standard for mercury in fish flesh is 1.00 ug/g {(Sittig 1980);
the St. Johns fish have reached this level with a maximum concen-
tration of 1.00 ug/g in catfish and an average concentration of
0.18 ug/g for all species analyzed.

The worst-case contamination, calculated from test and
interview results, was ingestion ¢f 200 ug Hg/day (Figure 4.C).
This figure is based on the highest mercury content found in
collected fish and the maximum amount of fish consumed per person
per day as determined by interviews. The potential worst-case is
based on water contamination, potential bicaccumulation, and
maximum fish consumption per day which results in a value of 620
ug/day (Figure 4.D). The documented Lowest Observable Effect
Level (LOEL) ranges from 200 to 500 ug/day (Sittig 1980).

Although the mercury concentration in some areas of the St.
Johns exceeds the Florida D.E.R. limit of 0.10 ug/l, only one
species of the fish tested has met the F.D.A. standard of 1.00
ug/g. Yet, the observed worst-case contamination of 200 ug
Hg/day for individuals in this study is within the LOEL range.
The possibility also exists for an individual to regularly con-
sume 620 ug of Hg/day based on the potential bicaccumulation
factor of 6,200 and water quality data (maximum of 0.50 ugHg/1l)
(Figure 4.D). These levels of consumption introduce the poten-
tial for adverse health effects in humans.

The current mercury levels in the St. Johns suggest compli-
cations for individuals consuming fish from the river; therefore
monitoring should continue. This point may be illustrated by the
apparent increase in mercury concentrations in the fish from 1983
to 1984 (Tables 6 and 7 ). The possibility of the mercury levels
dissipating over time exists only if no further contamination
occurs. This is unlikely because of natural weathering processes
and industrial activities. Continual efforts should be made to
avoid additional mercury contamination of the river.
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Figure 4. Bioaccumulation and contamination calculations based
on the 1984 experimental data.

A. Observed Bicaccumulation Factor

B. Potential Biocaccumulation Factor:

Published Range
Adopted Average

Mercury Concentration in Fish

Mercury Concentration in Water

e e il it il vl e e

— e . . e . e g e e .

900 -,63,000 (Sittig 1980)

6,200

C. Observed Worst-Case Contamination

D. Potential Worst Case Contamination

*The biocaccumulation factor for fish and shellfish has an estimated

value of 6,200 (Sittig

1980).

1]

sumption/day)

200 ug/day

=0.5 ug/1 (6,200 X 0.2kg/day)

= 620 ug/day

(Highest Mercury Concentration
in Fish) (Highest Fish Con-

(1.00 ug/g) (200 g/day)

Water Concentration (Potential
Biocaccumulation Factor X Highest Fish Consumption/day)
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COLONIZATION AND UTILIZATION OF A CONCRETE ARTIFICIAL REEF
OFF THE GEORGIA COAST BY INVERTEBRATES AND FISHES

Matthew R. Gilligan

Introcduction

The efficacy of using artificial reefs to attract fish and
as a fishery management tool is well known {Bohnsack and
Sutherland 1985), especially in Japan where they are intensively
and extensively used in commercial fisheries (Vik 1982). In the
United States, they have been developed by all levels of
government and private organizations principally to enhance
recreational and sport fishing (Steimle and Stone 1973,
Artificial Reef Development Center 1985). Artificial reefs have
been used as a mitigation measure to offset the loss of marine
habitats by ccastal development (Bair and Feigenbaum 1984), and
methods to measure the economic value of artificial reefs in the
U.S. have been proposed (Sport Fishing Institute 1985).

Artificial reefs serve to attract and concentrate fishes by
1) functioning as orienting devices for adult midwater and
migratory schooling fishes (e.g. jacks, mackerels, barracudas,
Atlantic spadefish, cobia), 2) providing sites for colonization
of the planktonic larvae for reef fishes (e.g. snappers,
groupers, tropicals) and, 3) providing habitats for resident reef
fishes. The spatial heterogeneity of reefs in general and reef
height diversity in particular (Molles 1978) seem to contribute
to higher reef-fish species diversity while higher productivity
of some target reef fish species {e.g. black sea bass) seems to
be a result of low reef profile and wide spatial distribution of
reefs (Feigenbaum 1984). Floating structures suspended in the
water column (Fish Attracting Devices of FADs) attract baitfish
schools and larger pelagic fishes offshore, but improvement of
fishing nearshore (near fishing piers) has not been unequivically
shown {(Murray et al. 1985).

It is evident to both researchers and fishermen that
artificial reefs increase finfish productivity when placed in
reef-poor localities. In 1983, no less than seven Georgia
saltwater gamefish records were fishes taken at artificial reefs
in Georgia (Savannah Sport Fishing Club 1984}. It has not been
shown, however, that artificial reefs actually increase the net
production of the shelf. 1In other words, would the primary
productivity which ends up as reef fish biomass have ended up as
just as much fish biomasses in a benthic or pelagic ecosystem?
If it does, then it would be improper to say that artificial
reefs increase shelf production. Davis et al. (1982) showed that
artificial reefs can change the composition and density of

Marine Biology Program, Department of Biology and Life Science,
Savannah State College, Savannah, Georgia 31404
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adjacent benthic communities up to 200 m away. Testing a shelf-
wide hypothesis may be nearly impossible.

It is also difficult to compare the production cf fishes on
natural reefs to that of artificial reefs. WNatural reefs show
wide geographically and topographically-related variation in fish
community structure (Hiatt and Strasburg 1960, Jones and Chase
1975, Gilligan 1980, Thomson and Gilligan 1983). Comparisons of
artificial to natural reefs have been made and, in general,
artificial reefs seem to attract higher densities of fish than
natural reefs. However, most of these studies (see Bchnsack and
Sutherland 1985) have not standardized, quantified, or
replicated, reef structural complexity and distribution, factors
that may significantly effect their utilization by fishes and
have not addressed guestions of production, productivity, and
reef fish community structure.

For the most part, Georgia's broad sandy shelf is reef-poor.
The only significant natural reefs (also called live bottoms) are
located 35 miles offshore in the 30-40 m isobath range {e.q.
Snapper Banks) and 18 miles offshore in the 18~-21 m isobath range
(e.g. Gray's Reef Naticnal Marine Sanctuary). Since 1970, the
Coastal Resources Division of the Georgia Department of Natural
Resources and local sport fishing organizations have undertaken
the deployment of artificial reefs in the near-shelf zone (<20 m
depth) to enhance recreational and sport fishing resources of the
coast. To date, the effort totals 130,000 scrap automobile tires
and 14 surplus vessels ranging in length from 33 to 444 feet at
eight buoy-marked locations along the coast. The selection of
materials to be used in these reefs was usually based upon
material and transport availability (donations), and considera-
tions regarding the persistence of the material once in place
(will it move or break up causing a hazard/nuisance to shipping
or commercial fishing?; Ansley, pers. comm. 1983),

On March 31, 1983 through efforts of the Savannah Sport
Fishing Club, Inc. and other contributing organization and indi-
viduals, 407 tons of surplus precast concrete culvert and pipe
material comprizing 249 pieces was offlcaded from a barge in the
area of an alread% established artificial reef (reef 'L'; buoy
at 31° 45.4 N., 80° 36.5 W.) establishing Georgia's first
concrete reef, The purpose of the effort was to enhance recrea-
tional and sport fishing.

In view of 1) increasing coastal populations and demand for
fishing resources, 2) the increasing role of private sport
fishing groups in artificial reef development and 3) recent
federal legislation designed to make it easier for private
organizations to build fishing reefs, there is a need for
information on artificial reef type effectivness and persistence
in the South Atlanti¢ Bight. This report summarizes an effort to
develop techniques for monitoring the colonization of the reef by
invertebrates and fishes.
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Methaods

The concrete material used for the reef consisted of 249
commercial, iron-reinforced precast culvert and pipe sections.
The cylindrical and box-like structures were up to 2.4 m in
longest dimension with one or two open sides and smaller
openings. Some smaller pieces and rubble were created incidental
to the lcading and dumping process.

The material was unloaded from an unachored barge over an
area of approximately 100 by 200 meters (depth 18-20 m) in the
vicinity (100 m at 120-130 degrees magnetic from the maintenance
buoy) of the Gecorgia Department of Natural Rescurces artificial
reef 'L' which is located 20 nmi (nautical miles) ESE of Wassaw
Island, Georgia (Figure l1). Materials already at the site, which
was established in March 1977, include two steel barges, 2,000
tire units and a 150-foot dredge.

Monthly sampling, visual observation and photography
programs were conducted for five months after the material was
dumped (table 1), Each month, during one 50-minute SCUBA dive at
the reef site (depth 18-20m), small, loose pieces of exposed
concrete with marine growth were collected, a rapid visual
asgsessment of fishes was done, and close-up underwater
photographs of concrete surfaces were taken. Following the five
monthly visits, close—up photography and visual assessment was
done three times over the next 13 months.

Concrete samples were returned to the laboratory where they
were analyzed for the size, density and diversity of encrusting
growth. Each rapid visual assessment of fishes was done near at
least three large concrete pieces and recorded on water-resistant
paper and underwater clipboard. No predetermined swimming
pattern, transect, or search pattern was followed for the visual
assessment. Each species seen on or around the concrete and
estimtes of the average sizes of individuals were recorded.
Underwater close-up photography of ocutside, inside and edges of
concrete structures was done using a Nikonos IV-A 35 mm camera,
SB-101 electronic flash, 1:3 close-up extension tube, 35 mm lens
and either Kodachrome 64 or Ektachrome 64 {ASA 64) transparency
film. Water temperature, salinity and an estimate of water
clarity (visibility) were also noted during each trip to the
reef.

Results
Invertebrates

Colonization of the concrete surfaces by barnacles, bryozoan
colonies, serpulid worms, hydroid colonies, algae, ascidian
colonies, anemones and sponges was rapid. Barnacle settlement
and growth was most dramatic during the first five months.
Underwater photographs showed nearly 100 percent cover of con-
crete surfaces by barnacles on some concrete surfaces after only
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one month. Densities and barnacle sizes are given in Table 1.
Maximum barnacle densities were observed on outside concrete
surfaces particularly near upper edges of the structures while
inside surfaces remained relatively clean (<0.01 barnacles/cm2).

After the first month, hydroid colonies had grown to 1 ¢m in
height, and the calcareous tubes of serpulid worms were detected
on concrete surfaces. After the second month, the serpulid worms
were well established and two kinds of byozoans {flat colonies in
calcified radiating rows and branched stalk colonies) were estab-
lished. After the third month, some of the flat bryozoan
colonies had overgrown serpulids and barnacles or met other
colonies in a stand-off, ascidian colonies had become
established, and many surfaces were still dominated by barnacles.
After the fourth and fifth months, the increasingly complex
encrusted surfaces had acquired anemones, filamentous red algae,
crustaceans (amphipods and decapods), gastropod mollusks,
sponges, octoceorals, and astercidean echinoderms.

Fishes

Results of the visual observations of fishes are summarized
in Table 2. All 20 of the fish species seen on or near the
concrete during the study are common near natural and artificial
reefs of the inner and midshelf of the South Atlantic Bight
{Gilligan ms).

Adult black sea bass were common in and around the concrete
after only one month. Most of the fishes utilizing the reef
during the study period were adults of resident reef species that
have planktonic (drifting) eggs and larvae rather than those that
deposit their eggs on the reef (e.g. blennies, gobies, damsel-
fishes). Small juveniles of the black and rock sea bass,, sand
perch, scup, gray triggerfish, squirrelfish, and whitespotted
soapfish were cobserved at the reef indicating that not all colon-
ization was by the migration of adults from nearby established
reefs. Pelagic fishes (e.g. jacks, mackerals, cobia) were not
easily observable due to poor visibility (<8 m) during most of
the visits.

Characteristic of inner and midshelf reefs of the Georgia
Coast, the density and diversity of fishes decreased dramatically
during the winter months (data not included).

Discussion

Higher densites and growth of barnacles on the outer sur-
faces and edges of the concrete structures suggests that either
the rate of planktonic propagule (egg or larva) arrival is higher
in these areas or that, once settled, feeding rates, hence growth
rates were higher in these areas. Since this area of the shelf
if characterized by significant currents and since propagule and
food-bearing water currents near exposed surfaces would likely be
higher than near protected inner reef surfaces, this might
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explain both higher immigration and faster growth on exposed
surfaces. The barnacle data shows that colonization is a
constant process since small size barnacles (newer colonists)
were present in all areas throughout the study. Growth
inhibition is not suspected because mean barnacle size was not
significantly lower in high density area.

The physical appearance of the encrusting growth persisted
while fish diversity declined during the winter. Close-up
underwater-photographs revealed that the growth and colonial
proliferation among colonizing sessile species, which began
within months of placement, were characterized by inter- and
intra-specific competition for space resulting in a mosaic of
encrusting growth. More importantly, the added dimensionality
and topographic complexity of the reef created by the encrusting
growth (e.g. barnacles, bryozoan colonies, serpulid worms,
hydroid colonies, ascidian colonies, anemones and sponges) ap-—
peared to permit a succession of other organisms to establish
themselves on the reef (e.g. small mollusks, c¢rustaceans, anne-
lids, echinocderms and fishes). The resulting wider resource
spectrum of the reef. (i.e. food and microhabitats) could, in
turn, further increase the species diversity since, in general, a
wide resource spectrum in a habitat permits more species to
coexist.

Lowered fish diversity and abundance at the reef during the
winter is most likely the result of low water temperature.
Winter sea temperatures at this site, which is near the inner/
midshelf margin, average less than 15° C (Atkinson, pers. comm.).
These temperatures are near if not below the lethal thermal
minimum of many tropical species which are common on natural and
artificial reefs in this area during the summer and fall.

It appeared that the shape of the concrete structures, while
large and stable, 4id not initially provide the smaller holes and
interstices necessary as refuge for smaller fishes especially the
post larvae and juveniles of reef species. During the first
months, juveniles and smaller reef fishes were normally seen only
in broken concrete rubble. It appeared that appropriate refuges
for juvenile reef fishes were in short supply on most of the
structures during this early period. This was particularly
evident on occasions during visual observations when juvenile
reef fishes (e.g. whitespotted socapfish) were observed lying
flat against partially encrusted concrete surfaces—--no other
cover {e.g. crevice or hole) being available.

Dumping of the 249 concrete units individually from an
unanchored barge resulted in a scattered pattern on the bottom,
although some aggregations of 8 to 13 units each were found. The
inability to survey the entire reef prohibited making overall
assessments of fish population at the reef. Poor visibility
during visits to the reef necessarily decreases the accuracy/
repeatability of visual assessment of fishes. The data from the
visual agssessment must also be viewed in light of a significant
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but unquantified harvest of fishes from the reef by recreational
fishermen, divers, and commercial trap fishing. Nonetheless, the
methods developed and employed in this study may be useful in
future efforts to identify the important structural and
ecological factors that determine the productivity of artificial
reefs of the South Atlantic Bight.

Biclogical studies of artificial reefs coupled with
oceanographic, hydrographic, and climatological information are
necessary to predict and understand the praocesses that regulate
the productivity of both artificial and natural reefs. Improved
quantitative assessment of artificial reefs, reef communities and
biotic changes that occur on them are necessary to effectively
evaluate artificial reef type effectiveness {Bohnsack and
Sutherland 1985). The information derived from artificial reef
studies will be directly or indirectly useful to those who
develop, manage, and use them,

This study was funded in part by Savannah Sport Fishing
Club, Inc. Savannah, Georgia.



237

Table 1. Summary of barnacle growth and density on the concrete
artificial reef at the 'L' buoy during the first four months
after placement. md = mean barnacle density in individuals per
cm2 in the most dense areas of barnacle growth, mxd = maximum
barnacle density in individuals per cm2, ms = mean barnacle size
in millimeters (longest basal dimension), mxs = maximum barnacle
size, and mns = minimum barnacle size.

