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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 simply, we are here to fulfill a need
to develop a better understanding of how rapid population gr owth
is affecting our coastal fisheries habitats. It came to be,
beoause 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 aware" citizens, through their some-
times daily contact with the coastal environment, have observed
changes in wetlands thought to be associated with nearby "upland"
activities. Many have expressed concern for wise coastal 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
scientific information about how people affect the environment
and the marine life  especially the fisheries! it supports.

Ultimately, the decisions made by public officials and
private developers will, in some way, affect the nearby wetlands.
That almost any activity in upland areas will change the amount or
quality oi water before it reaches the estuary is as sur e 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 dir ectly
affected by upland changes that alter the water flowing through
the system, it becomes a people and growth management problem.
Fisheries management is people management!

The scope of wetland  fish habitat! changes can best be
understood by 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 'l980 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 121A, St.
Augustine, Florida 32086.



the population had grown by 22,126 persons. That is an increase
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 aver 375,000 new residents in an area
just over 3000 square miles for a total population of 1.5
million, ar 500 persons/sq. mile.

Keeping this in mind, and with a few more facts, we can
sur mise how this growth will affect fisher y habitats. First, the
majority of sport and commercially valuable marine fish and
shellfish species are directly dependent on estuarine wetlands
for their survival as a species. According to a recent repart to
the Florida Chapter af the American Fisheries Society, by the
Florida Department of Natural Resources, 72$ of the commercial
and 74$ 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  personal communi-
cation! estimated that in the N.E. Florida seven county region,
there are 227 square miles of non-forested wetlands, repr esenting
only 8$ of the total land surface area. From this we can infer
that over 70$ of the apart and commercial fish produced in this
area come fram less than 8$ of the surface area. The water
draining from the rest, all 3000 sq. miles of the area that is
used by the residents, eventually reaches the battam of the hill,
somewhere in these 227 sq. miles of wetland. In ather words,
their impact could be equivalent to 6,600 people living on each
square mile an non-farested wetland. It is easy ta see that
withaut proper planning, the graving human population will un-
doubtedly alter the fish habitats.

Proper planning r'squires a holistic picture of the ecosys-
tem, based on a solid foundation of scientifically acceptable
infor mation and research. A holistic picture includes studies of
human needs and wants, as muah as those of the marine life. Mho
has done this research? What does the scientii'ic community know
about this r egion's coastal fisheries habitats? Mhat daes it nat
knaw? Where are the gape in infor matian? Mhat management stra-
tegies are needed to insure that the fisheries habitats wil1 not
be significantly changed by uncantrolled human activity near by?
Haw can people and fisheries ca-exist? Mhat do decisionmakers
need to know about marine environments to make good decisions?
These are just a few of the questions that are being explored by
the speakers and guests of this sympasium.

Solicited review papers will provide a broad averview of
knowledge abaut the region, as presented by a variety of academic
and agency experts. They will explore what work has already been
dane and give a synopsis of the present state of knowledge for
their topic areas. These tapics will include economics and
trends in grawth and fisheries; offshore fisheries; coastal fish-
er ies habitat descriptions of Flor ida and Geor'gia; river basin
contr'ibutions to fisheries; the governmental process affecting



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

This symposium is intended for DECISXONMARERS 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 approach
aimed at solving perhaps one cf N.E. Florida and Coastal
Georgia's most important problems, that is, how can rapid human
growth be managed so that a high quality of life can be assured
for both people and marine lifeV

This symposium has three pr imary pur poses:

I! identify existing scientific information regarding coastal
marine fisheries habitat growth issues from Savannah, Georgia
to Mosquito Lagoon, Florida, and the St. Johns River Basin.

2! summarise 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 Maldo Emerson once said "The earth laughs in flowers".
Marine life, like the flowers, grow only where there is a healthy
environment to support it. How can we insure that the wetlands
will continue to laugh in fishV

I hope that this event becomes a building block upon which a
continuing relationship between the scientific community and the
decisionmakers will develop. I hope that it becomes a platform
from which sound decisions can be made for the benefit of all

people who choose to live in these sensitive coastlands. Per-
haps, more importantly, I hope that it becomes a platform from
which sound decisions can be made for those who cannot choose for

themselves - THE FISHtlll



A BIRD'S EYE VIEN OF COASTAL GEORGIA! ITS GEOGRAPHY,
INFLUENCE OF MANy AND FISHERY

Taylor Schoettle

Georgia and north Florida share a unique geogr'aphic setting
being located together in the deep recess of the South Atlantic
Bight. In spite of this fact, the differences between the two
areas are surprising.

Georgia harbors about a half a million acres of salt marsh
along its 100 miles of coast. A faur to eight mile wide strip af
mar sh separates the Georgia barr ier islands from the mainland.
Five maJor rivers bring water from all parts of our state, its
mountains and piedmant, inta aur mar'shee. Ten maJor inlets allow
6.5 to 9 feet of tidal water to flood the marshes twice a day.
Salt and brackish marshes extend as far as 20 miles inland.

Camparing this description af Georgia's coastal wetlands with
those of narth Florida, one can fully appreciate their marked
differences.

Unlike Florida, only one-third of our 13 ma!or barrier
islands are inhabited and the other two-thirds are wildlife

refuges, state parks, research stations and monuments under state
and federal management. Less than 10$ of the population oi
Geargia lives in our six caastal counties.

It is curious to see that, in spite of the relatively sparce
development of the whole Georgia coast, two-thirds of the clam
and ayster beds are condemned because af colifor m pollutian.
Most of the older communities alang our marshes have poor septic
facilities, and are denseLy developed. Rapidly growing communi-
ties, like St. Simons, have overworked sewage treatment systems.

There are abaut 14 miles ai beach on the public islands 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 develaped 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 neighborhoods,
condominiums, apartment complexes, restaur'ants and shopping
centers is cantinuing at an accelerated rate in St. Simons, Sea

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



Island and Kings Bay. Accompanying the high density development,
incr eased runof f with pesticides, fertilizers and organic pollu-
tants adver'sely influence the estuaries and sounds. The mounting
numbers of private boats and marinas also contribute to the
increased pollution and disturbance af the estuary.

North Florida and Geargia share a comman feature which is
rather rare. Water-dependent industries such as paper mills and
sundry chemical plants play a maJor role in aur 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 70'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 states. 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-
pr'essed coastal cammunities understandably find attentive
audiences among municipal leaders.

Fisheries

Fisheries in Georgia at present are limited to shrimp and
crab. Shr'imping r equir'es a large investment of money and can
yield 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 past five years are seriously hurting this
fisher y.

On the other hand, crabbing requires little investment but
yields 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 war'm season. With
improved methods of peeler pr'ocurement 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 affers a poor habitat far commer-
cial finfishing. The 60 to 80 mile distance from cur coast to
the edge of the continental shelf has hampered offshare fishing.
Improved technology and knowledge af affshore fish populations
has increased our recent fish landings. But some of the valuable
offshore species are rapidly declining in numbers under moderate
fishing pressure.

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



whiting and flounder is en!oyed 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
centur y, but today it has virtually died out. There is an
abundance of oyster s and clams in our marshes and a growing
interest in harvesting them. If our waters become cleaner,
culturing procedures improve and depuration facilities are
established, oystering and clamming may again become commercial
fisheries here.



Fisheries Resources, Values and
Trends in Northeast Florida and

Geargia and Ties to Coastal Habitats

James C. Cato

Introduction

The coastal habitat of Northeast Florida and Georgia contri-
butes heavily to the economic well being af both regions. The
rivers, salt marshes, bays, oceans and watersheds all make a
contribution in their own way. Some provide, through their use,
economic benefits that are very difficult to measure. This paper
will focus primarily an the measurable or identifiable praducts
that result from the coastal systems--the fish and shellfish.
This is the most visible par t, is easily identifiable by the
users and managers, and provides the comman denominator for most
discussions concerning the coastal systems. This over view in-
cludes a brief discussion of populatian pressures in the regian
and the fishing and boating public that impacts the estuaries,
gives a iew historical points of interest on certain fisheries
within the region and concludes with a major review of important
species trends of the past twenty years.

Fisheries are directly tied to the praduetivity of the
estuaries. Most of the commercially and recreationally important
species consist of estuarine dependent species as painted out by
MoHugh �976!. No marsh or no coastal habitat means no fish,
thus, most biologists estimate the value oi the marsh to be very
large. However, since most biological research results do nat
define Ouantitatively the relationship oi fishing output response
to marsh in terms of a physical production function that can be
tied to eoonomies using the concept of marginal productivity, it
is difficult to put values on marsh productivity.

Sufficient marsh may still remain to maintain adequate fish-
ing production. So, the real question may be the marginal values
of the marsh in fish production. In other words, how much would
fishermen pay to "nat lose" one acre of marsh or how much could
be paid to "gain" one acre. Lynne, et. al. �981! reviews most
attempts to determine the economic value of marsh estuarine
systems.

At least four approaches have been tried to value the marsh,
Depending on the method, the capitalized value per acre has
ranged fram 47 dollars to 482,940. It's easy to see the problem.
All these methods and values can be seen as summarized in Cato

 In Press!.

James C- Cata is Professor of Food and Resource Econamics,
University of Florida and Director of the Florida Sea Grant
College Program.



Has fisher y pr oduction really declined in coastal Northeast
Flarida and coastal Georgia2 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 �982!
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 perceived to be the primary reasons. Xt is interesting ta
note that residents perceived greater fish declines than did
tourists.

Increasing numbers of people wanting to use a declining
resource create the problem of politioal and/ar economic alloca-
tion. Fisher'ies can be used withaut 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 campete for the fish, no market exists to allocate them
and the political system must solve the problem. Not only is
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 allacation of resouroes shauld result in
a position where the last unit allocated ta each group brings
identical benefits. Just because one group has a larger economic
impact doesn't mean it should reoeive a larger allocation. For
example, in a highly developed recreational fisher y, a larger
total economic impact resulting from a reallocation might ocour
by taking incremental amounts of the fishery from the r eoreation-
al sector and giving it to the commercial sector. Recreational
fishermen should still participate  assuming the incremental
change is small! and the "new" fish in the commercial sector
cr cate value as they ar'e traded in the mar ke t. Each fishery and
combinatians of fisheries must be examined an their own merits.

Developing any kind of aquatic habitat policy is difficult
when the regian has a lar ge number' of oonflicting uses such as
those described abave and is already highly developed. Economic
trade-offs must certainly be considered. Development is much
more rational with an adequate policy in place to guide that
development. There are a number of ma!or policy issues that must
be f aoed.

The demand on resouroes must be considered. Should aquatic
habitat be used in any amount as suggested by demand2 How fax
must demand for one use be r econoiled with the demand for others
when they compete for the use af natural resources2 How far
should government stimulate the free use of the commanly used
aquatic ar eas2 Should policies be develaped to maximise the
economic return fr om these habitats2



maintainine environmental ~ualit is also a maJor policy
issue. Who sets the quality standards'7 Is the public pr epared
to pay the cost of quality maintenanceV Who should enforce
design criteria far environmental pratectionV Should cumulative
impacts of using our aquatic habitat be considered9

Ef festive ~lannin As a must. All amenoi as and mr oups vill
have to plan cooperatively to recognise both impacts of demand
for the resources and environmental quality. This includes 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 �983!. Research needs in fisheries were grouped into
those answering capital and financial questions and those with
management implications. Those regarding wetlands and coastal
resources were more general in nature. The interested reader is
referred to that document for more detail.

From 1960 to 1983, total population in seven Northeast
Florida and six coastal Georgia counties increased 53 percent
fram 952 thousand peaple to 1s456 million in 1983  Figure 1!.
Flarida population increased 62 percent while Georgia coastal
population increased 29 percent. Population in 1983 and percent
grawth by caunty 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
Population
 Thousands!

1960 - 1983 Growth
 Thousands!  Percent!

County

Georgia

345.6 78.2Total 29.2

Florida

1, 110. 6 426. 4 62. 3Total

1,456.2 504.6Grand Total 91. 5

Bryan
Camden

Chatham

Glynn
Liber ty
Nc?ntosh

Nassau

Duval

Clay
Putnam

St. Johns

Plager
Volusia

12.0

16.4
206.3

56. 1
45.8

9.0

36.3
587. 1

74.5
54.2
60.1
13 ~ 8

284. 6

5.8
6.4

18.o

14. 1
31 ~ 3

2.6

19.1
131.7

55. 0
22.0

30 ~ 1

9 ~ 2
159-3

93. 6
64.o

9.6
33.6

215. 9
4o.6

111.1

28.9
282. 1

68.3
100.3
200.0

127. 1
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Growth in the total number af boats and vessels in Northeast,

Flor ida has been 242 percent  fram 15,660 to 53,634! over the
past 21 year period  see Figure 2! ~ Recreational boats have
caused this growth �20 percent! while commercial vessels have
actually declined 21 percent �,556 to 2,795!. Change In regis-
tration laws �973 - 74! had some impact but the growth has still
been tremendous.