Date md mxd ms mxs mns
4—-29-83 11.0 14 3.23 4.1 2.3
h=-29-83 8.7 12 4.89 6.1 1.8
6-25-83 4.9 () 5.13 10.8 1.3

8-09-83 4.3 6 6.84 15.2 1.5
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Table 2. Results of visual observations fishes at the concrete artificial reef
at 'L' buoy during five monthly visits to the reef after its establishment.

j=juveniles, a=adults, ( ) = estimated size or size range of individuals in
centimeters,
Species 4/29/83 6/25/83 8/9/83 9/9/83
1. Centropristis striata
black sea bass a(30) j(4-5) j(5-6) a
2. Haemulon Aurclineatum
taontate a(ls) a a a
3. Stenotamus caprinus j(4-5)
longspine porgy a(l2) a(l5-20) a
4. Decapterus punctatus
round scad a a
5. Hemipteronoctus novacula
pearly razorfigh a a
6. Centropristis philadelphica
rock sea bass - j(6-7) a
7. Ur sis earli
Caolina hake a a
8. Chaetodipterus faber
Atlantic spadefish a
9. Archosarqgus probatocephalus
ad a(35)
10. Balites capriscus
gray triggerfish a{25)
1l. Diplcdus holbrocki
spottail pinfish a{15-20)
12. 'Rypticus maculatus
whitespotted soapfish (6-7)
13, Holocentrus sp.
squirrelfish (6)
14. Calamis leucosteus
whitebone porgy a(30)
15. Halichoeres bivittatus
slippery dick a
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Table 2 continued:

Species 4/29/83 5/29/83 6/25/83 8/9/83 9/9/83
16. Diplectrum formosum

sand perch a
17. Stentams chrysops

sCup a a
18. Hypleurochilus geminatus

crested blenny a
19. Monocanthus hispidus

planehead filefish j
20. gphyraena barracuda

great barracuda a
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Figure 1.

Map of the Georgia coast showing the location of Georgia Department of
Natural Resources Artificial Reef ‘L' at 31 45.4N and 80 36.5 W near the
20m isobath.
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ONTOGENETIC AND SEASONAL PATTERNS OF OSMOTIC AND IONIC REGULATION
AND THE ENERGETIC COST OF A VARIABLE SALINITY ENVIRONMENT
IN THE STRIPED MULLET, MUGIL CEPHALUS L.

Frank G. Nordlie

Introductions

No teleost fish group more fully typifies the euryhaline
condition than the mullets (family Mugilidae) which are ubiqui-
tous in coastal marine and brackish waters, and frequently in
connected fresh waters, throughcut temperate, subtropical and
tropical zones of the world (Nelson 1976). One of the most
abundant of these fishes and the best known in this part of the
world is the striped mullet, Mugil cephalus L. The present paper
will explore some of the environmental problems facing this
species through its life history in ccastal waters and salt
marshes of southeastern United States.

Based on information contained in reviews of Breder and
Rosen (1966), DeSilva (1980), and supported by the extensive work
of Kilby (1949, 1955), Mugil cephalus populations spawn offshore
in marine waters where the zygotes develop and hatch. The devel-
oping larvae/juveniles migrate toward shore, and the successful
individuals move into estuarine and tide-marsh channels and some
ultimately into the shallow pools of tide marshes. Here they
continue to develop for a varying portion of their first year of
life, following which they may move to deeper channels of the
tidal system, go into fresh water tributaries, or return to sea
for varying periods (including spawning migrations after sexual
maturation). The factors determining the directions to be taken
remain unknown. Obviously a species with such a complex life
history faces extreme variability in several key environmental
conditions in its life, but especially in ambient salinity and
temperature. This paper, while not pretending to be all-
inclusive, will explore some aspects of physiological responses
to these environmental conditions,

Since the goal of this symposium is to assess potential
environmental impacts of coastal development in Northeastern
FPlorida and Southeastern Georgia, Mugil cephalus is certainly a
species whose environment stands to be altered by such cultural
activities,

Department of Zoology, University of Florida, Gainesville,
Florida 32611
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Methods

Ontogensis of Osmotic Regqulatory Capacity

Juvenile individuals of Mugil cephalus were obtained by
seining in Gulf coast salt marshes near Cedar Key, Florida,
through the winter and spring months. They were returned to the
laboratory in Gainesville, and subjected, in laboratory acclima-
tions, to a series of experimental salinities ranging from fresh
water to full sea water, at an ambient temperature of 22+ 2°¢ and
on a photoperiod of 12L:12D. All acclimations were continued for
a period of 14 days before individuals were transferred to the
next salinity in the acclimation series or untill blocd sampling
was carried out.

Osmotic concentrations were determined using a Wescor model
5100B vapor pressure osmometer on 5 Hl plasma samples. Even so,
it was generally necessary to pool plasma from two or three
individuals in order to obtain the necessary 5 Hl of plasma.
Blood was taken by blind sternal puncture using heparinized
(ammonium heparinate) microhematocrit tubes that had been drawn
out to fine tips and broken off to the appropriate diameter. The
procedures were described by Nordlie et. al. (1982). Lengths are
expressed as standard lengths (SL}.

Osnmotic Regulation as Influenced by Environmental Temperature

Groups of individuals averaging ca. 18 gm in body mass
{roughliy 10 cm SL) were collected, using a cast net, from salt
marshes adjacent to the Matanzas River near the Whitney Marine
Laboratory on the Florida east coast. These individuals were
returned to the laboratory in Gainesville, and subjected to
laboratory acclimations. Groups of individuals were acclimated
to a series of ambient temperatures, controlling the ambient
salinity (34.5+ 1%9/c0) and the photoperiod (12L:12D). Again, all
acclimations to a given set of conditions extended for a period
of 14 days. Plasma samples were taken from individuals of each
acclimation group following a l4-day acclimation to the ultimate
acclimation temperature (starting from 20°C and working in 5°C
alterations upward or downward until the desired acclimation was
achieved. Blood was taken from the caudal artery by severing the
caudal peduncle and allowing arterial blcod to flow into heparin-
ized (ammonium heparinate) collecting tubes. Plasma osmotic
concentrations were determined on 200 Hl samples pooled from the
several individuals in an acclimation group. Determinations of
osmotic concentrations were made on a Precision Systems osmo-
meter, Other aspects of the techniques were described in Nordlie
(1976} .

Respiratory Demands as Influenced by Variations in Environmental
Salinities

Individuals ranging in body mass £rom 10 to 37 gm were used
in these studies and were captured by means of seines and cast
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nets from Gulf coast salt marshes near Cedar Key, Florida. They
were returned to the laboratory in Gainesville and subjected to
controlled acclimations. Ambient temperature was maintained at
25 + 19C with a photoperiod of 12L:12D. Individuals were
acclimated to the test salinities for a period of 8 days before
metabolic determinations were carried out. Rates of oxygen
consumption of intact individuals were measured in closed
systems, using opaqued Erlenmeyer flasks of appropriate volumes
as respiration vessels and following the decrease in 0, pressures
in the vessels. Determinations of 0, pressure were made using a
Radiometer p0Q, electrode. The techniques were applied as
described by ﬁordlie and Leffler (1975).

Individuals utilized in all parts of the work were fed
Tetramin R and all statistical procedures utilized followed Sokal
and Rohlf (1969).

Results

QOamotic Regulatory Capability as a Function of Body Size

Determinations of osmotic regulatory capacity of juvenile
Mugil cephalus were carried out over a range of sizes from 25 mm
to 105 mm (SL) after laboratory acclimation tc a series of
ambient salinities. This study was carried out to determine
whether or not the smallest (youngest) individuals found in the
salt marshes showed any qualitative differences in osmotic regu-
latory characteristics from individuals of progressively larger
sizes. Also, the salinity tolerances of these individuals were
investigated over the ambient range from fresh water to normal
sea water (Nordlie et al. 1982). Results of these analyses are
represented in Fig. 1 (taken from Nordlie et al., 1982). First,
it was found that the smaller juvenile mullet (25 and 35 mm SL
groups) did not survive the acclimation to fresh water, so their
osmotic requlatory characteristics are represented only for
salinities of S% sea water through 100% sea water. Individuals
of larger sizes (55 mm SL and larger) survived acclimation over
the entire salinity range from fresh water through full sea
water. Second, it was also determined that the overall osmotic
regulatory capability gradually improved with development tc a
length of ca. 55 mm. Beyond this size, the responses at a series
of ambient salinities from fresh water to full sea water are
roughly those of small (and presumably larger adult individuals
of the species (>105mm) ({(Nordlie et al. 1982},

Osmotic Requlation as Influenced by Environmental Temperature
vVariations

The range of ambient temperature encountered by individuals
of this species among the various habitats potentially occupied
by developing individuals or adults in a year's time in coastal
waters of this part of the world can easily extend from a low of
10°C to a high of 30°C. The pattern of responses in plasma
osmotic concentrations to a series of environmental temperatures
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Figure 1.
Plasma osmotic concentrations {m0Osm/Kg) as functions of ambient

salinities (% of full sea water) for juvenile Mugil cephalus of a
series of lengths (SL in mm) (From Nordlie et af., 15551.
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within this range in an environment of normal sea water was
investigated in laboratory acclimation studies involving
juveniles of a relatively uniform size (ca. 18 gm--10 cm SL).
Results of this analysis are found in Table 1. It can be seen
from these data that there are significant alterations in the
plasma osmotic and ionic concentrations with alterations in
ambient temperature.

The data in Table 1 show that there were consistent reduc-
tions in the concentrations of Na' and €1~ and in the total
plasma osmotic concentration as the acclimation temperature was

guentlally reduced in 5°C steps from a high of 30°C to a low of
. One can also look at these alterations in the opposite
way, following the increases in Na' and c1” and plasma osmotic
concentraticons with increases in accllmatlon temperature. NoO
significant alteration was found in K* concentration with altera-
tions in ambient temperature.

Respiratory Demands as Influenced by Variations in Environmental
Salinities

As respiratory oxygen demands of organisms are altered
through variations in ambient temperatures, they may also be
altered by variation in ambient salinities and by temperature x
salinity interactions. There have been relatively few studies of
any complexity attempted to determine possible implications of a
euryhaline mode of existence on respiratory oxygen demands in any
teleost species. Some of the host of questions that can be asked
about such interactions were posed in reference to Mugil cephalus
{(Nordlie and Leffler 1975). In that study we assumed that at
least one likely pathway by which metabolic demands of the
organism might be altered as salinity varied was through the
ionic and osmotic requlatory processes. A summary of the
thermodynamically minimal energy demands of the ionic transport
process is as follows (Lehninger 1971):

o €2
GO = RTIn --*-
1

where R is the molar gas constant (1.984 cal/®-mol), T is the
absolute temperature, and C, and C; are the molar concentrations
of a gpecific ion being transportedlfrom compartment 1 to
compartment 2.

We hypothesized that in the ideal compensation system this
cost would be minimal where environmental and blood concentra-
tions were equal and would rise progressively in more and less
dilute environments (that is, where there are progressively
greater differences between environmental and bloed ionic and/
orosmotic concentrations.) This is what we found to be the case
in Mugil cephalus with respect to the overall osmotic concentra-
tion as can be seen from Figure 2. However, this is by no means
a universal pattern of response in respiratory oxygen demands to
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Table 1

Ionic and Osmotic Concentrations of Mullet Plasma as Functions
of Acclimation Temperatures

Acclimation
Temperature

10

15

20

25

30

(“c)

=i

(Fram Nordlie, 1976)

Plasma Ion Gog'_lcentrat ions_

Na® K a
158.8 10.7 138.8
1.1 0.8 0.9
12 12 12
164.2 7.7 142.0
2.0 0.6 1.6
11 11 11
166.9 10.3 144.8
1.4 0.3 0.5
39 38 39
176.3 6.8 155.1
2,2 0.8 1.6
23 23 23
178.0 10.5 158,2
2.2 0.5 2.1
5 5 5

Plasma Osmotic
Concentration mOsm/kg

323

335

341

364

378
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Figure 2.

Oxygen uptake (ml of 0,/gram/hour) as functions of ambient

salinity (m0sm/l1) in juvenile Mugil cephalus accli
_(mOs climated to the
E:;g)salxnltxes (25 + 1°C) (redrawn From Nordlie and Leffler,
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altered ambient salinities as was later pointed out by Nordlie
(1978). Based on further work and a search through the
literature I suggested that there are at aleast four basic
patterns of response in respiratory oxygen demands to variations
in ambient salinity as seen in Table 2,

Discusgsion

Neither the zygotes nor newly-hatched fry of Mugil cephalus
are truly euryhaline. Sylvester et al. (1975) demonstrated that
the optimal salinity for development of embryos of striped mullet
(incubated at 19.5-20.5°C) was 30-32%/0c, with less than 50%
survival at salinities below ca. 29°/co. No upper salinity limit
was set in that work. Lee and Menu (1981) looked at bhoth ends of
the salinity spectrum and demonstrated better than 50% hatching
success at salinities ranging from 15 to 55°/00. However, the
optimal salinity range (22-22.5°C) was found to be from 30 to
40°%/00 with the peak at 35%/co. While there was good hatching
success outside of this range, many anatomical anomalies were
noted in the developing embryos.

Sylvester et al. {1975) found that the optimal salinity
range for the survival of newly-hatched larvae was lower than
that for egg development, at 26-28°/o0c. The range of salinities
within which there was 50% or greater larval survival was roughly
from 25 to 35°%/00. This was interpreted to indicate an adapta-
tion to an estuarine environment in the larvae.

Obviously salinity tolerances of M. cephalus extend over a
wider range (at least toward the more dilute end of the scale) in
the older and larger juvenile stages evaluated here (>25 mm SL).
Kilby (1949) reported that the smallest juveniles that he took in
Gulf shore waters were of lengths of 16 mm, or appreciably smal-
ler than the smallest individuals used in this study. It is not
yet known when in the developmental seguence the extensions of
salinity tolerances and improvements in osmotic regulatory capa-
city begin to develop. From the results cited here (from Nordlie
et al. 1982), it is obvious that these capacities are at least
not in their definitive state by the time the juveniles enter
brackish waters. Certainly it appears that individuals of small
sizes (<55 mm) are vulnerable to very low salinities. It is
suggested here that the juveniles migrating in salt water and
newly-arrived in brackish waters are most vulnerable to sudden
reductions in salinity and this vulnerability is reduced as the
individuals develop. By the time they have reached a length of
ca. 55 mm they achieved salinity tolerances and osmotic regula-
tory capacities (at least under the experimental environmental
conditions investigated) roughly similar to those of small
adults. Since it is known that larger individuals of this
species can tolerate salinities in excess of 2X that of sea water
{McFarland 1365; Gunter 1967), and that individuals of ca. 10~

15 cm SL are already capable of tolerating salinities of at least
1.6 X sea water (ca. 55°/00) (Nordlie and Leffler 1975), this
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Table 2

METABOLIC RESPONSES TO ALTERED SALINITY IN TELEOST FISHES

Response
Type

I.

II.

III.

IvV.

{After Nordlie, 1978)

Description

The rate of oxygen consumption is not significantly
altered over a wide range of environmental salinities
(freshwater to normal sea water).

The rate of oxygen consumption is minimal at an ambient
salinity that is isosmotic with the blood. Rates of
oxygen consumption "increase at lower and higher
salinities.

The rate of oxygen consumption is minimal at the optimal
salinity for the form and is at other than the isosmotic
level. Again, rates of oxygen consumption increase as
functions of the osmotic gradient in more and less
saline waters.

Rates of oxygen consumption are maximal at the optimal
salinity for the form and rates of oxygen consumption
are depressed at salinities higher and lower than the
optimal level,
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tolerance of hypersaline waters must also develop relatively
early. Salinities in excess of those of normal sea water are
frequently produced by evaporation in the shallow salt marshes at
low tide during hot, dry weather or on a longer term basis in
more or less 1solated lagoons. Again, we predict that the
migrating and newly-arrived juveniles are potentially most
vulnerable to the stresses at increased salinities.

A few workers have focused their attention over the years on
the influences of environmental temperature on osmotic regulatory
capacities of various species of ectotherms. Wikgren (1953)
published one ¢f the early classics in this area demonstrating
that salinity tolerances were altered as osmotic requlatory
ability of a species was influenced by environmental temperature.
Prosser, Mackay and Kato (1970) generalized from their, and
other, findings that plasma inorganic electrolyte concentrations
decrease with increasing ambient temperatures and increase with
decreasing ambient temperatures in marine fishes (or in euryha-
line fishes in a marine environment). The reciprocal was said to
be true of freshwater fishes. The basic assumption here was that
at colder temperatures, the ionic/osmotic regqulatory systems
functioned less well than at higher temperatures and this dif-
ferences between internal and external concentrations were
reduced. We have ignored here the accumulation of organic "anti-
freeze"” substances in the bloods of fishes that occupy environ-
ments reaching subzero temperatures (e.g. Scholander et al.,
1957; Umminger, 1969b), Umminger (1971) demonstrated that there
was somewhat more variability in total osmotic response patterns,
at least of freshwater fishes (or of euryhaline fishes in a
freshwater environment) than Prosser, Mackay and Kato (1970) had
suggested. However, he agreed that their conclusions with res-
pect to the plasma inorganic electrolytes were generally correct.
An unexpected result of the present work was to discover that
Mugil cephalus does not respond to temperature in its plasma
osmotic concentration and inorganic electrolytes as one would be
led to expect of a euryhaline teleost in marine waters. Other
euryhaline forms such as Fundulus heteroclitus and F. grandis
(Umminger 1969a, 1970) do show expected response patterns both in
fresh and in marine waters. Hordlie speculated (Nordlie 1976)
that the response pattern observed in M. cephalus might, in fact,
represent an adaptation (or stress response), not to reduced, but
rather, to increased environmental temperatures. At high
environmental temperatures saturation levels of dissolved oxygen
are reduced and ambient levels would be expected to be even lower
in tide marshes where there is a significant accumulation of
suspended and deposited organic material. Under such potentially
stressful conditions, a partial relaxation of osmotic and ionic
regulation should ease the metabolic burden on the organism and
thus reduce the oxygen demands in an oxygen-poor environment.
While this hypothesis has not been tested directly, the data and
conclusions of Cech and Wohlschlag (1982) provide indirect sup-
port. They demonstrated adjustments in respiratory, ventilatory
and hematological patterns in Mugil cephalus correlated with the
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problems of obtaining respiratory oxygen during the warmest part
of the summer and at the onset of the fall spawning migration.

In as yet unpublished work, Hordlie found in a preliminary
investigation that ionic and osmotic concentrations in Mugil
cephalus acclimated to hard freshwater were not significant%y
altered at acclimation temperatures ranging from 30°C to 10°cC.
Tentative conclusions are that, while Mugil cephalus is obviously
capable of tolerating a wider range of ambient temperatures than
that utilized in the present study (10°C-30°C), it demonstrates a
stress response within this range, to increased temperatures in
marine waters but not in fresh waters. It seems logical that the
ambient temperature ranges from 10°9C on down toward 0°C, and from
30 to 35 or 409C should alsc be investigated. Whatever
additional information these extensions might provide, it is
already clear that Mugil cephalus is influenced in its osmotic/
ionic regulatory capacity by environmental temperature.

It has been well documented that a contributing cause of
death in fishes subjected to rapid change in temperature {(upward
and/or downward) is the disruptive influence of such temperature
changes on the osmotic/ionic regulatory processes of the
individuals (Wikgren 1953; Heinicke and Houston 1965; Stanley and
Colby 1971). One expects, based on the lesser salinity
tolerances of smaller Mugil cephalus that these smaller
individuals would be more stressed by abnormal temperatures or
salinity temperature combinations than would larger individuals.

There are some data in a study by Carr and Giesel (1975} on
effects of high temperature conditions in coastal salt marshes
r(Jacksonville area) that serve as a nursery area for a number of
marine forms, including Mugil cephalus, and also serve as receiv-
ing waters for the effluent waters from the cooling systems of a
nuclear power plant. They found that while there was an obvious
reduction in the utilization, by juveniles of most teleost
species, of creeks receiving such heated waters, that juvenile
mullets (here M. cephalus and M. curema) remained roughly as
abundant as in a control area, an unaffected creek. One expects
that it is not such constantly extreme conditions (at least
within limits) that seriously disrupt regulatory processes, but
rather changes in temperature. However, a shutdown of the cool-
ing systems and thus of warm water discharge during the colder
period of the year might have devastating effects on the juvenile
fishes inhabiting such affected areas. It would be expected that
individuals of M. cephalus would be more vulnerable to the
effects of elevated temperatures and leas to those of reduced
temperatures than would those of M. curema. This conclusion is
based on the work of Moore (1876) who concluded that M. cephalus
is more of a temperate-subtropical form and M. curema is more of
a tropical form based on a comparison of ranges of temperature
tolerances and of geographical distributions of the two forms.
Moore agreed with the conclusion of Liao, et al. (1972) and Nash
and Kuo (1975) that the optimal range of temperature, including
for spawning, in M. cephalus was roughly 20 to 24°C. Obviously
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the tolerable ranges, for at least some life stages, extend well
beyond these limits. However, it is likely that normal develop-
ment, and especially the development of reproductive readiness
and its ultimate successs, will occur only within fairly narrow
ranges of environmental temperature and salinity and their
combinations.

The possible impacts of altered environmental conditions,
other than of temperature influences, singly or in cencert, on
metabolic demands of organisms, have been largely ignored,
perhaps mainly because of the difficulty of conducting such
studies even in the laboratory. The work summarized here on
Mugil cephalus (Nordlie and Leffler 1975) shows this species to
have lowest respiratory oxygen demands (and, we assume lowest
total metabelic demands) at ambient salinities roughly equivalent
to the blood plasma concentration (at 25 + 1 ©Cc). Metabolic
demands then increase in either direction from this salinity.
Thus, we suggested that such a species commits least energy to
the demands of maintenance of osmotic/iconic concentrations in
this ambient zone. - This would allow greater energy commitments
to growth and reproduction at such salinities. This hypothesis
was supported by findings of DeSilva and Perera (1976) who found
juvenile Mugil cephalus to have lower food intakes, greater
growth rates and higher conversion efficiences at brackish
salinities. However, while food intake was least and conversion
efficiency was highest at an ambient salinity of 10°/0o, highest
growth rate in their study was attained at an ambient salinity of
20°/00, but only with an unlimited food supply. On a restricted
ration only the individuals in an ambient salinity of 10°%/00
survived. An ambient salinity of 10°/co is roughly equivalent to
the average plasma osmotic concentration of this species. The
results of a limited investigation by Marais (1978) of the
influences of a series of ambient temperatures on the routine
metabolic rate of juvenile Mugil cephalus at salinities of 1°9/c0
and 35%°/00 showed results similar to ours with respect to
salinity effects for this limited salinity series. He also
showed that metabolic rates increased with temperature increases
from 13 to 23°C in both 1°/00 and 35%/00 media, but at ambient
temperatures of 28 and 33°C, metabolic rates were depressed at
both environmental salinities. This again suggests that Mugil
cephalus, while tolerating high ambient temperatures, shows
stress responses at ambient temperatures well below the maximum
tolerable levels. These data again support the hypothesis that
the increased osmotic/ionic concentrations at elevated
temperatures represent an adaptation in Mugil cephalus to reduce
metabolic demands at such temperatures.

Speculating on the possible impacts of altered environmental
conditions on species (Table 2) showing other types of responses
in metabolic rates to altered salinities leads to the conclusion
that all forms obviously have limits within which they can res~
pond to salinity alterations and that most species show some
response in metabolic demands to salinity alterations. I have
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found that these various types of responses are at least corre-
lated with the ionic (and osmotic?) regulatory patterns of the
various species studied as they respond to altered salinities,
Every species, be it a teleost fish, alga, crustacean, or bac-
terium, has a set of environmental tolerances for each stage in
its life history. In some instances the tolerable ranges of
environmental conditions do not vary much over the life-time of
the individual. However, for some forms there are dramatic
ontogenetic alterations in certain tolerance patterns and thus in
the need of predictability of environmental conditions of certain
habitats for survival and/or successful completion of a life
cycle. Mugil cephalus is a species showing the latter pattern of
ontogenetlc variations in environmental tolerances accompanying
ontogenetic shifts in habitats and thus in requirements for
predictable ranges of conditions--here temperature and salinity--
in the specific habitats utilized at various times in the
developmental sequence. It seems reasonable to conclude from the
information now available that the most environmentally sensitive
stages in the 1life cycle of this species are in embryonic¢ and
larval development through the time that the juveniles reach a
size (or age equivalent) of ca. $5 mm SL. Various workers have
also demonstrated that another period of special sensitivity to
environmental conditions is that of the development of reproduc-
tive readiness. While adult individuals may tolerate wide ranges
in salinity and/or temperature conditions, the ranges known to
allow the successful development of gametes are very restricted.
Also information from the literature suggests that rapid changes
in environmental temperature/salinity conditions may be more
destructive than more gradual chances (within the tolerable
ranges).

While a fair amount is known about environmental require-
ments of Mugil cephalus, perhaps because of the actual and
potential economic i1mportances of this species, much yet remains
to be done. Also most species that have little obvious or direct
econcmic value have been largely ignored, despite their possible
trophic importance in coastal and/or estuarine ecosystems. We
must make a plea to carry out studies of environmental effects of
individual species and their ecosystems long before proposals for
alterations of specific ecosystems are to be evaluated. Only
then can there be time to make systematic and detailed analyses
that will provide predictive power, useful in the assesgsment of
possible biclogical alterations that might be produced by such
cultural alterations.
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A SURVEY OF THE WEST INDIAN MANATEE,
(TRICHECHUS MANATUS),
ON TEE LOWER ST. JOHN'S RIVER

James A, Valadel, Kim I. Millerz, A. Quinton white?

INTRODUCTION

Manatee presence in Northeast Florida has been documented
gsince the late 1940's (Moore 1951). These accounts describe the
presence of manatees in the lower St. John's River during the
spring, summer and fall seasons. A nationwide distribution,
status and conservation survey (Hartman 1974) described similar
trends, as well as established the presence of two artificial
warm water refugia (power plant effluent) in Duval County where
wintering manatees are known to occur.

Recent reports substantiate these findings (Gicca, unpubl.
data, 1979; Valade unpubl. data, 1980; Bengston 1981; Rathbun,
et al 1983; Kinnaird and vValade 1983). Tentative identifica-
tions of individual manatees made during this study document more
extensive use of the power plant effluents than previously
observed.

METHODS

The study area for this investigation included the J.D.
Kennedy Generating Station waterfront (Figure l). There are two
thermal outfalls on this site: the main discharge and the south
discharge. Both were monitored from 30 December 1983 tc 14 June
1984 on a five day, forty hour week basis.

To a lesser extent, the Southside Generating Station was
included in this survey. Observations were made within the
discharge canal and at its point of discharge intoc the river.

Te document the number of manatees present within these
discharges, manatees were individually identified by means of
their distinctive scar patterns {Moore 1956; Hartman 1971;
Powell and Waldron 198l). Patterns were recorded by sketching
and photographing. While photographing provides the best record
of scar patterns (Rathbun et al 1983), water conditions and
animal behavior precluded photographing at times, and sketching
presented the only viable means of identifying and documenting
presence of specific animals.

Discharge and ambient river temperatures were also recorded
ags a means by which to examine temperature effects on manatee
presence and absence.

lp. 0. Box 11635, Jacksonville, Florida 32211
2Department of Biology and Marine Science, Jacksonville
University, Jacksonville, Florida 32211
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RESULTS

Sightings

A total of 668 manatee sightings were made during this
study. Cf these, 627 were from the J.D. Kennedy Generating
Station and 41 were from the Southside Generating Station.
Twenty-five of these sightings were of calves (3.8% of the total
number of sightings).

The number of manatees sighted on a daily basis ranged from

zero to nine, inclusive of both stations (Figures 2 and 3}. Most
sightings occurred in January and April.

Manatee Identification and Multiple Sightings

Eighty-four manatees were identified; three were adequately
photographed and others were partially photographed. Photographs
were to be provided for United States Fish and Wildlife Service
Sirenia Project the documentation of individual identities. All
identified animals were sketched, but not all were entered into
the USFWS Sirenia Catalogue due to their ambiguous nature,

In addition, 40 manatee sightings were made for which
identities could not be determined due to poor water conditions,
appearance in areas not accessible to critical viewing, surfacing
behavior and duration of presence at the discharges.

Of the 44 animals previously identified in Jacksonville
(Kinnaird and Valade 1983, two were resighted during this study:
manatees JX04 and BC200. Of the 84 manatees identified during
this study, 64 were sighted only once (75.3%) (Figure 4). The
greatest number of daily sightings for one individual was 31,
spanning a period of 77 days (a second individual was sighted on
25 separate days over a period of 55 days). Eighteen other
manatees were also resighted during daily observations. The
majority of the multiple sightings occurred in January and April
(Figure 5}.

January resightngs spanned greater periods than did those in
April. Manatees resighted in Januvary were fewer in the number
than those regighted in April, as would be expected.

The greatest number of newly identified individuals occurred
in April; numbers were elevated in January, March, and April,
with the fewest number of new sightings occurring in February.
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Number of Manatess Sighted at the Main and South
dy Generating Station, 1984
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Figure 2. Continued
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Figure 3. Number of Manatees Sighted at the Southside Generating
Station, 1984
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Figure4. Individual Sighting Frequencies for Both Generating
Stations .
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Movements

Long Distance

Five long distance movements to the Jacksconville generating
stations were documented.

Manatees BCl1l0 and BC200 were identified in Brevard County
and resighted during this study in Jacksonville. Other movements
included manatee PE82 from Port Everglades, manatee RB324 from
Riviera Beach, and manatee BS50 from Blue Springs.

Bengston (1981) noted that male manatees appear to travel
greater distances than females: manatees PE82 and BSS50 appeared
in Jacksonville accompanied by calves, demonstrating that long
distance migration is not restricted tc male manatees.

Local Movements

Four manatees were initially observed in Jacksonville at the
Kennedy Generating Station discharges and later at the Southside
Generating Station discharge. Three of these animals returned to
the Kennedy Generating Station; manatee 0925-12/30/83-2 was
sighted at the Kennedy over a one month period and was later
sighted over a 60-day period at the Southside Generating Station.

Site Movements

Fourteen manatees sighted at the Kennedy Generating Station
were observed to have made 57 movements between the south and
main discharges. At the Southside Generating Station, 26 move-
ments to different areas of the discharge canal were noted.

Temperature Effects

Manatees are known to congregate in warm water areas during
periods of cold weather (Rathbun et al 1983). In the
Jacksonville area, manatees seek refuge at local thermal
effluents conceivably in response to cold periods (Kinnaird and
Valade 1983). By means of multiple regression analyses,
correlations between the number of manatees and river and
effluent temperatures were made.

Correlations were weak at best; use of temperature
differences (discharge temperature minus ambient river
temperature) over weekly periods from the Kennedy Generating
Station's main discharge produced the highest values. The first
and fourth week of January and the fourth week of Pebruary
displayed the highest degree of correlation. Respective r?
values were 0.30, 0.26, and 0.27.

A predicted value technique was also examined; variables
were the same as those used in the regression analyses. The
average error ranged from 0.24 to 1.09. The largest errors
occurred the few times four or five animals were recorded. The
regreasion model substantially underpredicted these actual
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sightings of four or five manatees. This appears to be the
result of the typically low number of manatees present during the
third and fourth weeks of March along with the few high record-
ings of four or five manatees.

DISCUSSION

Earlier reports describe the use of Jacksonville discharges
by as many as 44 animals (Kinnaird and Valade 1983). While
numbers in excess of this figure were predicted by Eberhardt
(1982), this study documents the first indication that elevated
numbers of manatees may be present and that the extent of usage
is greater than previously observed.