Historical data on Geargia baats and vessels ar'e not as
readily available. Georgia does not have an annual renewal of
boat registrations and an owner purchases a three year license.
Conseuquently, all license registratian figures are for those
licenses currently valid and would include licenses purohased up
to three years ago. The number of recreational boats registered
in 1983 in the six 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
wer e issued in Georiga In 1983. This included boats �47! and
vessels �99! and 214 non-resident licenses. A total of 93 of
these are probably included in Florida registratians. En addi-
tion 729 non-trawler licenses were sold in Geargia in 1983.

These data total 73,186 recreational baats 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 region an average of one boat is
registered for every 18 people or 7 households  Table 2!.

~So r t ~Fi s h i n

Data on sports fishing are not nearly as abundant as those
for commercial fishing. However, the earliest reparts highlight
the same commercial and apart conflict that exists today. Gregg
�902! reports that the fish in Florida had declined since the
advent of "the steamboat", the railway and last but nat least the
ice factory, which were followed by the "man with the net".
Gregg added that in same areas the "man with the net" had been
r estr ioted and fishing in those parts was still good today.
Sounds like today.

Gr egg �902! reported beginning trips to Flor ida in 1885,
spending most of his time at var ious angling resorts on both the
Eastern and Western coasts. His first stop was at St. Augustine
where he fished the Hantanxas and Sebastian Rivers many times.
Fishing "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 alang the coast by small steamers
or sailing craft. Parties bound for the East coast could go from
Jacksonville to New Smyrna by steamer or sailboat, then up ar
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Table 2. Recreational Boats in Coastal Northeast Florida and

Georgia and Persons and Households Per Boat for the Approximate
1983 Time Period.

Recreational

Boats

Registereda

Persons

Per
Boatb

State

and

County

Households

Per

Boat

5 ~ 322,347Total 15 ~ 2

Florida

50,839Total 19 ' 9 7. ~ 7

73,186 18. 4Grand Total 7.0

As of August., 1984 For' Georgia, 1983-84 for Florida

b Based on 1982 Population data from Sales Mar keting Management
Hagasine, 1983.

Chatham

Bryan
Liberty
NcIntosh

Glynn
Camden

Nassau

Duval

Putnam

St. Johns

Volusia

12,698
1> 335
1,445

963
4,343
1,563

2,174
26,066

4F990
2F759

14,850

16.2
8.5

31. 1
8.5

12.9
9.1

16 ' 9
22.2

10.9
20.6

19.0

5 ~ 9

2 ' 7

8.3
3.0
4.8

3.0

5.8
8.4

7.8
8.0
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down the inside or outside waters to their destinations on sail-

boatsy or could take a steamer up the St. Johns to Sanford, and a
stage or wagon to New Smyrna, and then a sailboat 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.

Specific locations mentioned by Gregg with some detail are
Mayport, Atlantic Beach, San Pablo, 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 rowboat. Channel Bass seemed to be
of interest. Atlantic Beach also produced Channel Bass and
spor tmen staying at a new hotel there in 1901 could take the
tr ain to Mayport at sever al different hours during the day, "fish
the tide" and return to the hotel for dinner. At San 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 is to provide yourself with a cheap cooking out-
fit, consisting of a wire gridiron, frying pan, coffee
pot, and oups and saucers, plates, knives and forks>
spoons, etc. Go to Cor bett's and buy some Oyster s, 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 Oysters in their
shells over a wood fire. Oysters cooked in this way
suit me better than in any other style, but, as I have
before said, "tastes differ". Try it once and see what
your !udgment is. Oyster roasts are quite a feature at
St. 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 Jaoksonville King Maokerel
fishing tournament generated an estimated $700 to $800 thousand
in economic activity from gust the participants alone as reported
in Milon et.al. �982!. Bell et.al. �982! provides characteris-
tics of the typioal 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
per iod.
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Table 3. -- Demographic Profile of Resident and Tourist Saltwater
Recreational Fisherman by the Northeast Florida State Planning
Region, 1980-81.

Chatacter istic Resident Tour ist

93.4$
6.6$

73.2$
26.8%

male

female

96.0$
3 ' 65

90. 0$
9-8$

Caucasian

Black

Median Age
Age 35.6 50.3

Median

Yrs. fished in Fla. 11.6 5.0

Mean Household income $18,950 g24,470

Source: Bell, et. al. 1982.

Pr ofessional

Management
Blue Collar

Retired/Semi-Retired

Other

ll.6$
29.5$
27.7$
10.7$
20 ' 55

10.3$
2>.4$
32.7$
23.5$
12.1$
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Table 4. --Estimated Percentage of Time Spent in Various Fishing
Mades by Resident and Tourist Saltwater Recreatianal Fishermen by
the Northeast Flarida State Planning Region, 1980-81.

Fishing Mode Resident Taurist

Boat Mades

80.4j
19. 6$

92.8$
7 ' 25

Days inside Fla. waters
Days outside Pla. waters

Pier, Jetty Bridge
Surf and Shor e

Charter Boat

Party Boat
Private

Charter

Par ty
Pr ivate

Brackish, Rivers A Narshes
Bay Sound 4 Along Coast
Deep Sea  beyond 3 mi!

25. 0$
24 ~ 1$

2 ~ og
1. 0$

47.9$

4.0$
2.0S

94. 0$

36. 9$
24.55
38.6$

40. 1$
30.2$

less than 1.0$
3.9$

25.3$

1. 6%

85.2$

14.8$
61.0$
24.1$
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The Seafood Indus tr

As pointed out by O'Conner �980!, every school child knows
Flax ida was discovered by Ponce Da Leon in 1513 and that the
f irst permanent European set tlament 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 Ln the trade were about 30 tons burden and about 30
feat in length.

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

Fishing is often called the first industry. Nox theast
Florida and Georgia lay claim to some of those firsts as pointed
out in Cato and Sweat �980!. A doctoral dissertation by Overbey
�982! contains a colorful history oi the early seafood industx'y
in the region. Many of the following sections are taken from
that dissertation. In St. Mary's residents used cast nets to
px'ocure shrimp for home consumption and for sale. One eldex ly
resident as quoted by Overbey �982! 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.
I made many a one by hand....Pour foot nets and we'd go
at night and catch these, what they called "prawn"
then. They called the shrimp "pxawn", the big shximps
"..1ifhen we was casting into them they'd !ust go
"shooooo," you know. Just like sand. And at night you
can sae the xaflection in the water. You could gust
see them shrimp, big shrimp....And we'd sell them
shrimp $.10 f' or a quart, or three quarts for a quaxter."

Commeroial shrimping activity is first recorded in 1880 in
Savannah, Georgia, and Fernandina, Florida. The shrimp vere
boiled and dx ied and then either sold in a local market or ship-
ped to northern max kets. Earll �887a! reports'

.".During the height of the season, twenty to twenty-
five men go to Saint Catherine and Osabaw Sounds, where
they camp for several weeks f' or 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, 42.50
being a fair average. During the summer of 1879 about
1,400 bushels, valued at 42,500, wer e landed""Of
those taken, part are sold locally, others go to the
interior cities, and the remainder are packed in crates
and sent tc the Norther'n markets.

In Fernandina, the shrimping was on a much smaller scale; how-
ever, the beginnings af cammercial export were evident. Again,
from Earll �887b!.

According to Capt. T.K. 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 smail cast-net on any pleasant
night. The catch, which is not less than 450 bushels,
is boiled and dried for shipment to New York, Phila-
delphia and Savannah.

Overbey �982! continues by quoting many sources, to des-
cribe the beginnings of commercial shrimping in Fernandina as
well as St. Marys as generally attributed to Sollecito Salvador.
A Sicilian immigrant, Salvador used seines to catch shrimp and
probably started as a buyer who processed the shrimp he caught as
well as the shrimp that athers caught to sell for export- One
St. Marys resident recalled Salvador's entry into St. Mary's to
buy shrimp from cammunity fishermen, an act with catalyzed the
development of commercial shrimping in St. Marys:

We.....,we'd catch them shrimp and there was a fella, I
don't know if he was a Portuguese ar Italian or what,
but his name was Salvador....[and another] Mitchell.
Mell, they'd buy these shr'imp by the bushel and they' d
boil 'em and dry them. Then they'd ship 'em in boxes
little boxes, all over the country. That was the first
of these shrimp....They caught 'em by seines and cast-
nets-.."They shipped them all over the country by
express. Bailed shrimp....They'd get orders all over
the country. They'd ship them a lot....And they get
r ich at it.

By 1902, Salvadar had instituted the pawer driven boat to
pull a haul seine in deeper waters for shrimp. In 1906, Salvador
faunded his own company in Fernandina. An elderly St. Marys
resident remembers these first shrimp boats in the area:

.."They took small boats and they didn't have but a
five-horse engine. [They wer e] what they call "yawl"
baats [with] an engine in it. A fella done that and
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made a little net and he went out there.."Right off of
Cumberland, he just loaded that boat with so many
shrimp. Plenty af shrimp. I.et 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 industry as it is
recognized today- Around 1912, two brather-in-law of Salvadar,
S. Versaggi and Anthony Poli, came to Fernandina fram Sicily ta
start their own shrimping operations. Between 1912 and 1915 the
fix'st otter trawl was designed by Capt. Billy Corkum and first
used by S. Ver saggi.

In 1922 Mr. Salvador eaved his firm to St. Augustine, which
was located nearer to r ich shrimp beds and wher e tr ansportation
facilities were more accessible than in Fernandina. Production
climbed rapidly until 1929, when the depression his the industry.
The law price of shrimp during the years 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 to 17,000,000 pounds.

By 1934, the catch was restored ta its former high level and
cantinued to increase until 1940. Around 1949, another decline
in productian was one reasan far the exploration of new grounds
which resulted in the development of Key West as the chief shrimp
port of Florida. John Salvador  the son af Sollecita! discovered
the Key West grounds in 1950 when, while examining a daylight
trawl at about dusk, he found many mox'e shrimp than nor mal in his
catch, prompting him to put the nets back overboar d. This second
trawl was filled with shrimp and "pink gold" had been discovered.
Some 300 boats quickly came to Key West, and the first full
season, 1950-1951, produced 15 millian pounds. Befor e the Key
West discoveries, Apalachicola was the main shrimp-producing
canter on the Florida Gulf Coast.

Hamilton's �951! prognasis was correct. At the time of his
writing, St. Augustine, the oldest paxt in the U.S., was still
the best equipped port af 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 por'ts of Key West
and Ft. Myers.

Fernandina, the bir thplace of Flor ida shrimping, declined in
importance because of overfishing and pollution. Another reason
was due to its isolated locatian and limited transportation
facilities.' Mayport had similar problems and supplied mainly the
lacal 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 shrimp
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canneries developed to handle the market of shrimp. Campbell's
Soup Company operated a canning factor y nearby and bought shrimp
fr om lacal fishermen ta put in soup. One r esident explained:

"Well, now, the Campbell Soup Company, they had a
canning factory on St. Simons Island. They bought
these small shrimp f' or soup, to put in soup. They' d
buy from here  St. Marys! and all around."

Canneries were developed in St. Marys to accommodate 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 operatian and cannery was
the St. Mary's Canning Company, owned by C.A. Taylor. In 1930,
Taylor awned 25 to 30 shrimp boats and emplayed 50 tc 60 men on
the boats. In the cannery, Taylor emplayed almost 100 black and
white men and women. The business was situated on the St. Marys
Rivers at the end af town. The canning process included heading
the shrimp and peeling the hull~ 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, Juvenile
shrimp developing to adult size in the protected and productive
waters of the estuary. One resident f'elt that the canneries
"destroyed the shrimp" because they canned only small shrimp,
thus depleting future populations.

Menhaden

The development af the menhaden fishery accompanied the
development of' a Savannah based fertilizer and chemical plant on
the Nar th River in St. Marys in 1917. The plant processed menha-
den far oil which was used for manufacture of soap. The scrap
was used ta make fertilizer. The plant was a maJor development
in St. Marys econamy, employing 300 people in the pr acessing
plant on the fishing vessels. Today, the only menhadden plant in
the region is lacated in Fernandina. Et is interesting to note
that the menhaden crews come to St. Marys from Nova Scatia and
Virginia. In 1928 alone, aver 30 million pounds of menhaden were
landed and processed in St. Marys.