Eighty-four manatees were tentatively identified at the
Jacksonville Electric Authority’'s J.D. Kennedy and Southside
Generating Stations. The number of sightings of these animals
peaked in January and April., These peaks parallel those observed
by Kinnaird and valade (1983). The January peak suggests an
influx to the discharges by local wintering animals due to
extreme cold temperatures experienced during this period.
Regression analyses show the highest degree of correlatiocn
between lower temperatures and manatee numbers at this time. The
large number of manatees present in April may reflect the
appearance of northerly migrating animals to their summer ranges;
the number of newly identified animals was greatest during this
period.

Multiple sightings of individual manatees were also more
extensive than previously documented. Twenty individuals were
observed at the discharges on at least two separate days, with a
maximum number of 31 resightings of one individual over a 77 day
period. Kinnaird and valade (1983) describe twelve individuals
being resighted on as many as six occasions over a 65-day period.

Resighted animals alsc demonstrated greater movement between
the two power plants. Kinnaird and valade (1983) documented
eight movements by eight individuals between the two plants. In
this study, four manatees were observed to have made seven move-
ments between the two sites, three individuals were initially
sighted at Kennedy, then at Southside and subsequently back at
the Kennedy Generating Station. While no movements at each
plant's waterfronts were previously observed, extensive movements
within the discharges and between on-site discharges were noted
during this study.

The increased number of sightings, individually identified
manatees, and observations of manatee movement over earlier
studies were conceivably due to improved observation techniques;
the length of time spent on site far surpassed that of any pre-
vious study, Colder temperatures may also have led to the
greater number of manatees observed.
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Table 1 - Cumulative Temperature and Manatee Data

Kennedy Water Temperatures

Amb - 24 hour average
MD - 24 hour average
8D - 3 hour average

Southside Water Temperatures

Z1 - 2 hour average
Z2 - 2 hour average
Z3 - 2 hour average
On-site Water Temperatures
MD - 3 hour average

Air Temperatures

NOAA - 8 hour average

(SATMS)

On-site (SATMS) - 3 hour average

Kennedy

Manatee Total - all manatees

Southside

Manatee Total - all manatees

- indiciates data not collected
0O: all zero values indicate a verification
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Previcusly observed trends in the Jacksconville area con-
tinued to be observed, although the trends were more prononunced
due to the greater numbers of manatees, numbers of sightings, and
higher degree of use of the Jacksonville power plant effluents.

ACKNOWLEDGMENTS

We would like to acknowledge the following people for their
assistance in this study: Cathy Beck, Robert Bonde, Richard
Breitmoser, Kelley Hickton, Daniel Holderfield, Margaret
Kinnaird, John Lucas, Thomas O'Shea, Davidé Peterson, Herbert
Poncher, Galen Rathbun, James Reid, Peter Ryan, Paul Suter, and
Margaret Williams.



275

BIBLIOGRAPHY

Bengtson, J.L. 1981l. Ecology of manatees (Trichechus manatus)
in the St. John's River, Florida. Ph.D. Theslis, Univ. Minn.
126 pp.

Eberhardt, L.L. 1982. Censusing Manatees. Prepared for U.S.
Fish and Wildlife Service. Contract No. 14-~16-0009-1544.
Manatee Population Research Report No. 1. Florida Coop.
Fish and Wildlife Res. Unit. Gainesville, Florida, 18pp.

Gicca, J.D. 1979. Alton Box Board Company manatee survey; A
report to Dave Peterson from J.D. Gicca.

Hartman, D.S. 1971. Behavior and Ecology of the Florida
Manatee, Trichechus manatus latirostris (Harlan), At Crystal
River, Citrus County. University Microfilms, A Xerox Com-
pany, Ann Arbor, Michigan.

Hartman, D. S. 1974. Distribution, status and conservation of
the manatee in the United States. U.S. Fish and Wildlife
Service, National Fish and Wildlife Laboratory. Contract
Report No. 14-16-0008-748. NTIS Publication No. PB8l-
140725, 245pp.

Kinnaird, M.F. and J.A. Valade, 1983. Manatee use of two power
plant effluents on the St. John's River in Jacksenville,
Florida. Prepared for the U.8. Fish and Wildlife Service,
Cooperative Agreement No, 14-16-0004-81-923. The Site
Specific Reduction of Manatee Boat/Barge Mortality Report
No. 1,, Florida Cooperative Fish and Wildlife Research Unit,
Gainesville, Florida.

Kinnaird, M.F. 1983. Berial census of manatees and boats over
the lower St. John's River and the Northeast Intracoastal
Waterway. Prepared for the U.S. Fish and Wildlife Service.
Cooperative Agreement No, 14-16-~004-81-923. The Site Speci-
fic Reduction of Manatee Boat/Barge Mortality Report No. 2,
Florida Cooperative Fish and Wildlife Research Unit, Gaines-
ville, Florida.

Moore, J.C. 1951. The range of the Florida Manatee. Quart. J.
Florida Acad. Science 14; 1-19.

1956. Observations of manatees in aggregations. Amer. Mus.
Novit. 1811: 1-24.

Packard, J.M. 1981. Abundance, distribution, and feeding habits
of manatees (Trichechus manatus) wintering between St. Lucie
and Palm Beach Inlets, Florida. Report prepared for U.S.
Fish and Wildlife Service. Contract No. 14-16-0004-80-105.




276

Powell, J.A, and J.C. Waldron. 198l1. The manatee population in

Blue Spring, Volusia County, Florida. pp. 41-51 in R.L.
Brownell, Jr., and K. Ralls, eds., The West Indian Manatee
in Florida, proceedings of a workshop held in Orlando,
Florida, 27-29 March 1978, Florida Dept. of Natural
Resources, Tallahassee, Florida. 157 pp.

Rathbun, G.B., R. K. Bonde and D. Clay, 1982. The status of the

West Indian Manatee on the Atlantic Coast north of Florida.
pPpP. 152-165 in R.R. Odom and J.W. Guthrie Eds. Proceedings
of the Symposium on Nongame and Endangered Wildlife. GaA.
Dept. of Natural Resources, Game and Fish Division, Tech.
Bull. WL5. 179 pp.

Rathbun, G.B., J.A. Powell and J.P. Reid. 1983. Movements of

manatees (Trichechus manatus) using power plant effluents in
southern Florida. Final Report, Florida Power and Light
Co., Contract No. 88798-87154: 12 pp.

Shane, S.H. 1983. Abundance, distribution, and movements of

manatees (Trichechus manatus)} in Brevard County, Florida.
Florida Bull, Marine Sci. 33: 1-9.




277

A NATIONAL PERSPECTIVE ON COASTAL FISHERY HABITATS

B. J. Copeland

Introduction

AS unique ecosystems of varying mixtures of mud, water and
organic material along the shorelines of our oceans and Great
Lakes, estuaries represent a very important national resource.
The extensive estuarine system of the United States ranges from
the steep, tectonically formed estuaries along the northwestern
coast to the shallow, wide estuaries of the drowned river valleys
in the Southeast.

Estuaries serve several functions that are economically and
socially important to this nation. These include:

l) They provide habitat for many species of fish inverte-
brates (almost 70% of our commercial and recreational
catch nationwide) that constitutes a significant portion
of the economically important commercial fishery and
coastal recreational industries.

2) They serve as a buffer zone between the oceans or Great
Lakes and the land, providing an important ameliorating
zone for storms, flcods, etc.

3) They serve as important sinks for materials that flow
from the lands and man's activity, catching these
materials before they reach the ocean.

4) They serve as impertant pathways of transportation to
connect inland commerce to ocean shipping.

S5) They are aesthetic mixing pots, attracting pecple who
support a burgecning recreational and tourism industry.

The southeastern region of the United States has more exten-
sive estuarine systems than anywhere else in the country. Nearly
half of the estuarine area lies within the geographic region from
Texas to North Caroclina. 1In the Southeast, about 95% of our
fisheries catch depends upon estuaries during one time or
another of their life history. It is, therefore, not surprising
to be reminded that half of the nation's fisheries catch comes
from the southeastern region. We are also told that the
southeastern region represents one area where fisheries catch
could be substantially increased. Are we to conclude, then,
that more effective management of our estuarine habitat would pay
dividends by increasing our recreational and commercial
fisheries?

University of North Carolina, Sea Grant College Program, N.C.
State University, Raleigh, N.C. 27695-8605.
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There is a complex array of pressures being exerted on the
estuaries today.

The following are examples:
1) Nutrient locading, with its complex interrelationships of
form, fate and timing. '

2} Control and fate of exotic substances such as
pesticides, herbicides, heavy metals and organic
compounds.

3) Impact of urbanization, with the increasing threats
of stormwater runoff and sewage disposal.

4} Impact of changing land uses, with the accompanying
interaction of water drainage and impacts on estuarine
productivity.

5) Increasing numbers of commercial and recreational
fishing efforts vying for a finite number of stock.

6) Increasing conflicts of interest in the allocation of
resource uses, including arguments over commercial and
recreational interests in the same species.

7) The overlap of local, state and federal jurisdictions,
which are sometimes incompatible for effective
allocation of resources.

8) Cooperation between users and regulators often fall
short in maximizing the benefits of envisioned
management programs.

9) Education of the public is often inadequate to
effectively involve them in a management program.

Research Needed To Manage

Although large data sets exist for many functional aspects
of estuaries, there are several serious gaps in information
needed to understand the complexities of how most estuaries
function. Recently, a symposium was held in Raleigh, North
Carolina (Copeland et al. 1984) to develop research strategies
needed to manage the nation's estuaries. Several of the nation's
most capable researchers peered into the future and, based on the
very latest scientific protocel, suggested some research
directions necessary to better understand estuarine functions.
Asessment ofproblematic needs resulted in five basic categories
of research.

Water Management and Estuarine Productivity

One of the important problems currently facing our nation is
the allocation of freshwater resources. As municipal,
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commercial, industrial, agricultural and recreational demands for
water increase, downstream availability of water to estuaries
decreases. Changing land use activities near estuaries and
upstream tributaries are affec ting the gquantity, quality and
timing of freshwater inflows. Since estuaries, by definition,
involve the inflow and mixing of fresh and salt water, these
variances may impose significant changes upon estuarine
productivity. The coupling between freshwater inflow and
productivity in the estuaries poses a prime research gquestion,
We need to know the guantitative relationship between freshwater
inflows and fisheries production in individual and regional
groups of estuaries. In addition, we need to determine how much
fresh water is too much or too little on a seasonal or annual
basis.

It is difficult to obtain unifying principles regarding the
impact of freshwater flow on estuaries, particularly with the
great variability that occurs in the magnitude of flow, the
concentration of materials in the water and the seasonal varia-
bility of inputs (Nixon 1981). 1In an attempt to summarize the
magnitude of river inputs to various coastal areas of the United
States (Figure 1), Nixon (1981) calculated mean annual discharge
of major rivers per unit of coastline. If the productivity of
estuaries is related to the magnitude of river flow, then, one
ought to be able to predict the amount of fisheries yield per
unit area of coastline. This simply cannot be done! We lack the
necessary fundamental research to quantify the relationship
between freshwater inflow and secondary productivity. Large-
scale problems here in the Southeast range from not enough fresh
water in Texas, to diversion of a major river system in
Louisiana, to changes in drainage patterns of the Everglades, to
increased localized drainage from land clearing on the coastal
plains of North Carolina.

Sediment Management and Egtuarine Productivity

Sediment quantity and quality can affect estuarine
productivity. Man's activities on the watershed can affect
sediment processes such as the rates of accumulation and
contaminant absorption. To better understand sediment
management, researchers need to examine the rates of accumulation
and the transformation of sediment composition between points of
entry and accumulation. We also need to categorize the processes
controlling the movement, absorption and desorption of
contaminants as well as to develop a capability to predict, for a
range of environmental conditions, the relationship between
gediment accumulation and habitat type.

Although so0il erosion rates have been reduced by soil con-
servation practices, our estuaries are still feeling the effects
of the earlier high erosion rates. B large percentage of the
sediments eroded from the uplands of the southeastern United
States since 1700 is still being released to the estuaries by
Elooding {(Schubel 1584). These waves of sediment inputs to the
ccastal zone have resulted in vast changes in some of our estua-
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Figure 1. A rough approximation of the flux of fresh water
from major rivers along the coast of the coterminous
United States (from Nixon 1981).
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rine systems (Figure 2). These changes range from increasing
sizes of deltaic areas which changed the estuarine systems at the
mouth of Colorado in Texas or at the mouth of the Mississippi in
Louisiana, to increased turbidities in some estuaries that effect
the primary productivity, to the release of stored contaminants
which endanger some of our fish and wildlife.

Nutrients and Other Contaminants and Estuarine Productivity.

Many observations indicate increasing nutrient problems in
estuaries. More people are living near our nation's coast. The
resulting increased use of inorganic fertilizers and conversion
of wetlands to urban and agricultural use eliminates the
estuary's ability to act as a nutrient and sediment sink and
increases estuarine nutrient levels. We do not yet understand
the relationships between nutrient inputs, recycling and
production. Research is needed to test how an estuarine
ecosystem responds to a combination of nutrient inputs and
recycling. Scientists need to examine the ultimate fate of a
host of synthetic chemicals and metals in estuaries.

An example of one of the few estuaries in the United States
where nutrient dynamics have been relatively well studied is the
Pamlico River Estuary of North Carolina {Copeland et al. 1984).
Enough information is available to construct a summary of annual
nutrient inputs and phytoplankton uptake (Table 1l). In contrast
to the long~held beliefs that the primary driving force of phyto-
plankton uptake is the input of nutrients from upstream, it was
determined that the Pamlico River Estuary phytoplankton
production utilizes 95% of its nitrogen and 88% of its phosphorus
from recycled nutrients (Kuenzler et al. 1979). Furthermore,
about 75% of the annual input of nitrogen and about 70% of the-
phosphorus entered the estuary during December through March,
reflecting the variations in river and estuary discharge. This
is contrasted to the bulk of the algal uptake occurring during
the summer months. Therefore, this evidence indicates that there
is considerably more to the nutrient input question than just
measuring nutrient budgets in the estuary.
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TABLE 1

Annual Nutrient Inputs and Algal Uptake (tonnes/year) in the
Pamlico River Estuary, North Carolina (from Kuenzler et al.
1979).

Water- Pamlico Precipi-
shed Sound tation Total
Input Nitrogen 522 598 286 1,406
Input Phosphorus 331 477 17 825
Algal Uptakes
Nitrogen 27,091
Phosphorus 7,012
% Uptake from Recycling
Nitrogen 95%

Phosphorus ' 88%
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Coupling of Primary and Secondary Productivity

Estuarine ecosystems are characterized by high levels of
primary and secondary productivity. The connection between high
primary and secondary production is uncertain, at best., Thus,
the importance and ecolegical efficiencies of individual food
chain pathways remain unresolved. Food chains in estuarine
ecosystems are connected gQuantitatively and qualitatively. We
must understand the relationship between the quantity of biomass
at one producer level and the quantity and quality of biomass at
the next level. For example, while large biomasses of blue-green
algae are produced in some of the nation's estuaries, few
secondary consumers feed on these poor guality algae.

The concept of the trophic structure in an estuarine
ecosystem is more of food web than a food chain. Moreover, the
food web trophic sturcture found in the estuary is generally
abbreviated compared to the longer food chain relationships
observed in the ocean and freshwater lakes. The problem of
understanding the fundamental aspects of this issue is the
likelihood that a change in one trophic level impacts other
portions of the ecosystem by altering the directions or size of
the energy flow from one component to another. This intricacy is
illustrated for the Pamlico River Estuary by the simplified food
web for one species of fish, menhaden (Figure 3). 1In spite of
all the work that has been directed toward the plant and animal
components of this estuary, we are far from understanding the
relationship between the components to a degree that we can
predict what may happen because of some perturbation at one level
or another.