The growth of commercial shrimping in Camden County prabably
pr.oduced competition for labor between it and the menhaden fish-
ery. The menhaden fishery which employed mastly blacks began to
lose fishermen to commercial shr imping as they began to be hir ed
as captains of shrimp boats. This along with the seasonal natur'e
of menhaden fishing and declining catches probably resulted in
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the closing of the Southern Fertilizer and Chemical Plant in St.
Mar ys in 1937. As Over bey �982! repor ts, one shr imper spoke of
the reasons for the decline of the menhaden fishery:

"lt vasn't bringing much [money3. And....the pogies
vere gone...It was something like far ming, 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."

Oyster s once were a very important component of Georgia
fisheries. Numerous histor ical sour ces report the ear ly 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 vere located in several locations on the
Georgia coast during the late 1800's according to Harris and
Quarteman> �978!. There are no known publications vhich docu-
ment the proportion of the early catch handled by the canneries
nor any records of distribution patterns. In 1902 it was report-
ed that thousands of bushels of Brunswick oysters were shipped to
interior markets each season and that two canneries paoked and
shipped 30,000 cases oi oysters annually.

Churchill �920! writes that in 1920 oyster beds were found
along the entire coastline of Georgia, especially the St.
Catherine, Sapelo, DoBoy, Altamaha, St. Simons, St. Andrews, and
Cumberland Sounds. there were 'l8 canneries in the state. Four
vere at Savannah and the rest vere scattered along the coat.
there were five wholesale dealers in raw oysters, besides several
retailers at Savannah, Brunsviok, and other points. There vere a
fev oysters canned at Fernandina.

The oyster industry has gradually declined in Georgia since
the early 1900's. Harris and Quarterman �978! note the pc oduc-
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 vere reported as high as eight million
pounds in 1908. The last cannery closed in 1960.

Harris and Quarteman �978! also suggest disease may have
been at least part of the cause ior the decline in the fishery.
However, r epor ts by Ingersall, �881!, Oemler, �984!, East
Georgia Planning Council, �937! and Harris and Quarteman, �978!
for the past 80 years have been warning of overfishing and a lack
oi cultivation. The 1937 report by the East Georgia Planning
Council specifically recommended a return of shells by oyster
shuckers to natural beds, planting of seed 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 limi.ted
demand which has been concluded to limit production such that all
beds are not harvested each year. Furthermox e, conscientious
replanting by shuokers has not been pursued for the most part
according to Cax'ley and Frisbie, �968!.

The tentative conclusion with respect t,c a lack of market
demand causing a decline in oyster production and mar ketings may
be applicable in the short run. However, longer run considera-
tions suggest other possibilities. Historical accounts of over-
fishing may suggest the Georgia oyster resource was fished down
tc such low levels that a significant quantity is not available
cn which to develop extended markets. Oyster markets are strong
in the surrounding states.

Wholesale Trade

Fiedler �928! report.ed on wholesale trade in fishery
products in Jacksonville, which was a maJor fisheries trade
center'. Zt was noted that Jacksonville's vaters supported no
extensive commercial fisheries and the wholesale fish dealers

were considered essentially as assemblers and distr ibutors,
rather than producer's. Characteristics of the industry during
1928 were:

1- The fisheries of 11 states and 1 Canadian province supply
Jacksonville with fr'esh and frozen fishery products.

2. During 1926, 502,000 pounds of fish were landed at
Jacksonvilley Bg965g000 pounds were received overland, of
which 5,724,000 pounds were reshipped, leaving 3>743,000
pounds consumed in Jacksonville.

3. Less-than-carload shipments from Florida producex's ax'e
assembled by wholesalers and forvax'ded in car-lot shipments.

4. Wholesale dealers in Jacksonville distribute fresh and

frozen fishery products to 25 states, the District of
Columbia, and 1 Canadian province.

5. The states of New York, Georgia, Florida, Pennsylvania, and
Missouri receive 60 percent of' the fish distribbuted from
Jacksonville.

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

7. Wholesale stores are located on the waterf'ront, on railroad
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 per'cent of the retail
tr ade.

10. Fish r'etailers show apathy toward making window displays af
fishery products'

11. Of the 24 retail stores handling fishery products every day
in the week, 12 cater ed to the black population, 4 to the
white population, and 8 to tr'ade of both races.

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

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

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

15. Barrels predominate as shipping containers.

16. Per capita consumption of fish in the round is 25 pounds and
af the edible por tion about 18 pounds ~

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

Current Trends

Shellfish constitute the primary source of value far
commercial fisheries in bath Georgia and Florida. For the three
year period oi 1980-82, average dockside values in Georgia were
almast 97 percent shellfish in Georgia and 71 percent shellfish
in Flar'ida  Table 5!. Average value of all landings was 418.9
million in Georgia and $13.7 million in Flarida for a combined
tatal of 432. 6 million in the region ~

In the region only one landing area ranks in the top 60
parts in the U.S. The Darien-Bellville, Georgia area ranked 55th
in pounds landed and 39th in value of landings in 1983. Far the
three year period 1960-62, average landings in Georgia and north-
east Florida declined from 69.6 million pounds ta 46.7 millian
pounds  Table 6!. Most of this decline was menhaden since re-
maval 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 regian are shown in Table 6. Commercial
fish and shellfish products are alsa harvested from the St. Johns
River in Florida. Average landings fram this area ior 1980-83
were 5.4 million pounds valued at 42.0 million  Table 7!.
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The general trends in landings a~ 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
trends are shown without cause/effect analysis, but rather to
illustrate landed commercial catches over the last decade.

As the population of the region continues to increase, 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 aur coastal
habitat will face the many development demands. competition
among water dependent users--ranging fram fishing to marinas to
urban development--necessitates the farmatian af 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 af our resources
are not corn pr omised.

The demands on our coastal habitats can be grouped into
financial and environmental concerns. Pressure for development
of coastal areas is great. Foremost in everyone's mind is the
preservation of certain areas af high environmental, integrity.
Beyond that, the competition for the remaining fixed amaunt af
habitat becomes one of financial competition. Thase halding
control over those resources desire to maximize the economic

return from using them. Many times this is not In the best
inter estf of minimizing the impact on the resources.

As the region began its early development, draining lowlands
and dredging and filling the coastlands 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 shauld
grant preemptive uses fairly and equitably, consider riparian
rights of upland owners, preserve certain estuarine areas, mini-
mize water degradation and hopefully, recagnize 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 Geargia,
and Nartheast Florida.
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Table 7. -- Average Catch Statistics and Yalues for the

St. Johns River, 1980-83.

Species Thousa nd

Dol l a rs

27.162.5

744.

Catfi sh 1,088.6

116.5Eels

7.697.5

3.1

2.62.2

2,000.0

Source: Florida Game and Fresh Water Fish Commission.

Ame r i ca n Shad

Blue crab

Gi zza rd Shad

Ti lapia

Tu rtl e   dressed!

Total

Shiners  dozen!

Grand Total

Thousand

Pound s

2,877.5

2,281.5

113.1

5,437.4

1,702.5

1,988.4

11.6



28

Table 8. -- General Trends in Landings of Fish and She' ll fish for
Northeast Fl orida and Georgia
the Periods of I960-63 and I980-83.

No rthea st

Fl ori da TotalGeo iaCate or

Black Mullet

F l ounde rs

StableGroupers and Scamp

Ki ng Macke rel

K i ng Whi t i ng

Menhaden

Increase

Red Drum

DecreaseShad

Stable

Stable

Spotted Sea Trout

Total Finfish

Total Finfish  without

menhaden!

Decrease

Increase

Decrease

Decrease

Decrease

Increase

Decrease

Decrease

Decrease

Increase

Decrease

Decrease

Blue Crabs

Rock Shrimp

Shrimp

Total Shellfish

DecreaseGrand Total

Grand Total   without

me nhade n!

Decrease

Decrease

Decrease

Decrease

Stable

Increase

Increase

Increase

Decrease

Decrease

Increase

Decrease

Increase

Decrease

Decrease

Stable

Increase

Increase

Increase

Stable

Decrease

Increase

Decrease

Increase

Decrease

Decrease
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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 coasta1 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/ar 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 cora-
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 rack ridge known as the Anastasia Formation which forms
the backbone of the Atlantic Ridge.

Surface f'resh water resources in northeast Flarida are

supplied by three drainage basins. These drainage basins act as
a link between the coastal zone and the interior; therefore,
careless management and use af' upland resaurces can af'feat
coastal resources. The St. Mary's-Nassau River Basin and the St.
Johns River Basin originate in inland areas, while the East Coast
Basin primarily drains land directly along the coast- Mith the
exception of the Tolomato River and Moultz ie Creek, the "rivers"
of the Bast Coast Basin are really coastal lagoons. These are
connected via artificial channels to establish continuity af' the
Intracoastal Mater way. Coastal dx ainage and lagoons are cannect-
ed to the acean by inlets, which oocuz at, 30-40 mile intervals in
the northeast Florida region as campared to about every 10 miles
in Georgia. The infrequency of inlets reflects basic physio-
graphic and hydrologic differences between the two states and
this has important management implicatians.

Most of the estuaries along the northeast Floz'ida coast are
characterized as being well-mixed since tidal flaw exerts, an the
average, a greater force than does fresh water inflow. This
generally results in homogenous vertical profiles of salinity>
dissolved oxygen, and temperature. The St. Johns Rivex is can-
sistenty tidal 170 km upstream fx om the mouth. Numeraus salt
springs that drain into the river result in locally elevated
salinities and appear to be partly responsible faz the presence
af' a number of oceanic fish �5 known species! in the uppex
region bounded by Ocala National Forest. The St. Johns River is
also unusual in that it discharges directly into the Atlantic
Ocean rather than into an embayment typical of' most estuaries.

Although the coastal lagaons of northeast Flar ida receive
fresh water mainly from surface runoffs, they exhibit estuarine
characteristics. The Tolomato River system is characterized by a
series of small. lagoons and wetland areas that are adJacent, ta
the man-made Zntracoastal Mater'way. Physical modifications re-
sulting from Materway improvements and a dam which seals off a
portion of the Guano River has altered the flushing characteris-
tics of this system. The Natanzas River system is similar ta the
Tolomato system, except that it lacks extensive man-made modifi-
cations and has less flushing. Freshwater inflow ta the Matanzas
River from several creeks, 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 to moderate water quality.
Mosquito Lagoon is unusual in that fresh water inflow and evapaz-
ation are approximately balanced, zesulting in relatively high
salinities. This caupled with its restr icted circulation results
in portions of the lagoan being hypersaline for much oi the year.

migrate affshare ta spawn remain within this "miniature ocean" ta
camplete their life cycles.



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
lagaans. Estuaries north of Port Orange generally are dominated
by salt marsh vegetation while thase to the south are character-
ized by mangroves. Thus, the Port Orange/Ponce Inlet area farms
an important vegetational transition zone, althaugh mast af the
mangraves in this area were killed in the l983 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$ af the 89 commercially landed species of finfish and
shellfish and 74$ of the 84 recreational species depend on them
at some stage of their life cycle.

Salt marshes in northeast Florida tend to be daminated by
smooth cordgras  ~gartina alternif lors! with black needle rush
 Juncus roemerianus! being found at slightly higher elevations,
often behind ~gartina. Zonation patterns are typical of South
Atlantic salt marshes, but somewhat distinct from those of'
Florida's Gulf' coast mar shes where Juncus is dominant. The
importance of salt marshes to the production af fisheries ze-
saurees results, to a great extent, from their high rate of
primary productivity which sets an upper limit to the flaw of
energy through the marsh-estuarine f'oad web. Ninety oz' mare
pez aent of the net primar y pz'oduction of' a salt marsh may for m
detritus, the export of which, known as outwelling, has long been
considered to be the most important contribution of the maz sh ta
estuaz'ine and coastal productivity. Salt marshes also pravide a
favarable environment for early life stages of many species and
this nursery function has been proposed as an alternative to
outwelling as the mast important function of salt marshes.

Nangroves, which are relatively intolerant of freezing tem-
pez atur as, form the tropical and sub-tropical equivalent, af salt

as far north as Ponce de Leon Inlet, while white mangroves

County. In northeast Flarida the incursions af freezing tempera-
turess rather than elevation or salinity seem to control mangrove
zonation. This results in the dominance of black mangroves
intertidally with the succulents glasswort  Salicornia ~s .! and
saltwoz t  Batis mar itima! occurring above mean high water. These
communities are characterized as high marshes and they receive
less tidal and fresh water flow energy subsidies than law
marshes. Low marsh and high marsh icthyofaunas are distinct, the
former being numerically dominated by Juvenile sciaenids, killies
fishes  Fundulus ~s .! mullets  M~u ii ~s .!. menhaden  Brevoortia
uh.l ' T
saurus!, dr um  ~po onias crom~La, spot  Leiostcmus aanthurus
tarpon  m~ealo s atlantlcus7, and ennea~~tantra onus undecimalis!
being associated with the latter. Twenty fish species, eight of'
sport and commercial value, have been recorded fram the upper
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mar sh. The fishery value of many of these areas has been dimin-
ished by the extensive masquito control impaundment isolation
which has taken place in the last twenty years.