During the past two decades, blue-gree algae blooms have
been observed with increasing frequency in Atlantic and Gulf
coast estuarine systems. Initially, public concern over the
blue-green blooms was focused on obvious visible symptoms such as
aesthetics of surface scums and odors, fish kills, fouling of
EFish nets and a decline in fishing success. Recent research
information indicates that a more subtle and perhaps more devas-
tating outcome of the blue-green algae blooms is the serious
change in food chain dynamic resulting from such massive blooms
of blue-green algae. This results from the fact that the blue-
green algae in a bloom is almost pure culture tying up the nu-
trients and organic material. Yet, they are not being utilized
by normal food chain organisms.

Habitat Requirements for Fisheries Production

Traditionally, it is thought that one of the primary roles
of an estuary is as a nursery for commercially and recreationally
important fishes. It has been observed that some estuaries
produce more fish than others. Understanding the role of estua-
rine habitat and quantitative differences in fisheries production
will provide the key to more effective fisheries management.

Thus, in order to £find out what makes one estuary more
productive than another scientists need to address questions
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about habitat selection, species migration, species residence
times, food availability, circulation and exchange patterns,
habitat quality, and the effects of environmental variations on
survival, growth, and movement of fish and shellfish. Answers
will help resource managers establish criteria to protect the
estuarine characteristics that provide suitable fisheries produc-
tion. Armed with better scientific knowledge, managers may
better address the critical question of whether improved and
enlarged nursery habitat will improve and enlarge fisheries pro-
duction in our nation's estuaries.

The area of nursery grounds usually represents only a small
portion of the total estuarine system (Copeland et al. 19B83a).
For example, of the approximately 2.3 million acres of estuaries
in North Carolina, only about 75 thousand acres have been desig-
nated primary nursery grounds., A relatively large portion of
these lie along the northern and western shores of Pamlico Sound
(Figure 4). Major guestions still remain regarding the specific
functional aspects of these shallow zones. Moreover, the primary
nursery areas lie at the downstream end of small tributaries to
the sound and are, thus, wvulnerable to changes in land use
patterns and water quality degradation.

Not all primary nursery areas provide the same levels of
productivity. In the case of Pamlico Sound, North Carolina, it
has 56% of the state's total estuarine area and produces 78% of
the total inshore catch (Table 2). In contrast, Albemarle Sound,
with 26% of the state's estuarine area, produces only 14% of the
total inshore catch. As noteworthy as this disproportionately
high productivity is, the higher proportion attributed to Pamico
Sound might be even more startling if the offshore catch could be
apportioned to the sounds. The offshore catch exceeds the
inshore total in poundage because of the large menhaden contribu-
tion, which is thought to be attributable almost entirely to
Pamlico Sound and its primary nursery areas.

INSTITUTIONAL BARRIERS

As important as good technical information is for the man-
agement of our estuarine habitats, there are several very impor-
tant aspects related to the institutions invclved. Therefore, we
need to address the situation of integrating technology with the
socioceconomic and jurisdictional questions of management.

Jurisdicticnal Problems

Several state, local and federal agencies are charged with
the responsibility of managing the various resources of our
estuarine system. Because of multiple jurisdictions and the
concomitant separation of power by the various institutions, it
is nearly impossible to develop an effective management program.
I shall use the Albemarle Sound, a nine hundred square mile
estuary in northeastern North Carolina (Copeland et al. 1983b) to
illustrate a jurisdictional problem.
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TABLE 2

Distribution of 1980 Commercial Fisheries Catch and Value,
Albemarle and Pamlico Sounds, North Carolina (from Copeland et
al. 1984).

Albemarle Pamlico
Parameter Sound Sound
Area (mi?) 940 2,000
% State Total 26% 56%
Catch (1,000 1b) 13,200 71,430
% Total Inshore Catch 14% 78%
Value ($1,000) 1,981 26,182

% Total Inshore Value 5% 73%
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Seventy percent of the watershed of Albemarle Sound lies in
Virginia, while the entire sound lies in North Carolina. Many
believe that the water quality problems in the western part of
the sound are the result of activities carried out in Virginia.
In fact, about 70% of the nitrogen loading and 80% of the
phosphorus loading in the Chowan River (a major tributary) are
from the Virginia portion of the watershed. In additiion to
water quality problems, a city in Virginia is currently
increasing its municipal use of water from the Albemarle
watershed, thereby reducing freshwater inflows to Albemarle
Sound. Because of conflicts in the goals of state governments in
Virginia and North Carolina, it has been difficult to bring about
water quality improvement. Thus, a serious constraint to the
management of Albemarle Sound is jurisdictional interactions
between two state governments.

Several state, local and federal agencies are charged with
the responsibility of managing the various resources in Albemarle
Sound. For example, the North Carolina Division of Marine
Fisheries manages the marine fisheries of the sound, while the
North Carclina Division of Wildlife Rescurces manages the fresh-
water fisheries. these and other jurisdictions often overlap.
Still different agencies are charged with responsibilities for
water quality, water management, shellfish sanitation and land
use planning. Many federal agencies operate by enforcing blanket
requlations and have management goals that are sometimes in
conflict with the goals of state or local governments. All these
respongibilities and goals need to be coordinated and optimized
for effective management activities.

Economic Constraints

The term management generally refers to taking some action
or actions designed to achieve a given goal. Unfortunately, the
setting of these goals and developing programs tc carry them out
often result in the comparison of apples and oranges. For
example, the economic return calculated on the basis of wholesale
price for agricultural goods versus opportunity costs of water
quality prevention versus revenue generated from a common pro-
perty fisheries stock are not equatable. Therefore, one is faced
with establishing goals on the basis of perception of economic
return rather than what actually happens.

We generally do not have sufficient data or methodology to
resolve the question of whether management of a certain estuary
can be cost effective. Any change in resource usage through
public policy affects costs and revenues over time and these
changes in flows of revenues should be evaluated beforehand,
Some of the newly develcoped dynamic economic modeling provides
an additional evaluation technique that we ought to be using.
Meanwhile, we might not be able to afford the cost of delaying
management decisions until adequate data are available because of
the rapid changes that are occurring in some of our nation's
estuaries.
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Social and Institutional Implications

Many economic forces are focused on estuaries and the poten-
tial uses are often in conflict with one another. None of the
forces and uses, however, is mutually exclusive of another.
Managing estuaries so as to minimize conflicts among different
users becomes a major sociological consideration. Social con-
flicts are particularly apparent when managing within fisheries
interests. Although the same environmental criteria are impor-
tant for the biological management of commerical and recreational
fisheries, serious conflicts in economic and social goals exist
between the two. Often many of the species sought by both in-
terests are the same. Recreational fishermen blame commercial
fishermen for decreasing stocks and catch effort, while commer-
cial fishermen accuse recreational fishermen for such things as
getting new restrictions and actions to decrease their fishing
rights. Social conflicts algo exist within the same fisheries
group such as larger boats versus smaller boats and crab potting
versus trawling for crabs, etc. Any management scheme developed
for any estuary must consider these problems if the plan is to
have much chance for success.

Public education is needed to enable management schemes to
succeed. While the awareness of the public about environmental
isgues has rapidly increased, there is a great need for improve-
ment of the social and institutional climate that will allow the
manjifestation of that awareness. So-called public hearings are
often held in relation to a development or change in policy, but
the public rarely gets an opportunity to interact on a real
basis. Until these issues are resolved, we will continue to have
great social conflict in fostering changes in the way we do
things.

CONCLUSIONS

To focus the research needed and to develop a national
program in dealing with the problems in our estuaries the follow~-
ing goals are suggested:

1) To describe the relationships between physical and
chemical variables and the productivity of estuarine
ecosystems.

2) To understand the chemical, sedimentalogical and
biochemical processes in the estuarine environment as
they are affected by the introduction of foreign
substances, especially pathogenic materials and toxic
chemicals.

3) To determine the impact of man's activities on the
fundamental functioning of estuarine ecosystems.

4) To develop appropriate measures for ameliorating
undesirable effects and to reclaim damaged estuarine
ecosystems.
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To develop a means to increase the harvest of fisheries
products.

To improve the economic return of land arcund the
estuaries by resolving the conflict between land use
changes and estuarine productivity.
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MANAGING COASTAL GROWTH FOR QUALITY LIVING

Charles E, Bennett, M.C.

I. It is a great pleasure to join you today in discussing some
areas of concern in which the Federal Government is involved in
helping to improve and protect the quality of life in coastal
zone areas.

The House Merchant, Marine and Fisheries Committee was my
original committee assignment in 1949 when I just went to Con-
gress. And I now serve there again. This committee has respon-
sibility in issues which concern you most. I served last year on
its subcommittees on fisheries and wildlife conservation and on
the environment. I will serve there again in the new Congress.
Most federal initiatives must be approved by this committee. So
I am given leadership opportunity in most of the issues that this
country currently faces relative to coastal zone areas. Of
course, this is in addition to my duties on the Armed Services
Committee where I serve as Chairman of the Seapower Committee.

II. The growth and development of North East Florida and coastal
Georgia is rapidly increasing. Most of the growth here is taking
place near the wetlands which currently support over 75% of the
sport and commercial fishery in the area. Elected officials,
such as myself, are often faced with making decisions regarding
preservation of fish habitats and growth in these areas without
having confidence in the scientific knowledge available to us.
This symposium will be helpful to me and others in bringing
together the scientific knowledge needed and presenting it in a
workable form helpful to all public officials of this area.

The coastal areas of S.E. Georgia and N.E. Florida are among
the most rapidly growing regions of the southeast. According to
1980-81 statistics, Florida is gaining more than 5000 persons per
week. North Florida counties such as Clay and Flager have grown
more than 100% in the last ten years. Major high intensity
development projects, either completed or in various stages of
construction, include the Kings Bay Submarine Base at St. Mary's,
Georgia; Amelia Island in Nassau County; The Georgia Sea Islands:
and Palm Coast in Flager County. Recently, resort development
projects have been proposed for Pt. George Island in Duval County
and for Porpoise Point and Rattlesnake Island in St. Johns
County. All of the above projects involve development on lands
adjacent to marine wetlands. The marine wetlands that are or
will be impacted by this high intensity development support major
commercial and sports fishing industries in the Florida-Georgia
area. These wetlands contain scome of the most extensive Salt
Marsh Ecosystems remaining in the southeastern United States.
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Obvious impacts include drainage alteration, increase in
point and non-point pollution, dredge and fill problems, and
bulkheading. That develcpment will continue to occur is probably
a foregone conclusion. That such development should be planned
in ways that will minimize the potential impact on adjacent
wetlands is not always obvious either to the developer or to the
local decisionmaker (county commissioner or zoning officer). We
can look at South Florida to see the results of uncontrolled
development. Local decisionmakers need to be made aware of the
impacts of growth and development on fishery habitats.

III. Many of these wetland habitats have been poorly studied.

The available scientific data have not been widely disseminated
nor, in many cases, synthesized into a coherent body of knowledge
available to other scientists or to the decisionmakers.

The Marine Advisory Committees of Nassau, Duval, St. Johns,
Flager, and Volusia Counties, for the past three years, have
unanimously agreed that the top priority should be to develop
awareness among local decisionmakers about the impacts of growth
and development on fishery habitats.

The lack of readily available, scientifically based informa-
tion for local decisionmaking is more pronounced in the more
rural counties. These counties do not have their own profes-
sional environmental planners or researchers to aid them in
arriving at informed decisions regarding development adjacent to
wetlands. The long range impact on marine fisheries of ill~-
informed planning decisions that have already been made is still
unknown.

IV. The heroic Jean Ribault when he came to N.E. Florida and
S.E. Georgia in 1562 said of the virgin countryside which he saw,
that it was "the fairest, frutefullest and pleasantest of all the
worlde, habouding in honey, veneson, wildfowle, forrestes, woodes
of all sortes." And speaking of the marshlands he said: "The
sight of the faire medows is a pleasure not able to be expressed
with tongue". Rene Laudonniere, who accompanied Ribault, and in
1564 settled the St. Johns Bluff on the St. Johns River, said of
the bluff area looking toward today's Nassau River: "Concerning
the pleasantness of the place, the sea may be seen clearly and
openly from it; and more than six leagues off toward the Belle
River one may see Broad Meadows divided by isles and islets
interlacing each other. Briefly the place is so pleasant that it
would force the depressed to life their spirits.”

Two hundred years later (and 200 years ago) the botanist,
John Bartram came and on October 1, 1765 discovered the flowering
bush "Franklinia” on the Satilla River in Scuthern Georgia. He
then pushed on tc Northern Florida where he noted the Sabal Palm
saying "Hereabout we observed ye tree palm (which) growed 30 feet
and held thro several Bay Swamps". John's son William Bartram
came back to south Georgia and to Florida in 1774. He recorded
in detail the beauties of nature he observed - marshes, rivers,
cypress and magnolia, the paraquete and wild pigeons, now both
extinct - he wrote: "Let us rely on Providence, and by studying
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and contemplating the works and power of the creator, learn
wisdom and understanding in the economy of nature, and be
seriously attentive to that devine monitor within. Let us be
obedient to the ruling powers in such things as regard human
affairs, our duties to each other, and all creatures and concerns
that are submitted to our care and contact."

Many environmental changes have occurred in this area since
those colonial times, particularly in recent decades. Industry
and exploding population on the St. Johns and the St. Mary's
Rivers have threatened safe and quality living for ourselves and
for future generations. Recently, exploration for oil offshore
poses new threats to Florida and to Georgia.

Let us 100k at the federal legislative picture for a few
minutes.

V. Coastal Zone Management Programs

Perhaps the biggest challenge to persons dealing with
coastal zone management problems is the Reagan Administration
itself. The tremendous tax reduction achieved by it in 1981 has
left us a new trillion dollars of dangerocus red ink; and environ-
mental programs are now a target of the Administration's budget
advisors. The major grant programs of the Coastal Zone Manage-
ment Act of 1972 have been repeatedly scheduled for substantial
reductions and orderly phasecuts by the Reagan Administration.
These programs fund projects to mitigate the impact of offshore
oil and gas develcpment and to administer state approved coastal
resource plans. However, Congress has reaffirmed support for
these programs by repeatedly providing significantly higher
levels of funding than the administration has purposed.

As a little background, the Coastal Management Act (passed
in 1972 to provide grants to states to develop and administer
programs for managing resources in their coastal zone) was
amended in 1976 in response to rapid expansion of offshore oil
and gas activities. The 1976 amendments created a $1.2 billion
dollar program of loans and grants to help states and localities
accommodate anticipated disruptions associated with Outer Con-
tinental Shelf activities. Although participation in these pro-
grams is voluntary, all 35 eligible coastal states and terri-
tories have participated in the State Management Grant Programs
since 19872.

The office of Coastal Zone Management of the National
Oceanic and Atmospheric Administration of the Department of Com-
merce, which administers this program, also operates two smaller
programs. One of these is to develop a system of estuarine
sanctuaries as a cooperative Federal-~State activity. The other
program is to develop a system of marine sanctuaries and is
strictly a Federal activity. Although the Reagan Administration
has proposed drastic reductions in the funding for these programs
over the past four years, Congress has also continued to fund
these by increasing appropriations over funding levels for prior
years.
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VI. OCS Block Grant Legislation

I believe Congress' strongest response to the Administra-
tion's proposed cuts have been legislation to provide a long term
more secure funding source for coastal management. This legisla-
tion, which I have co-sponsored, would create new block grant
programs funded from Outer Continental Shelf {0OCS) revenues.

This legislation has passed the House in the past two Congresses
but has been tied up by the Senate.

It would establish an ocean and coastal resources management
and development fund from Federal receipts and production of oil
and gas on the Quter Continental Shelf to be used to provide
National Ocean and Coastal Resources Management and Development
Block Grants to Coastal States. A grant allocation formula would
be established based upon the actual and expected leasing on the
Quter Continental Shelf adjacent to a particular state, the
volume of energy resources obtained, the coastal population of
the state, and other factors. Block grants would be earmarked to
support activities authorized by the 1972 Act as well as the
programs established by the later Amendments of the Act.

Support for this Legislation comes from those of us who
favor sharing Federal Quter Continental Shelf revenues with the
coastal States. This policy makes sense to me since increased
energy production due to accelerated exploration and development
on the Outer Continental Shelf would cause increased impact on
Coastal States such as Florida and Georgia. A share of Federal
receipts from OSC activities could partially compensate for these
impacts through support of the coastal and ocean programs for
which the administration is trying to withdraw Pederal support.

I believe that States would be less inclined to oppose the
leasing of OSC tracks adjacent to their coasts if states were to
receive a portion of the Federal revenues from these leasing
activities as proposed in this legislation. The Administration
opposes this on the theory that it would be a further drain on
the U.S. Treasury and increase the Federal deficit. I continue
to think that the proposed legislation as a cosponsor in the
coming Congress.

VII. Consistency Legiglation

In January of last year, the Supreme Court held that sales
of offshore o0il and gas leases are not activities that affect the
coastal zone, and are, therefore, not subject to the consistency
provision in the CZM Act which requires that offshore operations
be approved as consistent with the adjacent State's coastal zone
management plan before being undertaken.

In response to this, legislation has been introduced which I
and most of the members of the Florida Congressional Delegation
have co-sponsored, that would specify that ccastal States affect-
ed by the sale of leases must determine such sales to be consis-
tent in advance of leasing activity.



297

This legislation is needed because a lease sale initiates a
range of possible activities that could severely affect the
coastal zone. This is especially true in the State of Florida,
where the tourist industry and the recreational and commercial
fishing industries are so important to the economy and the quali-
ty of life. The Governor has strongly urged passage of this
legislation and I expect this to be a major issue in the coming
Congress. Even if this offshore activity did not produce a need
for funds for protection of the shore environment, such funds are
needed to protect that environment and this is a logical source
of funds.

VIII. Coastal Barrier Protection

Perhaps the greatest single legislative accomplighment in
the last 3 or 4 years by the Congress that impacts the quality of
life in the coastal zone areas is the passage of the Coastal
Barriers Resources Protection Act which I cosponsored in 1982.

In that legislation, Congress prohibited for the first time
the sale of Federal flood insurance after October 1, 1983 for any
new construction on barriers defined as undeveloped by the
Department of the Interior. Since that time, we have gone
through much controversy in working with the Department of the
Interior to define precisely what is a coastal barrier that
should be protected by the legisltion. We managed to have part
of Amelia Island included in this system as well as Big Talbot
Island. Each of these inclusiong is logical and proper and I
supported these needed inclusions.

Coastal barriers are generally defined as elongated, narrow
land forms separated from the mainland by marshes or open water
eminently related to the island. These barriers include both
true island and mainland beach systems. Hurricanes and other
large storms have caused extensive damage to coastal areas.
Environmental scientists have told us these lands might be very
substantially reduced by erosion if we don't adequately preserve
the coastal barriers. Coastal barriers also protect estuarine
and wetlands areas from the forces of the sea and provide a
highly productive environment for many plant and animal species.

The Apalachicola Bay System in Western Florida is a prime
example of a coastal barrier system. It provides over 80% of the
state's oysters and serves as one of the most productive areas of
blue crab propogation along the Gulf Coast of Florida. 1In addi-
tion, this system is a major nursing ground for shrimp and for a
broad range of invertabrates and finfish which supply extensive
commercial and sport fisheries.

IX. Non-Point Scource Pollution

One other issue which I believe will be of significant
importance to the 99th Congress is the problem of what to do with
non-profit sources of water pollution, that is sources that are
not discharged from a discreet identifiable pipe or conveyance.
The importance of putting a stop to uncontrolled nonpoint source
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pollution has become very evident over the past decade as
industrial and municipal point sources have come in line with the
Clean Water Act, and yet we still have wide spread pollution.
Congress is expected to carefully examine the adequacy of current
water quality standards in other programs to control non-point
sources of pollution and to see whether new Federal programs may
be needed.

Nonprofit source pollution is transported to streams and
lakes primarily by rainfall run off from agricultural lands,
forestry and construction operations, abandoned mine sites, and
urban and suburban areas. The pollutants include conventional
and toxic materials, animal waste, fertilizer and pesticides
washed off crop lands, metals and oils from roads, and other
agricultural materials. EPA officials have estimated that non-
profit sources contribute at least 50% of total pollution levels
in the Nation's waters.

Very little attention was given to these non-profit sources
of pollution in the 1972 Water Pollution Control Act or in its
amendments. The time has probably now come to do something about
it. Many complex aand difficult decisions will, of course, need
to be made in formulating the appropriate legislation to combat
this course of pollution. I am hopeful that your group will be
able to work with myself and other members of Congress in produc-
ing effective legislation.

X. Nassau Valley Protection

I have introduced my own legislation this year which I
introduced last year that would provide protection for the
marshes of the Nassau River Valley and some of the adjacent upper
lands. I am certain that most of you are familiar with the
environmental and recreational values provided by this gorgeous
marsh river bed system between the S$t. John's and St. Mary's
Rivers. My legislation would establish a conservation district
throughout the entire area which would place restrictions on the
type of development that would be allowed throughout. The re-
strictions would be determined by a Commigsion of local and state
representatives which would be composed of persons representing
the diverse interests in the adjacent areas of Duval and Nassau
Counties.

Congressman Seiberling, the Chairman of the public¢ lands
subcommittee of the House Interior Committee, is planning to
vigit this area this spring., He and I then expect to fly over
the area in a helicopter with some of his staffers and other
Federal officials, and I think that the chances of getting
protection legislation will be very good this year.

The 99th Congress will continue to improve the guality of
life in the coastal zone areas of our country. Seminars like
this one will help to bring about positive results. I am
grateful for your work in this field and for your kindness in
including me in this effort.
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CONNECTIONS BETWEEN COASTAL GROWTH AND FISHERY HABITAT
ISSUES IN NORTHEAST FLORIDA AND GEORGIA

William Seaman, Jr.

The natural coastal and marine resources of Georgia and
northeast Florida make a significant contribution to the region's
economy. Moreover, these resources are not only closely inter-
twined with each other but also are a significant part of the
social fabric. In reviewing the extensive material presented at
the conference it is important to consider the diverse audiences
concerned with the resource base and which the conference sought
to embrace. Furthermore, tying together the perspectives of
those interests identified on the program brochure, namely:

.Elected Officials

.Scientists

.Coastal Developers

.Fishermen

.Marine Businesses

.Citizens

.Marine Professionals
requires a broad and balanced approach. Within these guidelines
there are three jobs to perform in providing a synopsis for both
those who attended the conference as well as those who only will
have the written record of it: To summarize what happened; to

note what did not happen; and to indicate where we go from here.

What Did Happen

This section might appropriately be sub-titled "A synopsis
of the fish-habitat story.” In terms of format we began with six
invited review papers that summarized knowledge, trends, and
themes pertinent to Georgia and Northeast Florida coastal
resource issues. Topics included fisheries and their economics,
coastal habitats, the contribution of rivers and upland drainages
to coastal ecology, and management of wetlands. Key agency and
academic people active in this field shared information, as
presented in greater detail elsewhere in this document. Among

Assoclate Professor, Fisheries, University of Florida and
Associate Director, Florida Sea Grant College Program, Building
B03, UF, Gainesville 32611.
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the significant findings worth a summary remark here, however,
were these five:

1. Economics. This region yields economically wvaluable
fisheries. Commercial dockside landings exceeded
$32,000,00 in a recent year. Furthermore, this value is
multiplied through processing and sales. And recrea-
tional fishing is even larger, but not gquantified
monetarily,

2. Linkages. At least 75% of the sport and commercial fish
catch in these waters is based on species that are
dependent upon the estuary for part or all of their life
cycle., Examples are shrimp, menhaden, and blue crab. A
second linkage is the upland-coastal drainage pattern,
whereby critical freshwater is provided to the coast.

3. PFishery trends. There is an apparent decline in fishery
production, particularly noted for blue crabs and
shrimp.

4. Finite resources. Natural resources of this coast are
limited, yet anticipated increase in their usage will
add to pressures for multiple use. Estimated habitat
losses include 36% of the lower St. Johns system since
the 1940's, and 18% of Georgia cyster beds over the last
century.

5. Role of science. Scientists of both states remain com-
mitted to long-term and informed decision-making about
resource issuves, and are able to both explain the struc-
ture and function of natural systems (e.g., salt mar-
shes), and demcnstrate successful research that antici-
pates and answers practical management questions (e.g.,
shrimp £fishing).

Sixteen contributed papers then addressed issues such as
water quality, pollutien, coastal ecology, impacts of develop-
ment, characteristics of fisheries and habitat restoration/
enhancement., The two states were the subject of six papers each.

Key points and themes, some reinforcing the contributed papers,
included:

1. Confirming the decline of oyster fisheries in this
region,

2. Characterizing the environmental monitoring of local
and state agencies.

3. Explaining how habitat restoration works.
4, Noting increases in fishery pressure,

5. Describing how fisheries are part of the region's rural
social fabrie.
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6. Pinpointing localized pollution problems.
7. Reviewing how research and management interact.

8. Concluding that fisheries and habitat have declined in
overall gquality, but finding it difficult to completely
quantify the degree to which estuaries are endangered.

Information from the review and contributed papers allows a
useful comparison of the differences and similarities of the two
states, letting us step back to appreciate resource utilization
and management in this region, and possible to discern new ways
to enhance the process. The following section integrates some of
this material.

A New Perspective

To sports fans the conference location, Jacksonville, inevitably
calls forth reference to the athletic highlight of the year, namely a
certain annual interstate college football game at the Gator Bowl!
This rivalry suggests a way to look at the data presented by the
Conferees in a somewhat different manner, so that a "Georgia-Florida
faceoff" is offered as part of this summary presentation (Table 1).
Such an analysis reveals that there are some real and very important
differences between the two states in terms of the coastal natural
resource base, socio-political-economic systems, and fisheries
supported along the stretch of the U.S. South Atlantic coast between
Savannah and Daytona Beach. These differences have implications for
management approaches that may differ according to location.

In a sense, the sub-title for this discussion might be "The
Country Mouse and the City Mouse.® The Northeast Florida coast
is three times more heavily populated than coastal Georgia,
reflecting the trend statewide for Florida residents (75%) to
settle on the coast, while Georgians (80%) reside inland. Despite a
smaller pocpulation base Georgia supports a larger commercial fishery,
based largely upon shrimp. The Plorida catch is more diverse, as is
its network of coastal habitats. While the economic magnitude of
recreational fishing may be even larger, the lack of data on the
number of Florida saltwater anglers prevents conclusive discussion.

The current combined population of the 13-county bi-state
area is 1.45 million, up from 950,000 in 1960. This increased
pressure on coastal resources, and the two states responded
differently. Georgia's 1970 Marsh Protection Act streamlined the
management of coastal resources, and only a small fraction of the
habitat loss seen in Florida was experienced in Georgia (Table
l). The explanation for this hinges on more than just a single
Act, however, since for example a significant fraction of the
Georgia coast is in public ownership. By contrast, Florida's
coast is more heavily urbanized and more in private ownership.
Also, the geographic area addressed by the conference is only a
fraction of the total Florida coastline, so that on a statewide
basis Florida has a greater array of issues to resolve. 1In this
case the more rural neighbor, Georgia, has done a "better” job of
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management, if minimizing wetlands loss is used as the criterion
of success.

Missing Parts of the Record

Subject-wise, it still is not possible to provide a totally
quantitative picture of the status of coastal resources in this
region. For example, there are few data regarding contamination
‘from heavy metals or presence or absence of pesticides. Also,
recreational data are less complete than commercial fishing des-
criptors, so that a definite statement of the eccnomic "impact"
of the natural resource base is not available.

Regarding conference participants, four agencies involved
with coastal issues did not submit presentations including two
that did not send representatives. Nonetheless these federal
agencies maintain regulatory and research obligations for coastal
areas. Absent were the Environmental Protection Agency and the
Army Corps of Engineers, while presentations were not made by
representatives of either the Figh and Wildlife Service or the
National Marine Fisheries Service who did attend the conference.

An interesting difference in the authorship of contributed
papers was the equal split between academic and Department of
Natural Resources (DNR) presentations from Georgia (three each),
while Florida subjects were covered by academic (six) and only
non~DNR (four) authors.

Agenda for the PFuture

Finally, it seems that there are at least five action items

for conference follow-up. In other words, we need to get to work
on:

1, The Widening Gap in Marine Literacy. As pressures on
coastal resources grow, public awareness is tending to
fall behind concerning decisions for long-term develop-
ment and conservation of marine and coastal resources.
In Southwest Florida, for example, only one-~third of the
surveyed public could correctly tell what a mangrove is.
Meanwhile, the Florida DNR actually has fewer profes-
sionals in "Information and Education” than it did a few
years ago., Among other things, we need to expand "K-12"
school programs in marine education, and hire more
extension agents to serve coastal audiences.

2. The Scientific Data Gap. One principal need is to fill
in the gaps concerning the economic contribution of
coastal resources to society. For example, a system to
count the number of recreational anglers is needed.
Secondly, the marine scientists employed by each state
are professionals, and should be paid as such. The
salaries of Florida fishery biologists, for example, are
in the bottom 10 in the nation.
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3. Preparing for Future Issues. As described in the key-
note presentation, issues such as the allocation of
freshwater to different users--including estuaries and
their plants and fishes--are emerging as significant
resource management questions in the 1980's, Both pub-
lic decisionmakers and science must prepare for them
while there is time to gather advance information on
which to base rational action.

4. Developing a Constituency for the Coast, Sounds, and
Estuaries. 1In a sense, the coastal resource needs a
"press secretary”, an informed, rational, reasoned voice
to keep public and private audiences informed of issues,
needs, and opportunities, and to promote continuing
exchange of information. Such an effort could enhance
the attempts to improve shellfish waters or explain
proposed actions such as Congressman Bennett's Nassau
Valley plan.

S. Technical Follow-Up to the Conference. The leadership
provided by the conference planning committee offers one
vehicle to track issues that the participants identified
as worthy of future attention. This group could consi-
der ways to consolidate existing information or resolve
data gaps, with a longer-range objective of regional
cooperation on common issues. Possibly a formal group,
patterned after some organization such as the Marine
Resources Council of East Central Florida, Inc., could
be established. Such a group in this region might
provide a head-start for avoiding the problems common to
more urbanized coastal areas. In another area, for
example, formation of the Tampa Bay Study Committee
eventually led to State legislative funding for coastal
programs in that area. Information dissemination will
remain a key concern. Joint technical sessions for
Georgia and Florida scientists should continue regular-
ly, and could provide a means to compile research data
for use in management. Because of the differences in
coastal management in Georgia and Florida, each state
might prepare management interests separately, yet occa-
sional information exchange would be useful. Finally,
workshops at the county level could address local issues.

For two-and-a-half days, between 50 and 60 people conferred
on significant coastal issues. Certainly the conference represented a
landmark effort, as the first of its kind in this region. Yet when we
consider the regional population of nearly 1.5 million, the task
before us becomes apparent. With this kind of perspective, the
conference organizers and participants should work to meet the
challenge ¢of broadening the pool of interests that benefit from the
findings of the conference. The “"fish-habitat story" is an important
and timely one. In a real sense, the work of the conference is only
just starting. Indeed the "fish-habitat story" is incomplete, and
part of its ending will be written by those who put ideas from the
conference into action.



304

Table 1. Comparative resource statistics for Atlantic coastal
areas of Georgia and Northeast Florida 1984, with
selected statewide data. (Compiled from individaul
conference papers.)