Three important non-macrophyte dominated coastal habitats--
mud 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 cansequence of their lack af
macr'ophytes. However, the microalgae that are present can be
directly utilized by herbivor es 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

nartheast Florida. Oysters 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 stresses, particularly those resulting in degraded
water quality. The seemingly harsh and unstable environment of
the surf zone is an important habitat for Florida pompano
 Trachinotus carolinus!, whiting  Menticirrhus littoralis!,

~on 7,
~he actus!. Surf zones nay be the nost esn stiive r egions of the
coastal environment, but their dynamic nature makes detection of
man-made per tur'bations difficult. They ar e the first coastal
enviranment affected by offshore pallutian sources, such as oil
spills, as well as being impacted by the bulkheading of coastal
beaohes, which alters sand mavement patterns and usually results
in more acute erosional problems. Although only 10-15$ oi" 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 is held in public ownership.

Baseline and past-operational studies af power plant sites,
environmental impact studies, and 208 Federal Water Pollution
Contral studies have oontributed mast to the recerrt under standing
of the fish communities of northeast Florida. Early work was
primarily conducted in the St. Johns River, including its estua-
rine portions. These studies deter mined that the coastal fish
fauna af 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 species known to
occur in the St. Johns River are euryhaline ar mar ine.

Sciaenids are the mast cammercially and recreationall,y

most other soiaenids, require estuaries or shallow coastal waters
for spawning or develapment. Anchovies and her rings are impor-
tant as prey far many larger commercially and recreationally
important speoies. Menhaden are an important forage fish, and
the target species for the largest fishery by landings weight in
the U.S. In northeast Florida, mullet dominate the catch by
weight. Mullet spawn offshore, but when the young reach abaut
2.5 cm in length they seek aut 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; Juveniles inhabit sha11ow
sand and mud bottoms and grass flats in estuaries. American shad

t,his region. Shad spawn in rivers such as the St. Johns River in
late winter and early spring. Bluefish  Pomatomus saltatr ix!
represent a coastal pelagic species whose young utilize the
estuary as a feeding graund. Large schaals of yaung 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
~sa idun!, oysters and clams  Mercenar ia mer cenaria!. Brown and

ver y important to both northeast Florida and Georgia. Both share
a common dependence on the estuary as Juveniles; brown shrimp
pr'efer higher salinities than white shrimp as adults. Pink
shrimp  Penaeus duorarum! farm only a small part of the commer-
cial catch in northeast Florida, but are a maJar 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- Alang the
ncz theast coast of Florida, female blue crabs exhibit predomi-
nantly an offshore/anshare migration pattern that tends to keep
crabs from adJacent systems from mixing. Oysters are cammon
along salt marsh creeks, where they form large maunds 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 alsa require good water circulation, but clams are restricted
to ares of sand, sand-mud, or shell-rubble substrates and require
saiinities from 20-38 ppte Highly successfu'l sets in the past
few years have resulted in a virtual explosion of the clam popu-
lation in the Indian River area. This bonanza cz ap is presently
subJect to heavy exploitatian, czeating a number af volatile
issues and raising impartant management questions in this region.

A review of landings data for the region shows highest
productivity in Brevard and Volusia counties. Althaugh there is
no information on the number of fishermen oz the effort expended
in each county, the landings data may be interpreted as a measuz'e
of abundance of fish in each caunty. Greater landings occur in
counties with the largest expanses of estuary, reflecting the
high productivity of the estuarine environments in those coun-
ties. Bz'evard and Valusia counties include the Mosquito Lagoon/
Upper Indian River complex. Duval Caunty, which also contributes
a maJor partion of noz theast Florida landings, includes the St.
Johns River estuary. In cantz'ast, St. Johns and Flagler counties
have less estuarine acreage and probably less potential for fish
production.

Thematic Mapper  TM! data for an October 1984 pass of the
LANDSTAT satellite, analyzed using Florida Department of Natural
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Resources, Marine Resources Geobased Infor mation System  NRGIS!.
indicated that northeast Florida has 37,45 1 hectares wetlands, or
about 10$ of the state's total. Salt marshes compr.ise 92$ of the
r'egion's total. Three locations were analyzed in a historical
assessment af fisheries habitat alteration fram the 1940's and
1950's to the present. The Ponce de Leon Inlet area has had an
overall 20$ decline in wetlands since 1943. Marsh/mangrove habi-
tats have declined 19$ while 100$ �0 ha! of the seagrasses in
this area were last. The St. Augustine Inlet segment analysis
indicated a 20$ loss of marsh since 1952. Most of this loss was
assaciated 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 l943, primarily due ta dredge and fill activities.
Highest 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 constructian; bulkheading and
mosquito impoundments. Oceanfront development results in in-
creased star mwater runoff and may exacerbate beach erosion  as
evidenced by the severe erosion that occurred along the northeast
Florida coast during the fall ai 1984!. With less than 20$ of
the shareline in public ownership, relatively rapid development
of beachfrant property may be expected to cantinue. The most
acute impact in estuarine areas is the direct removal or burial
of parts ar all of a habitat. This impact is associated with
channel dredging and maintenance, dredge and fill operations,
causeway oonstruotion, and shell mining. Channelization repre-
sents the most widespread form of estuarine alteratian in north-
east Flor'ida. Causeway construction is also frequently cited as
a maJor disruptive impact in this region. Causeways have two
maJor impacts, the direct burial af habitat and the modification
of water circulatian. Whereas causeway constructian frequently
fallows population grawth, bulkheading and backfilling represent
the first steps in a chain of events which lead ta habitat
losses. Bulkheads promote erosion of the for eshore and eliminate
the transition zanes between intertidal and subtidal habitats.
The deep zone in front of bulkheads has an adverse effect on
fish. Mosquito impoundments, which are more prevalent in Volusia
and Brevard Counties, reduce availability of wetland habitats 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, populatian 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 incr easing point and nan-point
pollution saurces. Municipal discharges and package sewage
treatment plants represent the most significant point pollution
sources. Sewage chlorine and turbidity are major causative fac-
tors in reducing species diversity of fish cammunities in areas
adJacent, to outfalls; increased fecal colifor m levels result in
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closure of many shellfish harvesting areas. Other maj or point
pollution souz ces 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 species of estuarine
and marsh fish assemblages. Power plants are major contributors
to thermaL pollution; they can also entrain and impinge juvenile
and adult finfish and shellfish. Jacksonville Electric Authority
has studied fish zeturn systems  FRS! which minimize impingement
and/or entrainment impacts.

The major form of non-point source 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 fz'om 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 density development
patterns in this region, is the overflow or leaking of septic
tanks. This material is transported during rainfall events and
results in high turbidity and fecal coliform levels and lcw
dissolved oxygen concentrations in receiving water bodies.

Zn conclusion, some primary needs to be considered in terms
of major growth issues affecting the coastal northeast Florida
region, are the prevention of continued environmmental degrada-
tion through countless seemingly unrelated small impacts and an
increase in scientific and public awareness of the complex re-
quirements and dynamics of important fisheries species. The
region has currently lost a lower percentage cf 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
in a big decision being made in reaction to the accreted effects
of the small decisions. As a result, the important central
question  e.g., habitat pz eservation/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 region 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. Huntsman1 2

In this discussion we shall first describe the environment
and principal habitat types of the outer continental shelf of
northeastern Florida and Georgia> secondly describe the pr'incipal
groups of communities of' open ocean fishes, then briefly relate
the different groups of fishes tc continental shelf habitats and,
where pertinent, tc 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 parts. First we will discuss, in general, the hydrology of
the outer continental shelf. Second we will describe benthic
habitats.

The oceanography of the region's outer continental shelf is
both complex and variable, and its precise state at any particu-
lar time is presently unpredictable. For convenience we propose
that three principal water masses occupy 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 phenamena which ultimately affect fishery production.

The nearshore mass occurs from the shoreline to approximate-
ly the. 25m isobath. This mass is greatly affected by continental
weather and exhibits marked seasonal variation in properties,
especially temperature. Further', dr'ainage 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 autermost water mass is the Gulf Stream. While the

Stream is highly variable in position, it has extremely constant
pr'operties. The Gulf Stream commonly exhibits meanders that
migrate northeastward along the auter boundary of the continental
shelf and the main axis of the stream may consequently lie

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

2 Natianal Marine Fisheries Service, NOAA, Southeast Fisheries
Center, Beaufart Labaratory, Beaufort, North Carolina 28510.
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TABLE 1

SIMPLIFIED OCEANOGRAPHY

OF GEORGIA - NORTHEAST FLORIDA SHELF

WATER MASS PROPERTIESLOCATXON

NEARSHORE HIGHLY VARIABLE,
SEASONALLY COLD,
VARIABLE SALINITY !
CLARITY.

NEARLY CONSTANT

SHORELINE -25M

25-M ISOBATH

TO GULF STREAM

MIDSHELF MODERATED SEASONAL

VARIABXLXTYe

BASICALLY WARM! CLEAR
GREEN LATITUDINAL

EFFECTS AS IMPORTANT

AS SEASONAL ONES.

VERY CONSTANT,
UNIFORMLY 'WARM, CLEAR!
HIGHLY SALINE! LOW
NUTRIENTS AND PLANKTON

POPULATXON-

GULF STREAM HIGHLY VARIABLE!
MEANDERS

SPECIAL EVENTS:

UPWELLING - COMMON! ASSOCIATED WITH GUI F STREAM MEANDERS.
LONG AND SHORT TERM FISHERY EFFECTS-

COLD CORE RINGS - UNCOMMON, SHORT TERM UNIMPORTANT
FISHERY EFFECTS.
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anywher e from 30 to 70 Km offshore. Regar dless of position the
Gulf Stream is charactez ized by water that is clear, warm, highly
saline and generally law in nutrients  Mathews and Pushuk, 1977!.
Between the nearshore waters and the Gulf Stream lies the large
mid-shelf water mass which generally occupies the zone from the
30m to the 200m isobath. The mass is neither as constant as the

Gulf Stream nor as variable as the nearshore mass. The watez' is
generally warm �6-27 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 biota 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 nutr ients derived from conti-
nental and oceanic sources.

The inter'action 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 spartfishes and that the incursion of cold water over
reef areas temporarily disrupts fishing success for reef fishes.
Upwelling occurs all along the U.S. South Atlantic coast but
seems to be particularly prevalent aff St. Augustine and Daytona
 Atkinson and Targett, 1983!. A less common, but very interest-
ing interaction of the midshelf water mass and Gulf Stream occurs
when a westerly meander of the Gulf Stream closes, or pinches
off, in its eastern side, and foz'ms a circulating loop of warm
Gulf Stream water enclosing a core of coaler shelf watez. These
cold core rings are known to track westerly across the continen-
tal shelf, sometimes to the shareline, carrying the distinctive
Gulf Stream fauna and flora including sargasso weed, Portugese

upwelling, are relatively uncommon and their contribution to the
praperties of the midshelf water mass are unimportant. Moat
rings dissipate on the midshelf while a few reJoin the Gulf
Stream.

!n summary, most of the Gear gia-northeast Florida shelf is
overlaid by water that is, on the average, waz m the year around.
However> the canditions prevailing at any particular place and
time are extremely unpredictable because of the camplex and
dynamic interactions of the three water masses.

There are two principal types of the benthic habitats on the
outer Continental Shelf, unconsolidated sediments and reef areas
 Table II!.



TABLE II

MAJOR REEF TYPES

SPONGE-CORAL SITES

MIDSHELF-OUTCROPPIMGS
1-3 METERS OF RELIEF'

HOCK RIDGES

SHELF-EDGE

OCCUR MOSTLY SOUTH OF

CAPE CANAVERAL.
OCULZNA THICKETS

SANDY PLAIN

REEFS

BENTHIC COMMUNITIES

OF THE GEORGIA � NORTHEASTERN FLORIDA SHELF

APPROXIMATELY 70$ OF SHELF

30$ OF SHELF

LOW RELIEF

MOSTLY BETWEEN 25 AND 75
ISOBATHS ~
DENSE SESSILE MACROBENTHOS

BETWEEN 75 M and 150 M
ISOBATHS.

STEEP CLIFFS AND LEDGES'



Immediately 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 Oculina 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 Georgia-northeast Florida shelf can be reason-
ably well assigned to five groups  Table III!-

1

2 ~

3 ~
4 ~
5-

Nearshore and estuarine benthic species.
Open shelf sandy-plain dwellers.
Reef fishes.

Coastal pelagics.
Open-ocean pelagics.

We shall principally discuss the last three groups  Table
IV!. The nearshore species, primarily sciaenids and flat, fishes,
are excluded from our assignment, and the sandy plain dwellers,
mostly triglids and synodontids rarely occur in sufficient con-
centrations to be of interest to man for food or sport  Wenner,
1983!.

Oceanic pelagics include the billfishes, blue marlin,

~ht urus and several sharks. Coastal pelagics include such
species as king, Spanish and cero mackerels Scomberamorus
'cavalla, S. aacul tau sand 8. ~re alls, hluetish Poaatouus

silat teratus, and aenhaden hrevoortta ~s

The reef fishes are an extremely large and oomplex group
including more than 300 species. Prominent to man's usage are

Reef fish species can be assigned to several communities related
to depth and latitude, and ultimately to water temperature

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 occur in
several types. Approximately 22$ of the shelf is occupied by low
relief   lm! rock outcroppings and flat shelving rock which are
overgrown macrobenthos. About 7$ of the shelf area is high
relief  !lm! rock ridges and ledges overgrown with macr obenthos
 Parker' et al., 1983!. At and slightly beyond the shelf edge
 approximately between the 100 and 1000m isobaths! rock outcrop-
pings 'of high relief are common. Sessile macrobenthos are present
at these depths but in general are less richly developed than in
shallower areas  Parker and Hoss. in press!.
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TABLE III

MAJOR FISH COMMUNITIKS

OF

GEORGIA - NORTHEAST FLORIDA SHELF

COMMUNITY HABXTATS MAJOR COMPONENTS

SKA ROBINS AND

LIZARDFISHES

NEARSHORE TO

MIDSHELF

COASTAL PELAGICS

REEF FISHES

OCEANIC PKLAGICS

NEARSHORE-ESTUARINE

SANDY PLAIN BENTHIC

ESTUARIES, SURF
ZONK NEAR SHELF

TO 25M

SANDY PLAIN OF

MIDSHELF
25 - lOOM

HARD BOTTOM AND

SPONGE-CORAL AREAS

MID AND OUTER
SHELF

GULF STREAM AND

OUTER SHELF

MATER COLUMN

SCIAENIDS-FLATFISHES

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, MAHOO, DOLPHIN
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TABLE IV

COMMUNITY RELATIONSHIPS

WEAK - IND!RECT TRANSFER FROM

ESTUARIES OF SOME ENERGY AND
NUTRIENTS THROUGH FOOD CHAIN AND

WATER CURRENTS' NEARSHORE DEVEL-
OPMENT WOULD HAVE LITTLE IMPACT.

OCEAN PELAGICS

REEF FISHES MODERATELY WEAK - INDIRECT TRANSFER
PROM ESTUARIES OF SOME ENERGY AND
NUTRIENTS THROUGH FOOD CHAIN AND

WATER CURRENTS. A FEW SPECIES MAY
USE ESTUARIES AS NURSERY AREA"-.
GAGy GREY SNAPPERS RED GROUPER.
NEARSHORE DEVELOPMENT MIGHT IMPACT
THESES

STRONG - FEEDING OF BOTH ADULTS AND
JUVENILES IN ESTUARIES IS COMMON.
SOME~ LIKE MENHADEN, USE ESTUARIES
AS NURSERY AREA. NEARSHORE DEVEL-
OPMENT CAN HAVE MAJOR IMPACTS.

COASTAL PELAGICS

REf ATIONSHIP OF

FISH COMMUNITY TO NEARSHORE AND WETLANDS
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 Grimes et al., 1982, Chester et al., 1984, Niller and Richar ds
1980! ~ Headboat catches suggest an important faunal shift occurs
in northeastern Florida. South of Jacksonville black sea bass

about St .Augustine the grey snapper ~Lut anus gr iseus is at its
no r t h e r n limit of a b un d anc e . Red g r o u p e r a r e common a t Da y t o na
an d o c c a s i o na 1 1 y no r t h o f th e r e , w h i l e t r u l y t r o p i c a l species l i ke

catch fr o m S t . Au gu s t i ne southward .

r e s ou r oe o f Ge o r g i a an d n o r t he a s t P l o r i d a t ha t do e s no t f i t
precisely into any of o ur c a t e go r i e s . T i l e fi s h l i v e i n bu r rows
i n ro ugh rocky t e r r a i n at the ou t e r limits o f the continental
sh e 1 f   a p pr o xe 2 0 Om !, and o c c ur in r e l a t i v e 1 y cold w a t e r   a bo u t
1 3 C ! . The d i s t r' i bu t i o n of t i l e f i sh overlaps the seaward range of

n iv ea t u s ! . T i 1 e f i s h have 1 i f e h i s t o r y ch a r a o t e r i s t i o s like t h o s e
of m an y re e f fish , and are included w i t h t h e m for management
p u r pos e s   S o u t h A t 1 an t i c F i s h e ry H an a ge m e n t C oun c i l , 'i 9 8 3 ! .

I I I . F I S H - H AB l T A T R ELAT I ONS H IP S

Ha b i t a t us a g e an d dependency o f bo t h the pelagic an d reef
grou p s a re relatively easy t o define . A l 1 1 i fe stages of o c e a n i c
pe 1 agi c species are foun d almost exclusively i n the warm w a t e r s
o f the G u l i Stream and o u t er shelf. Eggs and larvae a r e pe la g i c ,
a pp a r en t l y d r i ft i ng freely w 1 th ocean c ur r e n t s , and the adults
fe e d and spawn without requirement, f or association w i th ne a r s ho r e
or e s tua r i ne conditions . M e can hypothesize only indirect l i nk s
between production of oceanic pe 1 a g i c s p e c i e s ' and estuaries and
w e t 1 and s . Th e r e i s 1 i t t 1 e doubt t ha t at least s o m e en e rgy i s
transferred from the shore zone t o oceanic p e 1 a g i c fishes through
i n t e r c o n ne c t ing fo o d chains . Similar 1 y s o m e n u t r i e n t s m us t pa s s
t o the outer she 1 f fr o m r i ve r mouths, as o f f the Savannah R i ve r .
The i m po r' t an o e o f these o on t r i bu t i o n s i s un kn o w n bu t c i r c u m s t an-
t i a 1 evidence suggests that the short run effects m a y be small .
Indeed some o f the most i m po r t an t f i s he r i e s for oceanic pelagic
species occur w h e re continental contributions t o fisher y p r o d u c-
t i o n are s m a l l bu t w he r e oceanic f ea t u r e s suc h as u p w e 1 l i n g are
im po r t a n t .

P r o d u c t i on o f m o s t r e e f s pe c i e s seems similarly i nd e pe nd e n t
o f near shore ha b i t a t s . Aga in e g gs a n d larvae of m o s t important
s po r t an d commercial s pe o i a s are pe l a gi c an d develop totally i n
the o pe n ocean . By and 1 a r ge , fe e d i ng an d reproduction of ad u 1 t s
t ak e s place o n reefs without migration t o the s ho r e zone . For
t he bulk o f r e e f species i t a ga in a p p e a r s that the only c o n n e c-
t i on w i t h n e a r s h o r e ha b i t a t s i s t he i nd i r e c t transfer of
nu t r i e n t s anl e n e rgy t h r o u gh food chains a nd water c i r c u l a t 1 on .
Good o i r o u m s t an t i a l evidence for the independence o f r e e f pr o d u c-
t i o n i s the e x i s t en c e of t h r i v ing r e e f c o m m u n i t i e s on oceanic
b a n k s f a r from land m a s s e s . On the other hand s o m e r' e e f p r o d u c-
t 1 o n g unlike that, o f oceanic p e lag i c s , can be tied t o the benthic
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production of a certain locality. Grass flats adJacent to reefs
pravide gr'axing for reef dwelling herbivores and carnivoras in
south Florida and elsewhere in the tropics. North of Cape
Canaveral algal flats adjacent to reefs on the mid- and outer
shelf may functian like grass flats in supporting nominal reef
production.

Finally a few reef species af the south Atlantic region may
be dependent on estuar'ine areas to complete their' life cycle.

gag grouper ara found in estuaries dur ing 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 af young fish in the open ocean is
difficult and uncertain> and Juveniles may occur there. Alsa
juveniles of other reef species which are apparently not
estuarine dependent also occasionally appear in estuaries. Thus,
the appearance of Juvenile gag grouper in estuaries might only
refleot the great abundance and fecundity of the species and not
a life history pattern. The exodus of Juvenile gags from South
Atlantic estuaries at the onset af cold weather may result in the
productian of the entire nas year class of this large, valuable
species or it may only result in the consignment of a group of
misplaced Juveniles ta wandering and death in the cold sinter
water af the inner shelf. Among other reef species common in
estuaries are Juvenile black sea bass, a temperate reef fish
impartant ofi Geargia and Iarth Florida. The impartance of these
young fish is unknown. Yaung grey snapper ara also moderately
abundant in estuaries as far north as Pamlico Sound. The

estuax ine phase of the life histary of this species may be

species 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 devalapment is unlikely to have an imme-
diate impaot on reef fishes, these species axe susceptible to
mismanagement of their habitat. Ocean pollution and disruption
of reefs through petroleum development have generated some can-
cer'n, but these have not yet affected offshore reefs of Georgia
and northeast Florida. Current regulations may prevent negative
impacts.

The most immediate patential threat to live-bottom reefs is
posed by roller trawls. The few semi-quantitative studies of the
effects of railer trawls on sponge-coral habitats suggest that
trawling can seriously disrupt the macrobenthos. Many believe
that his disruption sill heal slowly and that it will eventually
result in reduced fishery yields. It is clear that the Oculina
reefs could be devastated by trawling, but trawling in the known
Oculina r aef sana is pr oscribed by the coral management plan.
The research necessary to answer questions about trawling effects
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is expensive, and no quantitative research on the problem is
currently funded.

Ne have left consideration of the coastal pelagic species
tilL last because this group, of all discussed, is 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 af baitfish in and at the mouths of
estuaries, around midshelf reefs and in the Gulf Stream. Little

Spanish mackereL and espeoially bluefish are even more
tightly bound to the shoreline and commonly occur and feed in
estuaries  Kendall and Nalfard, 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 cammunity At3,antic
menhaden and mullet  M~u il sp.! are the most valuable to man and
are bath tightly connected to estuaries and wetlands. Menhaden
can possibly directly digest marsh-generated detritus  Lewis and
Peters, 1985! and thus have the most direct link possible to
caastal wetlands. Mater quality in estuaries and production of
coastal marshes figures largely in the maintenance sf the menha-
den and mullet resouroes. Because coastal pelagic species are so
often found near the coast they are readily available to both
commercial and recreational fishermen and their value is immense.

Tet the same characteristics that make these species valuable to
man make them easily vulnerable ta his mismanagement of the
coasta3. environment.

IV ~ ENV IRONNENTAL REQUIREMENTS

How that we have shown the relationships of communities of
fishes to their habitats, the next step could be ta show the
ecological factors that dr ive a single fish to a particular
por tian of his habitat. In order to sense its environment a fish
must be sensitive to components of its environment. Table V
gives some af these sensitivities. No single fish has been
depicted here. The table has been assembled fr'om 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 dan-
ger ta the fish nor to people who might eat the fish, but since
fish do have the capability to sense chemicals at extremely law
concentratians, they may also utilise this information for sur-
vival in their complex environment. A fine temper'ature sense and
possib3.y even the ability to determine small magentic fields, 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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TABLE V

SENSITIVITY REFERENCE

pH

TEHPERATURE

PRESSURE

SALINITY

POLLUTANTS

NOISE

LIGHT

ENV IRONNENTAL

VARIABLE

ELECTRIC FIELDS

NAGNETIC PIELDS

PISH SENSORY SYSTEMS

0.04-0.10 UNITS

0.05oc

0.5-1.0 cH H20

0. 06$

PPTRILL. �0 12!

16-7,000 HERTZ
50DB

A FIR PHOTONS

1eV/cN.  SHARKS A SKATES!

1-100 NANO TESLA  GAHCA!

 YELL NPIN TUNk!

BULL  't940!

BULL   1936!

DYKGRAAP �942!

BULL �938!

HASLER �954!

BULL �957!
POPPER   1970!

LYTHGOE �978!

SCQtASSHANN �978!