. Northeast
Factor Georgia Florida
Regicnal Data
Coastal Counties 6 7
Coastal Population 350,000 1,100,000
Recreational Boats 22,000 50,000
Recreational Fishermen 60,000-280,000 ?
Commercial Fishery
Landings
Finfish $600,000 $4,600,000
Shellfish $18,000,000 $9,600,000
Major Habitats Marsh, sound Marsh, mangrove,
lagoon
Statewide Coastal Data
Population on Coast 20% 75%
Habitat Loss Since 1970: Last 2 years:
<300 acres 7,500 acres
Organization of
Management Streamlined Complex, more local
controls, many broad
igsues
Waterfront Ownership Significant Mostly private

public hold-
ings
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FISH HABITAT SYMPOSIUM:

GROWTH IMPACTS ON COASTAL N.E. FLORIDA AND GEORGIA

SCHEDULE OF EVENTS

Wednesday,
January 23

Thursday,
January 24
8:00 A.M,

8:30 A.M,

9:00 A.M,

9:45-10:00

1¢:00 A.M,

10:00-10:20

10:20-10:40

10:40~-11:00

11:00 A M,

12:00 P.M.

1:00 P.M.,

1:00- 1:20

EARLY REGISTRATION - Thunderbird Hotel Lobby

REGISTRATION (Convention Center Lobby)
MEETINGS (Indian River Room)

OPENING REMARKS - Joe Halusky, Florida Sea Grant
Extension Program; and Taylor Schoettle, Georgia Sea
Grant Extension Program

REVIEW PAPER I - James Cato, Flerida Sea Grant
College: "Review of Regional Fisheries Resources.
Values, Trends, and Ties to Coastal Habitats and
Human Development Activities"

BREAK

CONTRIBUTED PAPERS, SESSION I - G. Warren Leve, U.S.
Geological Survey (Retired): Geophysical Descrip-
tions of Region’'s Coastal Environmental Systems and
Interactions.

William Bigler, Tom Savage, and Forrest Ware: “"Heavy
Metals in Sediments and Biota of the Chipola and Santa
Fe Rivers"

Lary Perkins: "St. Johns Estuary Ambient Water Quality"

Joel Steward, Palmer Kinser, and Carol Fall: "A Pre-
liminary Description of Water Quality, Hydrology and
Wetlands in the Nassau River Basin”

REVIEW PAPER II - Don Ekberg and Gene Huntsman,
National Marine Fisgsheries Service: *"O0ffshore
Fisheries - Issues and Impacts for Florida and
Georgia: Trends and Relations to Wetland Systems”

LUNCH ( on your own)

CONTRIBUTED PAPERS, SESSION II - Quinton White,
Jacksonville University: Biological Systems
Associated with Coastal Regions, Inshore and Offshore
Fisheries

Virginia Baisden: "Preliminary Analysis of the
Impacts of Kings Bay Submarine Base on Cumberland
Estuary with Regard to White Shrimp"



1:20- 1:40

1:40- 2:00

2:00- 2:20

2:40- 3:00

3:00 P.M,

4:00 P.M,

5:00 P.M.
7:00 P.M.

8:00 P.M,

Friday
January 25
9:00 A.M.

10:00 A.M.
10:20 A.M,

10:20-10:40

10:40-11:00
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Roy R. Lewis, III and Steve H. Lumbert: "Tidal Marsh
Restoration and Creation"

S. Gordon Rogers, Timothy D. Targett, and Scott B,
VanSant: "Utilization in Georgia Salt Marsh Estuaries:
The Influence of Springtime Fresh Water Conditionsg”

James K. Schooley: "Patterns of Energy Flow in the
Seagrass Beds and Impounded Marshes of the Indian
River's Mosquito Lagoon, Florida"

BREAK

REVIEW PAPERS III1 - Mike Durako, Florida Dept. of
Natural Resources: "Coastal Fisheries and Habitats -
Issues and Impacts: NE Florida (St. Marys to Mosquito
Lagoon)"

REVIEW PAPER IV - Susan Shipman, Georgia Department
of Natural Resources: "Coastal Fisheries and
Habitats - Issues and Impacts: Georgia (Savannah to
St. Marys)"

CONCLUSION OF THURSDAY SESSIONS
CASH BAR {Duval Room)

DINNER (Duval Room)

Scientific Keynote Speaker - B. J. Copeland, Univer-
sity of North Carolina Sea Grant Program: "A
National Perspective on Coastal Fishery Habitats"

MEETINGS {(Indian River Room)

REVIEW PAPER V - Carole DeMort, University of North
Florida and Dave Gillespie, University of Georgia:
"Coastal Fisheries and Habitats - Issues and Impacts;
River Basin Contributions to Estuaries"

BREAK

CONTRIBUTED PAPERS, SESSION III - "Mac" Reigger, BHR
Planning Group, and Larry Gerry, St. Johns River
Water Management District: Socioceconomic and Politi-
cal Impacts: Issues and Policies Affecting Land Use
and Fisheries Habitats

Ronald J. Essig and Andre C. Kvaternick: "Recent
Trends in Landings and Characteristics of the Georgia
Commercial Fishing Fleet, 1979-1983"

Mary Margaret Overbey: "The Socioceconomic Impact of
Kings Bay Naval Base on the Commercial and
Noncommercial Figheries of Camden County, Georgia"



11:00-11:40

11:40-12:00

12:00 P.M,

1:30 P.M.

1:30-1:5¢0

1:50- 2:10

2:10- 2:30

2:30-3:05
3:05- 3:25

3:25- 3:45

4:00 P.M.

5:00 P.M.
NOTE:
7:15 P.M.

8:15 P.M,
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Susan Shipman, Virginia Baisden, Ron Essiqg, Jim Music,
and Duane Harris: "An Overview O0f the Conditional
Opening of Georgia's Sounds to Commercial Shrimping"

L. L. Beason, W. W. Honour, K. I. Miller, A, Q. White:
"Fish Consumption and Mercury Contamination in the St.
Johns River"

LUNCH (on your own)

CONTRIBUTED PAPERS, SESSION IV - "Chuck" Flowe,
Jacksonville Bioenvironmental Services: General Con-
tributed Papers on Region's Fisheries Habitats and
Related Items

Michael D. Calinski: "The Postlarval Ocean Management
Study (POMS) - Nursery Habitat and Coastal Development"

Matthew R, Gilligan: "Early Colonization and Utiliza-
tion of a Concrete Artificial Reef of the Georgia
Coast by Invertebrates and Fishes"

Frank G. Nordlie: "Ontogenetic and Seasonal Patterns
of Osmotic and Ionic Regulation and the Energetic Cost
of a Variable Salinity Environment in the Striped
Mullet"

BREAK
James A. Valade: "Manatees of Northeast Florida"

William T. Young and Glenn L. Butts: "Biological
Assessment Pollution Abatement Impact in Western
Choctahatchee Bay"

REVIEW PAPER VI - James W. Stoutamire, Qffice of
Coastal Management, Department of Environmental Regu-
lation and Owens Smith, University of Georgia,
Department of Natural Sciences: "Growth and Manage-
ment of Coastal Wetland and Wetland Adjacent Lands:
Fish Habitat Quality and the Decision Making Process"

CONCLUSION OF FRIDAY SESSIONS
EXHIBITS ARE ON DISPLAY IN THE SEMINOLE ROOM
RECEPTION AND CASH BAR

CONCERT AND COASTAL POETRY (Duval Room)

"Listen to the Water Song" - Dale and Linda Crider,
Florida Game and Freshwater Figh Commission, and Don
Grooms, Journalist-singer

"Ocean Love" -~ John Hammond, Jacksonville Poetry
Society
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Saturday FISH HABITAT SYMPOSIUM REVIEW

January 26
7:30 A.M, REGISTRATION (Convention Center Lobby, Thunderbird Hotel)
8:00 A.M. CONTINENTAL BRERKFAST AND ROUND TABLE DISCUSSIONS

(Indian River Room)

MODERATORS: "Mac" Relgger, BHR Planning Group; and
Larry Gerry, S5t. Johns River Water Management
District

BREAKFAST SPEAKER: Honorable Charles E. Bennett,
U.S. Congressman, Jackscnville, Florida: "Managing
Coastal Growth for Quality Living"

ROUND TABLE DISCUSSIONS WITH CONFERENCE SPEAKERS
An copportunity for attendees to exchange ideas with
professional researchers

PANEL DISCUSSION BY SYMPOSIUM REVIEW SPEAKERS

12:30 P.M. LUNCHEON {Duval Room)
Speaker - William Seaman, Florida Sea Grant College -
A Synopsis of the Fish Habitat Story

Exhibits and exhibitors will remain available for
informal discussions after the luncheon.
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Abstract

SESSION 1

TITLE: Heavy Metals in Sediments and Biota of the Chipola
and Santa Fe Rivers

AUTHOR({S): William Biglerl, Tom Savagez, and Forrest Ware3

ADDRESS(S): %Department of Health & Rehabilitative Services;
Department of Environmental Regqulations;
Game and Fresh Water Fish Commigsion

An interagency work group composed of personnel from the
Department of Health and Rehabilitative Services (HRS), the
Department of Environmental Regulation (DER), the Game and Fresh
Water Fish Commission (GFC), and the Department of Natural
Resources (DNR), conducted and investigation of the Chipola River
and Santa Fe River in North Florida to determine baseline concen-

trations of selected heavy metals in water, sediments, shellfish,
and finfish.

Water samples from the Chipola River were below minimum
detectable limints for Mercury (Hg), Chromium (Cr), and Copper
{Cu). All results from Lead (Pb) were less than the actual value
of 5.0 ppm reported and all cadium values were less than 0.20
ppm.

Sediments from the Chipola River were as follows: Cadmium
values 0.4 to 0.8 ppm, Chromium 16.5 to 35.6 ppm, Copper 1.53 to
6.63 ppm, Lead 6.2 to 19.8 ppm and Mercury 0.03 to 0.19 ppmn.

Two species of clams, Corbicula manilensis and Elliptio sp.
from the Chipola and Santa Fe Rivers were analysed for the pre-
sence of metals. Mean concentrations of Cadmium Chomium, and
Mercury were below levels which would be determined hazardous to
human health (1.0 ppm). However, Lead levels in Chipcla River
clams ranged from 0.60 to 1.0 ppm with a mean of .843. 1In
addition, clams from two or four stations along the Santa Fe
River had Mercury concentrations at or above 1 ppm.

Mean concentration of Cadmium, Chromium, Copper, Lead and
Mercury in fish were below levels which could be determined
hazardous to human health. However, at least a few fish from
each of the three groups taken from both rivers exceeded 0.5 ppm
for Lead. 1In addition, some individual fish in both rivers
approached 1.0 ppm for Mercury. The mean level of 0.511 ppm
Mercury is bass from the Chipola River is a classic example of
biomagnification of this metal in the food chain.
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Abstract
SESSION 1

TITLE: St. Johns Estuary Ambient Quality

AUTHOR(S): Lary Perkins

ADDRESS(S}): 515 W. 6th Street, Jacksonville, Florida 32206

The St. Johns River Survey is conducted on a bimonthly basis
and includes twelve (12) sample sites. The survey covers an area
beginning in northeast Duval County with the ICWW and extends
south to Julington Creek. The water is analyzed for nineteen
(19) parameters at each site. Parameters include:

Tide Total Phosphorus

Temperature Ammonia

pH Total Kjeldahl

Dissolved Oxygen Nitrogen

5-day Bio-Chemical Nitrate-Nitrite
Oxygen Demand Iron

Turbidity Lead

Suspended Sclids Copper

Conductivity Cadmium

Chlorides Zinc

Fecal Coliform

This data is compared to the State Standards for Class IIT

Waters and any vieclations noted.

Periodically, current data is

compared with data of previous years to determine trends. Viola-
tions will be discusses in the context of aquatic or human health

impact.

In 1982, the Environmental Protection Agency (EPA) and Bio-
Environmental Services Division (BESD) conducted a survey of the
St. Johns River which involved analyzing the water column, sedi-

ment, and fish tissue for PCB's.

At the time of the survey, the

EPA chose Trout River as a central location from which to collect
the fish. Later, PCB concentrations in the sediment progressive-
ly increased in an upstream direction with the highest concentra-

tions being in the Cedar River.
analysis in the Cedar River area.

BESD to conducted fish tissue

Fish were collected in cooper-

ation with the Florida Game and Freshwater Fish Commission.
Coupled with fish consumption data, a health risk assessment was

conducted and presented.
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Abstract
SESSION I
TITLE: The Nassau River Basin Hydrologic and Environemental
Study
AUTHOR(S) : Joel Steward, Palmer Kinser and Carol Fall

ADDRESS(S): P.O. Box 1429, Palatka, Florida 32078

The St. Johns River Water Management District, in coopera-
tion with USGS, is conducting a long-term hydrologic and water
quality monitoring program, and wetland vegetative survey of the
Nassau River Basin. Hydrologic monitoring entails the collection
of stage, flow, rainfall, temperature and conductivity data using
a basin-wide network of remote, continuous measuring instruments.
The main objectives of this effort are to describe the location
of a freshwater-saltwater interface and its movement as affected
by tidal stage and freshwater inflow, and to develop a one-
dimentional model to determine flow at various points in the
river given rainfall and stage data. The objectives of the water
quality program are to generate water and sediment chemistry data
base, to delineate existing or potential water quality problems,
to further characterize the chemical and physical nature of the
interface or mixing zone and to describe spatial and temporal
trends with respect to chemical constituent concentrations and
loadings.

Preliminary data analysis (8 sampling events) reveals that
the most apparent anthropogenic water quality impact is the
effluent from a municipal wastewater treatment plant discharged
to Mills Creek, on the Nassau's headwater tributaries. Nitrogen
and phosphorus concentrations in Mills Creek are a magnitude
greater than concentrations measured elsewhere in the river sys-
tem. These nutrient concentrations drop sharply downstream from
Mills Creek, exhibiting a tight consistency with little variabil-
ity throughout the freshwater-saltwater mixing zone. The mixing
zone, as defined by high salinity fluctuations, is not discrete,
but is rather spatially extensive. The mixing zone has exper-
ienced a 78% to 88% variability in surface salinity ranging from
0% to 18%, as influenced by various rainfall events and stages in
the tidal cycle.

The objective of the wetland vegetative survey is to map and
classify wetland areas in the basin. The primary source of
information for this survey is color infra-red aerial photographs
(1:24,000), which have been recently taken of the tidal portion
of the Nassau River Basin. This information can be used to
develop technical criteria for wetland management and protection
policies, plans or regulations.
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Bbstract

SESSION 11

TITLE: Preliminary Analyses of the Impacts of Kings Bay
Submarine Base on Culberland Estuary With Regard to
White Shrimp

AUTHOR(S): 'Virginia Baisden

ADDRESS({S): 1200 Glynn Avenue, Brunswick, GA 31523

An extensive monthly data base has been collected and com-
plied since 1974 for penaeid shrimp and blue crabs in many of
Georgia's estuarine systems, including Cumberland estuary, for
fisheries assessment purposes and managment recommendations. One
of the former Cumberland sampling sites was located in the area
of Kings Bay Submarine Base. Initiation of dredging and con-
struction forced this sampling station to be relocated.

The initial Kings Bay channel construction, expansion of the
Kings Bay facilities, and subsequent maintenance dredging has
greatly modified that portion of Cumberland estuary. The estua-
rine area that is now the Kings Bay Basin and the Intracoastal
Waterway - Ship's Channel was a relatively shallow area prior to
these dredging activities. It is now maintained at an approxi-
mate depth of 50 feet at mean low water. The possible dele-
terious impact of this habitat,, alteration, including this disg~
ruption and possible destruction of penaeid shrimp nursery
grounds, will be discussed. The possible beneficial effects of
the increasd channel depths will also be examined, including the
role that these areas play as overwintering grounds for penaeid
shrimp. This function could be especially important during win-
ters characterized by devastating freezes such as those
experienced during 1977, 1978, 1981, and 1983.