WALKER, ET.AL. �982!



that fish from a given area. Since pH, salinity and oxygen
concentr atian probably are not ma!or factors in determining the
behavior of an oceanic fish, one must consider food a ma!or
attractant for fish under narmal circumstances. If such is the
case, a study of predator prey relationships should produce
quantitative results answering a number of questions. Do fish
hunt in a random fashion and then zero in on their prey using
their sensors? What pr ey species are preferr ed? Mill pr edators
brave hostile environments to find prey7 What is the cor relation
between predator and prey stocks? Me can give partial answers to
some of these questions now. Gut analysis gives us information
about species preferred  Tables VII and VIII!. Oceanic pc edators
seldom venture into low salinity  estuaries! in search of prey.
They generally wait 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 stocks7

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

Oviatt �977! collected menhaden, bluefish and striped bass
landings data aver a period of thirty years  Figure 1!. Even at
very law levels of menhaden, bluefish and striped bass had suf-
ficient food to only only maintain their population but ta
increase it somewhat. Although a positive correlation between
prey and predator is intuitively expected, present information
daes not permit such a conclusion. Perhaps more detailed stock
data  temporal and spatial! are needed, Perhaps other factors
cambine to 'limit stock sizes. Temperature and salinity data have
been used  Bar nett and Gillespie, 1973, 1975; Barrett and Ralph,
1976! to predict shrimp catch, but meager data are available about
aceanic species. Fable and co-workers �981! studies the rela-
tianship between a king mackerel catch and the average tempera-
ture of the preceding winters. This study revealed a positive
correlation between catch and the temperature of the preceding
winter.

Utilizing a tops down systems approach tc connect primary
and secondary production, Peters and Schaaf have shown that the
fishery yield af fish from New York to Georgia requires 66$ of
the primary production af that area, which includes algae, vascu-
lar plants and submerged seagrasses. They concluded that algal
productian is insufficient to support this yield and must be
augmented by vascular plants. Such is the case with menhaden wha
are known ta ingest detritus directly and thus, since they are a
ma!or food source for coastal and oceanic pelagics, shorten the
link between offshare fisheries and inshore habitats.

Anather approach is relating fish to habitat is to develop a
matrix of environmental requirements as shown in Tables VII and
VIII '
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TABLE VI

ATLANTIC SPECIES

COMMERCIAL LANDINGS - IN THOUSANDS OF POUNDS

NORTH CAROLINA, SOUTH CAROLINA, GEORGIA, FLORIDA

SHRIMP KING MACKERAL SPANISH MACKERELYEAR MENHADEN

5,989»8,2851983 26,615 4, 132

1982

1981

1980 32,996» 5,76321,257» 3i799

5,036 3,824 4,9011979 32r295

»79-83 MAXIMUM

10, 358

15,456

25,580

16,514

6,045»

5�39

3i950

4,227
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Envir onmental 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
gapa in our knawledge of environmental parameters. Furthermore,
most of the information that we have has been gathered by obser-
vation of these coastal pelagics in their natural environments.
Little data are at hand derived from experimental laboratory
studies. Me are beginning to understand the foad and feeding
requirements of these fish but environmental variables such as
temperature, salinity, arganics and metals need to be determined

experimentally.

Table VII, a similar matrix for the king mackerel, demon-
stratess an even greater paucity of information.

In this review we have attempted to show the relationship of
offshore fisheries to their variaus habitats. In particular, the
strong link between coastal pelagics and wetland primary produc-
tion. Furthermore, we have attempted to show that a system
approach in which the requirements of the fish are utilized as
the starting point, complements those studies 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 infor ma-
tion to decisianmakers and act as a framework far condensation of

literature. Me are currently inundated with "grey" as well as
"white" literature. The decisionmaker who must act in a short

periad af time, such as those of ue who respond to permit re-
quests, have insufficient time to analyze all of the available
data. The matrix could also serve as a focus far describing
research needs.

Xn view of the lack of precise ar 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 prior to star ting elaborate and expensive field
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 fastest growing in the
natian with some 75$ of the state's population residing on or
near the coast. If current trends continue, and every indication
is that they will, by the year 2000 there will be a permanent
caastal papulation of some 10 million people combined with a
temparar y and/or tourist population of three to four times as
many. This tremendous growth in coastal regions has and will
cantinue tc put tremendous pressure on coastal resources. These
pressures dir ectly and indirectly have had and could cantinue to
have tremendaus impacts on coastal and interior wetlands.

Impacts on these wetlands can occur 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 pravide flood protection or dry
land for development or agriculture;

3. Interference with the natural flooding cycle of wetlands
associated with flood control, water storage, or
mosquito control;

4. Dredging or filling of isolated wetlands to pravide
lakes for development or more accessible land far agr i-
culture or timber; and

5. Siltatian and/or pollution of wetlands from nan-paint
sources such as stormwater runoff or fertilizers and

pesticides.

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

Recent research by the DNR Marine Laboratory in St. Peters-
burgg has faund that Charlotte Harbor, a relatively undisturbed
area has, between 1945 and 1982, lost 29$ of its seagr ass and 51$
of its salt marsh while gaining 10$ in mangr oves. The gain in
mangroves appears ta be partially due to colonization of mud
flats and active management to discourage mangrove destruction.
l'n cantrast, Tampa Bay, a heavily developed area, has suffered a

Department of Enviranmental Regulation, Office of Coastal
Management



much larger decline. On the east coast fr om 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 36'5
decline during the same period. Mhile these losses seem to be
correlated with declining commercial and recreational fisheries,
the relationship between decreased fish stocks and habitat loss
is imperfectly understood. This is due in part to paar informa-
tian on catches resulting from incomplete data collection tech-
niques and in part to a general lack of information on habitat
cax eying capacity.

Florida has a number of growth and land management and
regulator'y pr ogr ams which deal with wetlands and ad Jacent lands
either directly or indirectly. These include:

1. DER permitting pr'ograms 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
contr ol;

4. Various regional progx'ams conducted by Mater Management
Distr icts, Regional Planning Cauncils and Mosquito
Impound Districts.

The Department of Environmental Regulation  DER! is the
state's primary regulatory agency. The DER's permitting authori-
ties with the most direct impact an fishery habitat are contained
in Chapters 253 and 403, F.S. These statutues deal, respective-
ly, with dx'edge and fill and water' pollution. Until the recent
enactment oi the Warren S. Henderson Wetlands Pratection Act, of
1984, regulatory programs governed by these two statutes were
poorly coordinated due to conflicting boundaries of Jurisdiction
and regulatory authority based on the distinction between saver-
eignty submerged lands, also called navigable waters, and waters
of the state. Navigable waters were those available for commerce
in their natural oonditian at the time Florida entered the unian
while waters of the state encompassed all other water bodies
subJect to certain exclusions such as axeas owned entirely by one
person and "lakes" which lack standing water and are dry each
year. These distinctions led ta numerous disputes over Jurisdic-
tion and limitations on regulatory authority since the twa chap-
ters provide differing periarmance standards. The Wetlands
Px otection Act dropped the distinction between navigable waters
and waters of the state fox' the purposes of Chapters 253 and 403
and substituted waters of the state as defined in the statutes
and supported by a detailed vegetation list and/or the presence
of hydric soils combined with the 10 year flood line. In ar'eas
where waterbodies are temporarily dry, the DER's Jurisdiction
extends to the mean or ordinar y high water line even if it is
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landward of the vegetation line. lt should be noted that these
changes did nat significantly impact on the linkage between DER's
regulatory responsibility and DNR's land management responsibili-
ties except to establish a time limitation on DNR's processing of
a lease application. The DNR still holds title to sovereignty
submerged lands and must grant permission to use Chose lands
through a lease or sale before any activity may be conducted on
the property. In addition, DER is still responsible for issuing
permits to dr'edge or fill certain sovereignty lands which are no
longer owned by the state but which have not been converted into
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 cansidered to deter mine the impact
of permit issuance on the public 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 erosian or shoaling; impacts on commercial and recreatio-
nal fisheries; the duration af the proJect and its impacts; and
impacts on archaeological and historic resources. The Act has
also made it easier for DER ta consider the cumulative impact of
numerous small projects by allawing the agency to consider the
impacts af past and future projects in the same area.

Finally the Act allows the DER to develop more stringent
watex' 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 responsible fox two other progr ams that are of
interest to the effective regulation and management of fishery
habitat. These are the permitting af long term maintenance
dx'edging projects as authorized under Chapter 403, F.S., and the
Coastal Nanagement 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 ta 25 years. In addition it established
a funding source within the Department af Natural Resources to
pravide up to 50$ of the cost of purchase of spoil disposal
sites. This has provided an opportunity to implement more effec-
tive long term management strategies to deal with ongoing activi-
ties that have a signifioant impact an estuarine resources. The
long term nature af the permits has allawed the development of
more sophisticated permitting and monitoring standards than can
be applied to the normal short term project. In addition, it is
encouraging the ports to take a long range look at their require-
ments and potential environmental impacts. An indirect benefit
of the project has been the refinement af analysis techniques to
be used in evaluating water and mare importantly sediment quality
in estuarine areas. The DER, Office of Coastal Management, is
currently investigating extending this cancept to long term main-
tenance dredging associated with the Intracoastal Waterway.
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The DER was charged by the 1978 legislature with developing
a coastal management program under the terms of the Federal
Caastal Zone Nanagement Act. The legislature specified that this
program had to work within existing authorities. The program was
developed and received federal appr aval ln September of 1981.
The program ls 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 camponents of the
program that are of immediate interest tc the management of
fishery habitat are the grants program and the Interagency Man-
agement Committee. In brief, the grants program ls based on
allocating federal coastal management funds to a variety of
caastal research proJects including fishery habitat loss and
carrying capacity, wetlands protection at the local level,
improvements in mosquita impound management stategies, develop-
ment of aquatic preserve management plans, etc. The Interagency
Management Committee  IMC! was created ln 1980 by resolution of
the Governar and Cabinet. This group consists of the heads of 10
state agencies such as DER, DNR, DCA, HRS, OPB, GFWFC, etc.
having significant management of policy responslblities related
to coastal resources. The IMC is responsible for resolving
interagency conflicts as they relate to coastal resources, inter-
preting coastal policy directives such as the Governor' s
Executive Order on barrier islands, and developing legislative
initiatives such as the Save Our Coasts legislation. The INC is
staffed by the DER/'Offi.ce of Coastal Management supported by the
Interagency Advisory Committee  IAC! consisting of staff from the
respective agencies,

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

A DRI ls defined as "any development which, because of its
character, magnitude, or location, would have a substantial
effect upon the health, safety, or welfare of citizens of more
than ane county; s. 380.06�!, F.S.> While many af these
developments are defined in DCA administrative rules, develop-
ments may be included ln the DRl pr ocess if they meet this statu-
tory definition. The DRI pracess is pr imarily implemented at the
caunty and Regional Planning Council  RPC! level and will be
discussed later. However, lt is important to note that the act
lmpowers various levels af government, including DCA, to seek
inJunctians ta secure camplianoe with the act and DRI decisians.
This includes determination that a develapment must complete the
DRI process, the terms of a DRI decision, implementation of
conditions af that decision and review af pr oJects which have
deviated from approved plans, While this process does provide an
oppartunlty to ensure that adjacent land uses are compatible with
wetlands, lt must be noted that relatively few developments enter
the DRI process. Discussions of refinements to the process by
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the ELM's IE committee indicate that rarely are as many as 10$ of
the projects in any given area subject to review faz a variety of
reasons.

The ACSC pz ogram provides a more diz ect oppoz tunity for the
state to influence local events. Geagraphic areas may be desig-
nated ACSC's based on an evaluation cf impacts on environmental
and natuzal resaurces of regianal or statewide importance,
archaeological or historical resouz ces, oz public facilities.
Three areas have been designated ACSC's for reasons which in-
clude a concern with the management of wetlands and fishery
habitat. These areas are Nonzoe County  Florida Keys!, Big
Cypzess, 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
associated with creation of the Big Cypress Natianal Preserve
designed ta protect a major portion of the upstzeam drainage
basin for the Everglades. The Gz'een Swamp designation was
designed to protect a major zechazge area for the Florida
Aquifer.

Since this process zesults in moz e direct state control than
the DRI process, designatian is much more formal. Upon deter-
mination by DCA that an area should be cansidered for ACSC
designation the Governor must appaint a Resouzoe Planning and
Nanagement Committee  RPNC!. This committee contains members of
appropriate state agencies and all affected lacal and regional
governments. This committee is charged with developing a program
to cozrect the problems that led to the proposed designation.
Should this voluntary plan be adopted by apprapriate levels of
government the process is braught to a halt at this point except
for later reviews to assure implementation. This voluntary ef-
fort has been successful in the Charlotte Harbor and Suwannee

Rivez areas. Should the voluntary effozt fail then DCA may
zecommend 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
include boundaries, the RPNC report, reasons for designation,
pz inciples for guiding development and an identification of
public lands within the az ea. The affected governments must then
adapt and enforce regulations which comply with the principles
for guiding development ar DCA acting through the Administratian
Commission will write the regulations. The DCA may then seek an
injunction to secure compliance. An area may be z emoved fzom
designation upon determinatian that appropriate governmental
bodies are in compliance with the principles for guiding
development.