Abstract
SESSION II
TITLE: Tidal Marsh Resgoration and Creation
AUTHOR(S): Roy R. Lewis III and Steve H. Lumbert

ADDRESS(S): Mangrove Systems, Inc., P.O, Box 15759, Tampa, F1 33684

The restoration and creation of tidal marshes utilizing
smooth cordgrass (Spartina alterniflora)} has become a routine
procedure in Georglia and South Florida. Tidal marsh
restoration/creation in northeast Florida has not been attempted
on a large scale. A demonstration project utilizing native
marine plant materials to stabilize an excavated drainage canal
into the intercoastal waterway in Duval County was begun in June
of 1983. The success of the project and its application to
future marsh creation efforts is discussed.
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Abstract

SESSION II

TITLE: Fish Nursery Utilization in Georgia Salt Marsh
Estuaries: The Influence of Springtime Preshwater
Conditions

AUTHOR({S): S. Gordon Rogers, Timothy E. Targett, and
Scott B, Van Sant

ADDRESS(S): Skidaway Institute of Oceanography, P.O. Box 13687,

Savannah, GA 31416

The fish assemblage utilizing shallow nursery habitats in
the Ogeechee River-Ossabaw Sound salt marsh estuary, Georgia was
investigated during the winter and spring of two successive
years. High river discharges during these periods produced fully
freshwater conditions (all tidal stages and amplitudes) in the
upper portion of the study area for up to four months. Abun-
dances of Atlantic croaker (Micropogonias undulatus), southern
flounder (Paralichthys lethostigma), silver perch (Bairdiella
chroysours), and hogchoker {(Trinectes, maculatus), recrults were
highest in oligphaline to freshwater portions of the estuary.
Spot (Leiostomus xanthurus) were more evenly distributed, but
continued to utilize upper estuary nursery areas during periods
of high river discharge. Although the recruitment of several
species was likely inhibited during discharge peaks, only striped
nullet guugil cephalus) avoided freshwater conditions. Occur-
rence, distribution, and/or length data, indicate that spot,
southern flounder, Atlantic menhaden, and silver perch utilized
shallow nursery areas on a sizespecific basis. Abundance,
length, and rank analyses showed that recruitment and utilization
patterns of fishes spawned in deeper areas were generally main-
tained throughout prolonged periods {(up to 100 days) of fresh-
water conditions., The precise function of upper estuary nursery
areas is governed by the timing and magnitude of discharge
events, but remains essentially intact through the seasonal
encroachment of freshwater. (w/perm. Trans. Am. Fish. Soc.).
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Abstract
SESSION II
TITLE: Factors influencing the patterns of energy flow in
the seagrass beds and impounded marshes of the
Indian River's Mosquito Lagoon, Florida
AUTHOR(S) : James K. Schooley

ADDRESS(S): Department cof Zoology, University of Florida,
Gainesville, Florida

A fourteen-month study of the physical and biological fac-
tors influencing the secondary production of estuarine fishes was
conducted at four sites in the Mosquito Lagoon and surrounding
impounded marshes in east central Florida. The temperature of
waters of the impounded marshes ranged from 6 to 39°C. Salinity
varied between 10 and 38 ppt. The seagrass beds ranged from 8 to
399C in temperature and 18 to 38 ppt salinity. For the period of
this study, the ranges of temperature and salinity experienced by
resident fish of the impoundments and seagrass beds appeared
comparable. Salinity was positively correlated with fish
standing crop at one of the two impcundments, but at neither
seagrass bed. Median monthly water temperature was positively
correlated with several aspects of fish community structure in
both the impoundments and seagrass beds. Preliginary estimates
of annual macrophyte productigp are 4,306 kJ.m~“ in one impound-
ment and 2,413 and 3,707 kJ.m™ “ in the seagrass beds. Impound-
ment site II had a significantly higher percentage of combustible
organic material in the surface sediment than did the seagrass
bed tested (p < 0.001). Neither zooplankton abundance nor com-
munity composition were significantly different between the
impounded marshes and seagrass beds. When nematodes were
excluded from the zooplankton analysis, the two habitats are
digtinctive in composition during winter and spring. None of the
differences in temperature, salinity, macrophyte production or
the zooplankton community explains the large functional differ-
ences found in the fish communities of the two habitat types.
Several lines of future investigation are proposed.
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Abstract
SESSION III
TITLE: Recent Trends in Landings and Characteristics of
the Georgia Commercial Fishing Fleet, 1979-1983.
AUTHOR(S): Ronald J. Essig and Andre C. Kvaternick -
ADDRESS: Georgia Department of Natural Resources,

Coastal Resources Division, 1200 Glynn Avenue,
Brunswick, Georgia 31523

A State/Federal Cooperative Regional Fishery Statistics
Program was started in the South Atlantic in the late 1970's.
Through this program detailed commercial landings, effort, and
associated fleet characteristics have been collected in a coordi-
nated manner by the National Marine Fisheries Service and state
fishery management agencies. During the past five years (1979-
1983) shrimp accounted for 86% of the ex-vessel value of Georgia
seafood. Hard blue crabs accounted for 11% and all other species
only accounted to 3% of the value of Georgia landings. With the
Georgia fishery so heavily dependent on shrimp, trends in fishing
activity can be associated with the quality of the shrimp season.
Georgia shrimp landings are strongly correlated with effort in
terms of licenses sold, number of trips, and days fished. Vessel
mobility between states has been particularly important in the
shrimp fishery in recent years and is documented by license
sales. Shrimp vessels have alsc tended to fish for longer
periods of time before unloading compared to the predomlnant
single-day trip in the past. Diversification of species sought
is becoming 2 more common fishing strategy as exemplified by the
recent expansion of the Georgia conch fishery,.
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ABSTRACT

SESSION III

TITLE: The Socioceconomic Impact of Kings Bay Naval Base on
the Commercial and Noncommercial Figheries of
Camden County, Georgia

AUTHOR: Dr, Mary Margaret QOverbey

ADDRESS: Department of Anthropology, 1350 GPA,
Universgity of Florida, Gainesville, FL 32611

This case study examines the socioeconomic impact of a newly
constructed nuclear submarine base on the rural coastal community
of Camden County, Georgia. Camden County, located on the coastal
strand of southeastern Georgia, is part of the Barrier Island
Region. Analyzing the sociocecconomic impact of large-scale devel-
opment projects on coastal communities entails consideration of
the productivity of the local environment, the human use patterns
of exploiting local resources, and the adverse effects of the
construction, operation, and incoming population on these activi-
ties. Although the region is defined by shared geographical,
economic, historical, and social features, it is named for its
most striking characteristic -- the chain of barrier islands that
separate the mainland from the Atlantic Ocean and allow the
development of an extensive marsh estuary. Basic to the economy
and lifestyle of Camden County residents is an orientation to and
a dependence on the Cumberland Sound estuarine estuarine complex.
In this situation, however, the interests of residents in a
productive estuary compete with the national security interests
of the United States Navy to utilize the estuary for submarine
traffic. This paper examines the traditional land use patterns
of the area and the importance of the estuary to the economic
activities of the county. It further addresses some of the
adverse impacts of base construction, operation, and the asso-
ciated influx of naval personnel on the productivity of the
estuary on which commercial and noncommercial fishermen rely.

The paper concludes that the construction and operation of the
base will alter the bioclogical productivity and human use pat-
terns of the estuary. The military influx, expected to double
the original county population, will place additional stress on
the estuary and increase competition for diminishing resources.
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Abstract

SESSION III

TITLE: An Qverview of the Conditional Opening of Georgia's
Sound to Commercial Shrimping

AUTHOR(S): Susan Shipman, Virginia Baisden, Ron Essig,
Jim Music and Duane Harris

ADDRESS: Georgia Department of Natural Resources
Coastal Resources Divigion, 1200 Glynn Avenue
Brunswick, Georgia 31523

The decision to open Georgia's sounds to commercial shrimp
trawling in the fall in 1983 was an example of the application of
flexible fisheries management to maximize yield of a state's
valuable commercial shrimp fishery., Shrimp harvested from six
Georgia sounds during eleven days in November and December
yielded approximately 179,000 lb valued at $0.8 million. Abnorm-
ally warm, dry conditions that persisted during fall of 1983
effected an interruption in the normal offshore emigration of
large, premium value shrimp. Anticipating the emigraticon and
gouthward migration of these shrimp during severe weather condi-
tions prohibitive to trawling, as suggested by previous mark-
recapture studies, fisheries mangagers recommend a limited open-
ing of Georgia's sounds to commercial shrimping. This condi-
tional strategy was adopted to maximize economic and biological
yield and to minimize adverse impacts on users of the shrimp
resource as well as other resources.

The principles of fisheries management considered in formu-
lating this decision, including shrimp life history and popula-
tion dynamics, social and economic consideraticons, environmental
conditions, and additional resource considerations, are pre-
sented. The resultant preduction and impacts on other resources
and resource users are examined. Additionally, the overall suc-
cess of this management decision, as evidenced by Coastal
Resources Division shrimp assessment, mark-recapture studies and
commercial landings statistics, is presented.
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Abstract
SESSION III
TITLE: Fish Consumption and Mercury Contamination
in the St. Johns River
AUTHOR(S}: L.L. Beason, W. Honour, K.I. Miller, and
A.Q. White

ADDRESS(S): Department of Biclogy and Marine Sciences
Jacksonville University, Jacksonville, Fl. 32211

Mercury is a significant contaminant of the aquatic environ-
ment. In addition to contamination of water through natural
weathering processes, industrial sources of mercury and inorganic
mercury salts can be transformed into highly toxic methyl mercury
by microorganisms dwelling in sediments.

Methyl mercury is readily concentrated within the aquatic
food chain and is, therefore, a hazard at excessive levels.
Biocaccumulation of this material occurs within the food web as a
function of the second law of thermodynamics and its slow biode-
gradability. '

This study examined the possibility of mercury contamination
in individuals who eat a significant amount of £fish from the St.
Johns River. It addresses the potential health hazard faced by
this population.

The preliminary results suggest that the current mercury
levels in the fish from the St. Johns River are not sufficient to
promote mercury poisoning in humans. These results are based on
a survey of local fishermen, average fish consumption per person
per week and mercury levels in selected specieg. The results are
based on 807 individuals who responded to the survey.
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Abstract
SESSION IV
TITLE: Early Colonization and Utilization of a Concrete
Artifical Reef off the Georgia Coast by Invertebrates
and Fishes
AUTHOR: Matthew R. Gilligan
ADDRESS: Department of Biology and Life Sciences,

Savannah State College, Savannah, Georgia 31404

The Savannah Sport Fishing Club, on March 31, 1983, placed
406 tons of precast concrete culvert (249 units) at Artifical
Reef "L" off the Georgia Coast in an effort to enhance its re-
creational and sport fishing potential. The reef is located 19
miles WSW of Savannah at a depth of 60 feet. This report des-
cribes efforts to monitor and assess the early colonization and
community development of the reef by invertebrates and fishes.

Immigration or recruitment and growth of organisms on the
reef were investigated monthly at the reef for five months fol-
lowing placement and irregularly thereafter. During each visit
to the reef by SCUBA divers a rapid visual census of fishes was
conducted, 1:3 close-up photographs of concrete surfaces were
taken, and samples of concrete were collected for laboratory
analysis.

The results indicate that colonization by encrusting inver-—
tebrates and immigration by adult black sea bass began within
weeks of placement. Nearly 100 percent cover of some concrete
surfaces was achieved within four months of placement. After
five months over 20 fish species had become resident or were
found in some degree of association with the reef.

Growth of some of the invertebrates and fishes was measured.
Encrusting invertebrate animals continued to grow during the
winter months but most of the fish species were not present on
the reef during the cold water temperature months.
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Abstract
SESSION IV
TITLE: Ontogenetic and Seasonal Patterns of Osmotic and
Ionic Regqulation and the Energetic Cost of a
Variable Salinity Environment in the Striped Mullet
AUTHOR : Frank G. Nordile
ADDRESS: Department of Zoology, University of Florida

Gainesville, Plorida 32611

Striped mullet embryos are steochaline marine forms and the
juveniles gradually expand their salinity tolerances as they
develop. The full range of salinity tolerances is developed
later when the juveniles are in estuarine waters. The smallest
individuals found in estuarine areas cannot yet tolerate extreme-
ly low salinities and the ability of these individuals to regu-
late their plasma concentrations is also very limited, especially
at high environmental salinities. As they continue to develop,
both their salinity tolerances and osmotic regulatory capabili-
ties develop so that individuals of 55 mm total length show
roughly the broad range of tolerance of environmental salinity
and the good osmotic regulatory capacity of adult striped mullet.

Seasonally, plasma inorganic ionic concentrations, and as a
result, plasma-osmotic concentrations in this species, alter as
functions of environmental temperature. These alterations tend
to stabilize the osmotic concentration differences between the
blood and environmental medium under altered temperature
conditions. '

Aerobic respiration, as evidenced from rates of oxygen con-
sumption in striped mullet, is lowest at environmental salinities
roughly equivalent in concentration to the blood plasma and rises
at both lower and higher salinities. This means that it is
energetically least costly for such a form to inhabit waters of
roughly one third@ the concentration of average sea water.

These physiological relationships will be discussed in the
context of the life history of the species in Florida waters.
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Abstract
SESSION IV
TITLE: Manatees of Northeast Florida: A Synopsis of
Manatees Research in Northeast Florida, 1980-1984
AUTHOR: James A, Valade
ADDRESS: Jacksonville University, P.0O. Box 11635

Jacksonville, Florida 32211

Manatee population dynamics in Northeast Florida over a
four-year period will be discussed. Data presented will include
literature reviews as well as the results of a Manatee Watch
Program initiated in 1984 by the Jacksonville Electric Authority.
Major points include seasonal presence, migratory patterns, abun-
.dance and identification of individuals.

Abstract
SESSION IV
TITLE: Biological Assessment of Pollution Abatement
Impacts in Western Choctawhatchee Bay
AUTHOR(S): William T. Young and Glenn L. Butts
ADDRESS: 160 Governmental Center, Pensacola, F1. 32501

Western Choctawhatchee Bay experienced population growth
eutrophication from sewage treatment plants up until two or three
years ago. These plants have converted to upland disposal and
water quality improvement is indicated. Substrate degradation
including sludge deposits and seagrass elimination remains. It
is necessary to conduct comparative artifical and natural sub-
strate assessments in order to determine the true water quality
improvement impact on food chain macroinvertebrates and periphy-
ton. Supporting water quality and sediment data will be
discussed.
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Abstract
SESSION IV
TITLE: The Postlarval Ocean Management Study (POMS)
Nursery Habitat and Coastal Development
AUTHOR: Michael D. Calinski
ADDRESS: Division of Natural Science, New College,

University of South Florida, 5700 N Tamiami Terrace,
Sarasota, Florida 33580

Four one-eighth cubic meter artifical nursery habitats
were designed and tested to determine their viability in func-
tionally replacing natural habitat that had been destroyed by
dredging at a location where a developer proposed to build 41
piers. The nurseries were designed and "targeted" for the stone
crab Menippe mercenaria., Within 30 days after being placed in
the water as barren (yet highly structured) substrates, the
habitats began attracting and supporting megalopa and postlarval
crabs. Dense phytoplankton supported an extra-oridinarily 1lush
fouling assemblage. Within 6 months the various designs were
capable of supporting from 20 to over 100 developing crabs (2 to
35 mm CW) each. A new method of tagging postlarval crabs showed
postlarval to juvenile survival to range from 12 to 30 percent.
Juvenile fishery recruits from naturally occuring megalops ranged
from 5 to 30 per habitat per month.

It has been calculated that 123 cubic meters of nursery
habitat could be installed under the 41 piers proposed for the
study site. Such habitat could produce approximately 236,160
extra fishery recruits per year. Over a l0-year period such
hablitats would cost approximately $148,000.00 and would produce
approximately $590,000.00 dockside worth of erabs., 1In this man-
ner the detrimental effects of coastal development can be
reversed in an ecologically viable and economically feasible
manner. The concept of the artifical nursery habitats is appli-
cable to virtually all non-pelagic species of sport and commer-
cial importance.
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