The Department of Natural Resources is the state's primary
land management agency- The department is charged with manage-
ment, purchase and disposal of state lands under Chaptez 253,
F-S.; management of selected state lands under the Aquatic
Pz eserve pz ogram under Chapter 258, F.S.; and regulation of
coastal construction under Chapter 161, F.S.
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The Govex'nor and Cabinet sitting as the Trustees of the
Internal Improvement Trust Fund hold ownex'ship and management
responsibility over public lands including many wetlands areas
such as overflowed lands, sovereignty tidal lands, and waters of
the state within 3 miles of the Atlantic coast and 10.35 miles of
the Gulf caast. Proposals to sell ar' lease public land for
private uae must be evaluated to determine how the public in-
terest is impacted. This includes evaluating impacts on wetlands
and their productive capacity. In contrast to years past when
the state disposed of millions of acres of wetlands to pay state
bills or encourage variaus types of development, leasing of
wetlands areas is severly restricted and is conducted in a public
forum whex e all views are heard. The Trustees also conduct two
majar land buying program~ Conaervatian end Recreation Lands and
Save Our Caasta; designed at least in part to purchase critical
wetlands habitat areas.

Under Chapter 258, F.S.> the DNR maintains some 36 aquatic
preser vea designed to provide additional management and protec-
tion for critical fresh and salt water habitat. State lands and
private proper'ty, at the owners request, are selected far inclu-
sion on the basis of their values as natural habitat with the
goal being ta maintain them in their natural or existing candi-
tions or to restore them. Designation as an Aquatic Presexve is
made by the Trustees subject to approval by the legislature.
Once an area is designated additional protection is afforded byx
1! DER designation of the area as an Outstanding Flarida Mater;
2! a requirement that sale ox lease of lands in the area must be
in the public interest instead of merely nat cantrary ta the
public interest; and 3! further restrictions on dredge and fill
and water discharge activities. To date DNR haa developed and
adopted specific management plans for preserves in Charlotte
Harbor and Estera Bay and plans are being developed for several
other preserves including four in the Indian River.

Nhile not as directly impacting on wetlands and fishery
habitat as other programs, the Coastal Construction Cantrol Line
and other programs under Chapter 161, F.S., administered by DNR
under the direction of the Governor and Cabinet, indirectly
provide some resource protection by regulating coastal
structur'es. 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 naurishment programs.
Obviously regulation of activities impacting on send transport
patterns and coastal erosion can impact on coastal wetlands
areas.

Regianal Planning Councils  RPC's! provide the main planning
link between several adjacent counties and, in turn, the DCA. As
such, the RPC's are responsible for reviewing all DRI applica-
tians from their areas. Generally speaking this is the single
moat important review since an RPC is most familiar with regional
issues of concern. State input through DCA ia usually directed
toward controversial development and occasionally to broader
statewide concerns. The affected RPC coordinates review af a
project with the appropriate local and state agencies and pre-
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pares an evalutian of a development with respect to its impact on
the environment and natu' al resources; economy; waste disposal
systems; transpartatian facilities; access to emplayment facili-
ties; etc. The final decision to grant or deny approval resides
with the directly affected local government which must consider
the extent to which the development complies with the state land
development plan, local land development regulations and the
report and recommendations cf the RPC. Typically, approval
includes a number of conditions or moditications af the original
development plan designed to improve the development as related
to issues noted above.

Water Management Districts  WMD! were created under Chapter
373, F.S., to regulate the withdrawl, diversion, storage, and
consumption of' water on a regional bais. These activities are
conducted under the general oversight of DER and the Governor and
Cabinet, sitting as the Land and Mater Adjudicatory Commission.
In additian to regulatory powers the MMD'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 injection of water into
underground formations, consumption of water for non-domestic
uses, water wells, and dame and ather water control works. Haw-
ever, with the passage of the Warren S. Henderson Wetlands Pro-
tection Act of 1984 the WMD's tack on significant new responsibi-
lities to regulate impacts on wetlands associated with agri-
cultural activities. The Act exempts "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 ta irrigation systems and farm ponds. Governor
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 ather uses of wetlands. This is 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 ecalogical value to
the wetlands impacted.

Under Chapter 388, F.S., mosquito control programs are the
responsibility af the Department of Health and Rehabilitative
Services  HRS! and various caunty programs. In years past these
efforts included extensive ditching and diking of coastal wet-
lands and wide use of ail and other chemicals. Today the use of
ail is severely restricted and the use of chemicals is 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, anly those activities necessary to
actual maintain structures are exempt from DER's dredge and fill
permitting process. Obviously, the numerous mosquito 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 control issues as related to fishery
habitat. This effort has been supported by research funded by
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the DER/OCM and conducted by the Indian River Mosquito Control
District, Institute of Food and Agricultural Science, and Harbor
Branch Foundation designed to explore innovative impound mange-
ment techniques. These effarts are just beginning to pay off in
programs allowing for mosquito control while returning selected
impounds to active tidal circulation.

In closing, this discussion has provided a brief and neces-
sarily incomplete overview af Florida's regulatory and gr awth
management programs as they relate to fishery habitat. I would
like to stress that the regulatory and management programs dis-
cussed above are only as gaad as scientific infor mation utilized
to implement them. Unless the research community is willing to
make an effort to communicate their findings, including implica-
tions far changes in regulatary and management programs, to the
gener'al public, politioians, and agency decision makers, no signi-
ficant improvements can be made in the programs outlined in this
discussian.
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THE NASSAU RIVER BASIN ENVIRONMENTAL STUDY

Joel ST Steward

Introduction

The Nassau River basin, located in northeast Florida, is
situated between the St. Johns River estuary to the south an[ the
St. Marys River estuary ta the narth  Figure 1!. The 350 mi
basin is camposed of a variety of land types: fresh and
saltwater marshes ~ mixed hardwood swamps characteristic of the
Nassau's headwater creeks, and pine flatwood areas intersper sed
with light urban ~ agr icultural and silvicultural land use. The
Nassau River is a typical, southeast coastal plain drowned river
estuary whose freshwater inf laws are contributed by several ma!or
creeks. Three of these creeks, Thomas, Mills and Boggy, are the
main headwater creeks  Figure 1!.

Despi.te the low-level development in the basin, hydrologic
and fishery impacts have occurred. A ma/or portion of Mills
Creek has been channelized since 1974 to prevent flooding in the
town of Callahan and sur rounding agricultural lands  USDA, 1976!.
The channelization has altered the hydrology of the Mills Creek
water shed and may be affecting water quality as far downstream as
the creek's confluence with the Nassau Rivers' The lower reach of

the Nassau estuary has been olosed ta bivalve harvesting since
1977 because fecal aoliform densities have been abave the ISSP
standard of 43 MPN  Florida Dept. of Natural Resources, 1984!.
Surface runoff and septic tank leachate from residential
development has been implicated as the contamination sources.

It is likely that further growth in the basin wil3. create
additional environmental impacts unless preventive management
strategies are develaped and employed. Toward this end, the St ~
Johns River Water Management District, in cooperation with the
U.S. Geological Sur vey, has initiated a hydrologic and water
quality monitoring program. The objectives of the program are ta
�! develop a computerizes hydrologic and ambient water and
sediment chemistry data base, �! delineate and describe the
chemical and physical characteristics of the freshwater/saltwater
interface, �! describe water quality problems> and �! determine
spatia3. 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 infor mation can be used to
develop technical criteria f' or wetland management p3.ans for the
Nassau basin ~

Environmental Specialist,St. Johns River Water Management
District, PE 0 ~ Box 1429' Palatka, Florida 32078 '



10'

Methods

A hydrologic and water quality monitoring network, fully
established since 1982, covers the ma!or subbasins  Figure 2!.
The hydrolagic network includes remote, cantinuous stage and
discharge recorders placed on the three headwater creeks, the
mid-reach 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
ar ea of the fr eshwater /saltwater inter face. Rainfall is gaged
throughaut the basin and, concomitant with stage and disoharge
data, will be factored into a one-dimensional hydrodynamic model
for the Nassau.

The water quality stations  Figure 2! are monitored on a
quarterly basis. In addition to the typical in-situ
measurements, several analyses are performed an grab samples
including ma!or nutr ients, anions, cations, dissolved and
suspended solids, and chlorophylls. At this time, the water
quality data collected over the last 2 1/2 years is mast readily
accessible for interpretation and forms the basis of this inter im
r epor t-

Results and Discussion

Preliminary analysis oi 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 fluctuatians, is
located in the approximate geographical center of the basin.
Salinitias in the mixing zane range from � o/oo to 24 o/oo, a
greater than 80$ variability; whereas, salinities near the river
mouth are notably higher with lower variability, averaging 34+ 6
oo/oo. The estuary overall is vertically well-mixed, with top ta
bottom homegeneity of salinity, temperature and dissalved oxygen.

The spatial distribution of ma!or nutr ients, analyzed thus
far, reveal excessively large concentrations of tatal nitrogen
 TN! and total phasphorus  TP! in Mills Creek near Callahan
 Figure 4! ~ Apparently, these large cancentratians are related
to damestic effluent discharges fram the Callahan primary sewage
treatment facility and may be elevating downstream nutrient
concentratians at the confluence of Mills and Boggy. In the
Nassau River estuary, TN and TP concentrations drop by nearly an
order of magnitude  Figure 4!. Throughout the mixing zone
 Pigur e 3!, concentrations of TN � ~ 4 +0.4 mg/1! and TP �.16
+0.03 mg/1! are consistent and consistently tight in variability.
Finally, these concentrations decline samewhat through dilution
and assimilation near the r'iver mouth.

Examining the inorganic or arganic levels af nitrogen and
phospharus can expose further trends and enviranmental
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 fram Callahan. A ma!ority of the inorganic nitrogen
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in Mills Creek is ammonia with a mean concentration of 2.4 mg/ 1.
The highest concentration of un-ionized ammania, 0.03 mg NH3/ 1 ' p
was measured in Mills Creek. This concentration of NH3 is
potentially toxic to aquat,ic organisms, especially at the law
level of dissolved axygen measur ed, 0.10 mg/1  Alabaster and
Lloyd, 1980!. In contrast to Mills Creek, inorgania percentages
in the estuary are much lower, compr ising 40$ af the TP and 21$
af the TN near the mauth. 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 poor correlations
exist between concentratians of inorganic nutrients  nitrate +
nitrite, orthaphaspharus! and salinity, there is a discernable
trend of decreasing concentrations with increasing salinity,
particularly with salinity range groupings: 0-9 o/oo, 10-20
o/oo, 25-40 o/oo  Figures 5a and b.!. This may be a function of
dilutian, however, an equally discernable trend of decreasing
inorganic percentages of TP and TN with higher salinity groupings
 Figure 6! suggests some additional influence from other factors.

One factor ta cansider is biological assimilation. The
predominance of arganic aver inarganic 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
nutr ients. Regression analysis demonstrates that salinity and
chlorophyll a concentrations cantribute to 25$ of the variability
in percent inorganic phosphorus in the Nassau  F=6.66I, .025>P>.01!;
but was an insignifioant influence on the variability in percent
inorganic nitrogen. Absorption/precipitation processes and other
routes of bialogical assimilation and release  littoral, benthic,
etc.! may be ather factors influencing the variability in
inarganic percentages of TN and TP but are mare difficult to
substantiate.

Conclusion

Aware of water quality problems in Mills Creek, the town of
Callahan is presently constructing a secandary level sewage
treatment facility. This should significantly reduce the large
nutrient levels in the creek, particularly ammonia.

Completion of this basin monitoring program within a year or
two will result in a long-term water quality data base enabling
analysis af temporal trends  seasonality! and further analysis of
spatial trends. Accordingly, the hydrologic data base wi11 then
be utilized to relate hydrodynamics to water quality in the
Nassau basin ~
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FISH NURSERY USE IN GEORGIA SALT MARSH ESTUARIES:
THE INFLUENCE OF SPRINGTIME FRESHWATER CONDITIONS

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

Extensive and highly productive salt-marsh estuaries are a
dominant feature alang much of the Atlantic and Gulf of Mexico
coasts of the southeastern United States. 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, percifarm, and
pleuronectifor'm fishes that are spawned in deeper estuarine,
nearshore, and offshore waters  Gunter 1945; Reid 1954; Kilby
1955; Darnell 1958; Tagatz and Dudley 1961; Miller and Jorgenson
1969; Dahlber g 1972; Turner and Johnson 1973!. These spec ies
enter the shallow por tions of estuaries pr imar ily in the winter
and early spring, occur in very high densities during their
recruitment and residence periods, and leave the shallows as they
graw ar as the water begins to cool in late summer and early fall
 Herke 1971; Adams 1976; Weinstein 1979; Bozeman and Dean 19801
Weinstein et al. 1980b; Weinstein and Brooks 1983!- Comparisons
of their spatial 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. However, it is apparent that fishes generally
exhibit similar patterns throughout the region. "Waves" of
recruitment and peaks of abundance unique to each species are
separated through time dur'ing the late fall, winter, spring, and
ear'ly summer  Herke 19711 Dunham 1972; Adams 1976; Chao and
Musick 1977; Govoni and Merriner 1978; Weinstein 1979; Bozeman
and Dean 1980; Subrahmanyam and Caultas 1980; Weinstein et al.
1980b!. Each species associates with particular ranges of physi-
cochemical and biotic factors, including salinity, substrate
campositian, vegetation, and water depth  Gunter 1956; Herke
1971; Chao and Musick 1977; Kabylinski and Sheridan 1979;
Weinstein 1979; Weinstein et al. 1980b!. Temporal and spatial
use patterns combine to produce a dynamic mosaic of transient
species assemblages. Several workers have proposed, and
Weinstein and Brooks �983; see also refer ences cited therein!
have demonstrated, size-specific use of shallow estuarine
habitats. Spots Leiostomus xanthurus "loaded" into the upper
por tion of tidal creek system and "bled off" with increasing
size. This phenomenan likely occurs on an estuary-wide scale as
species eave down the estuary or inta deeper water with grawth
 see Herke 1971; Chaa and Musick 1977!-

The timing of reoruitment of many larval and guvenil.e fishes
into estuarine nur sery areas in southeastern coastal waters
coincides with the winter-spr ing per iod of maximum river
disoharge. This pulse of fresh water signigicantly alters the

Skidaway Institute of Oceanography, 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 lacation af the high-tide surface front between
brackish and fresh water! many kilometer s seaward. Lar ge areas
of the upper portions of estuaries with direct riverine input
thus are exposed to prolonged periods of freshwater conditions
 Dunham 1972; Schroeder 1978; Meinstein et al. 1980a!. These
shifts are accompanied by fluctations in cur rent velocity, tur-
bidity, and other factors linked to variation in r ive dishcar ge.
Seasonal fluctuations in current velocity, tur bidity, 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 knawn ta assaciate with
the oligohaline-tc-freshwater portions of the estuaries  passman
1954; Baseman et al. 1954; Gunter 1957; Milkens and Lewis 1971'
Tagatz and Milkens 1973; Turner and Johnson 1973; Govoni and
Merriner 1978; Meinstein 1979~ Meinstein et al 1980a~ Weinstein

et al. 1980b!. However, the influence of increased r iver dis-
charge and the functional importance of freshwater areas in
processes of recruitment and nursery utilizatlan are paorly
known'

undulatus in the Cape Fear River estuary, North Carolina, were
restricted from a section of the main-stem channel during periads

spp. largely were unaffected  Meinstein et al. 1980a!. Newly
recruited Atlantic nenhaden Br ewoortia ~trannus and gulf nenhaden
B ~atronus concentrate in oligoha line and freshwater ar eas or
bath minimally and intensively flushed estuaries  Milkens and
Lewis 1971; Tagatz and Milkens 1973; Turnex and Johnson 1973;
Meinstein et al. 1980b!. Over langer periads, abundances of spot
and Atlantic croaker did not correlate with year-to-year var ia-
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 also were nat
affected by annual differences in river discharge  Meinstein et
al ~ 1980b!.

Although annual variation of river discharge may not affect
overall community patterns or the population dynamics of estua-
rine fishes> significant local influences af' freshwater encr oach-
ment and incr eased flow velocity can occur. This study was
designed t investigate the spatial and tempor al patterns of
recruitment and residence of transient fishes in shallow areas

slang the main stem of an estuaxy with direct freshwater river
input- Qf particular interest were the ef feats of extended
periods af high river discharge and fxeshwatex encraachment on
continued use of shallow nur seriese

The Ogeechee River-Ossabaw Sound estuarine complex is
lacated an the nar them portion of the Georgia coatline  Fig. 1!.
Deeper partians of the estuary ar e surr ounded by intertidal salt
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aarshes doainated by saooth oordgrass ~gartina alter nirlora, 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.
Nidebbtide current velocity in the Ogeechee River, 25 km upriver
from the mouth of Ossabaw Sound, has been measured at 0.76
m'second  Windom and Beck 1971! at a river discharge of approx-
imately 50 m3 second  USGS 1970!.

The Ogeechee River drains approximately 14,300 km2 of
Georgia's lower piedmont and coastal plain. Since 1937, the mean
daily discharge has been 82.0 m3'second 1 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 stem of the estuary
 Fig. 1!. They were chosen so that at least one station would
experience freshwater conditions during periods of high flow.
The lawer statian, 13 km inland from the mouth of Qssabaw 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 situated at 13-km intervals upriver in a more stable salini-
ty regime � ta approximately 15$; Howard et al. 1975!. The
freshwater boundary was appraximately 10 km abave the upper
station during low-flow periods.

The mouths of the creeks where samples were taken were 7 to
9 m wide and approximately 1.5 m deep at mean high tide ~ At low
tide, the creeks drained completely at the Lower and middle
statians, and almast campletely at the upper station. Substrates
were soft mud. Salt-marsh vegetation was smooth cordgrass at the
lower station and smooth oordgrass, rough oordgrass ~g artina

upper and middle stations.

methods

Fishes wer e sampled by two hauls of a 1.2 x 10-m sein �-mm
mesh and a 1.2 x 1.2 x 1.2-m bag! extended completely across the
mouth of the intertidal creek, then pulled into the creek over a
roughly t,riangular area, and pursed on a mudflat inside the creek
mouth. The areas sampled were approximately 50 m at the upper,
78m at the middle, and 75 m at the lower stations. All sta-
tians were sampled during ebb tide on the same day at 28-30-day
intervals from 9 December 1980 through 30 Nay 1981, and during a
3-day period in June 1981. Sampling was conducted within 60
hours of the highest-amplitude spring tides af the month except
in June, when they were sampled during 3 days af lawer-amplitude
spring tides.
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On each collection date, surface salinity  +0.5$ range,
measured by refractometer! and temperature  +0.25 C! wer'e
recorded at each station and at midriver during high tide, midebb
tide, and at low tide. Salinity and temperature prafiles at high
and low tide were determined from midr iver values recorded at
1.3-km intervals between stations. Between monthly collectians,
high-tide values were recorded at all stations and a midriver
profile was determined. River-discharge data were obbtained from
records published by the Georgia Mater Resources Division of the
USGS for gauging stations located 60 to 80 km upriver from the
study area. These data and results fr om other studies  Windam
and Beck 1971; Howard et al. 1975! were used to correlate r iver
discharge and salinity at given locations.

After collectian, fishes were placed in 10$ formalin. In
the laboratory they were sorted, identified, counted, and
measured to the near est 1 mm total length  TL!; the total weight
of individuals from each species was determined ta the nearest
0.1 g wet weight. When more than 100 individuals of a species
were collected, they were randomly subsampled far length
determinations.

Seasonal recruits  transient species! are defined. as thasa
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 m . Analyses of species distri.bution were
based on species ranks determined from catch values. Kandall's
�962! coefficient of concordance M 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
seasanal recruit species  of 15 t,otal! were included in these
calculations. These comprised over 99.9$ of all seasonal
recruits collected and over 98$ af the transient fishes at any
station in a monthly calculation if it was present at at least
one station.

Periads of recruit. ment af transient species were determined
fram monthly mean lengths of the smallest 10$ of sample popula-
tions  see Meinstein and Walters 1981! and fr om 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 distribu-
tion patterns were examined by month-to-month comparisans of the
size composition af' species populations at their uppermost and
lower'most sttions of abundance. For each comparison, the propos-
tions af' the populations in several  >5-mm TL! size classes were
calculated far both stations. Chi-square tests were performed on
each pair of proportions to test for differences between
statians.



122

Repetitive seine hauls were conducted during June 198> to
assess the adequacy of tvo hauls in determining use patterns.
Sampling at each station was continued during ebb tide until the
creek mouths vere drained  Lower and middle stations! or until
low tide  upper stations!- Fishes from the four or five seine
hauls were preserved and pracessed separately. Species ranks and
abundances were determined for all transient species present
based an  a! the first twa hauls and  b! all hauls at each
station- Spear man's r ank carr elation statistic  rs! was used to
test the hypothesis that, species' ranks were independent between
 a! and  b!. Significant correlations would show that twa hauls
yielded rankings similar to those produced by several additionaL
hauls. Length comparisons were based on t-tests of mean Lengths
fram two and all hauls combined.

Three collections were made at each station between 8
February and 9 Apr il 1982 to deter mine if patterns of nursery use
wet e repeated the fallawing year under different, flow r egimes.
Procedures vere similar to those used in 1981 except that lengths
were nat recorded> and the Narch samples were processed in the
field with species ranks assigned based on relative abundances.
In Harch, the middle and upper statians vere sampled one week
earlier than the lover station. KendaLL's W was again used to
compare species heirarchies amang stations within months.
Spearman's r s was used to test the hypothesis that species' ranks
vere independent between years far the same month and staian.

Results

Sam lin Considerations

Comparisons af species' ranks between tvo and all four or
five seine hauls druing June 1981 yielded highly significant
correlations at all stations  rs = 0.85-0.98; P  0.005! ~ Nine
transient species vere taken by the first seine haul at each
station, and no additional species were colleoted in subsequent
hauls. Although species r anks did not vary dignificantly between
early hauls and all hauls combined, the maJor ity of a few species
were calleoted in later hauls. To eliminate any bias in esti-
mates of species abundance, all comparisons are based on larbe  >
't order of magnitude! differences in species catch-

There were no significant, differences in the mean lengths of
any species between tvo and all hauls combined at any station.
Additionally, there were very few differences in length ranges
between the ear ly hauls and all hauls cambined. Our 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 efficienoy varied between months or loca-
tions, thus validating our temporal and spatial length
comparisons.
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Salinit and Tem erature

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 values
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 canals.

River discharge with sustained flows exceeding 50-60
m3 second displaced the freshvater 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 vas sufficient to maintain fully freshwater conditions �$
at high and low tide! at the upper station for at least 60 days
 Fig. 2! ~ At the middle station, in a zone of somewhat greater
tidal influence, the relationship between river discharge and
salinity was less clear. During high river discharge, salinity
ranged from 0 to 2$. Fully freshwater conditions were measured
on only two occasions and the freshwater boundary was likely
downstream of this point for no more than a few days at a time
during 1981. Salinities at the lover station were reduced during
high flow and the diel range was much greater  up to 20$! than at
upriver loca lions.

The high-flow period in 1982 was of muoh greater magnitude
and duration than in 1981, and discharge was comparable to long-
ter m means  Fig. 3!. Fully freshwater conditions wer e recorded
at the upper station on all three sampling dates and salinities
ranged from 0 to 0.5$ at the middle station. The freshwater
bcundary remained dOwnetream of the upper Staticn 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 raid-June 1981  Fig. 4!. 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 ad!acent estuary indicate that water temperatures
were generally warmer during the winter of 1981-1982 than in
1980-1981 but wer e cooler folloving mid-April during the second
year.

Fishes

We collected 46,908 fishes from 41 species between December
'l980 and June 1981. More than 95$ vere transient species.
Young-of-the-year spots, Atlantic menhaden, and striped mullet
M~ull ~oe halua together hade 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
station.
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Rank analyses yielded significant correlations from February
thraugh June 1981, including the period of high river flow  Table
1; Fig. 2!. Nonsignificant values in December and January
resulted fram high catches af Atlantic croakers and southern

stations. These twa samples also preceded the arrival of most
seasonal recz'uits, resulting in low numbers af species in calcu-
lations of significance. The highest catches of Atlantic
croaker, southern flounder, Atlantic menhaden, silver perch
~ ."-'-~.- ' "-'-".' ~ -.--,--
r ecorded at the upper or middle statians thraugh May. This
pattern combined with very low catches of str iped mullet at
upriver locations in Apx'il and May to pr oduoe low  W   0.80! but
signifi.cant caefficients af concordance far these manths. Xn
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 bei.ng recruited to the study
ar ea  Table 2!.

Concordance of species ranks indicates that all three
sampling locations functianed as nursery areas in a similaz
fashion throughout the 1981 recruitment season, particularly
dur ing the periad of fully freshwater conditions at upriver
locations. Differences in species 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 di.sappeared 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 i.ncreased
again at upriver locations by June.

Spot abundance at the upper station alsa drapped off sharply
during the latter part of the high-discharge per iad, but this
occurz ed as recruitment was ending and spot abundance was declin-
ing throughout the study ar'ea. This also fallowed an absolute
increase af spot abundance at the upper station during the
initial phases of recruitment and freshwater conditions  Tables 1
and 2; Fig. 2!

Pooled species abundances show rather distinct periods of
nursery use: Atlanti.c croaker  December!; striped mullet
 February-Max ch!; southern flounder  March!; spot  March-Apx il!;
Atlantic menhaden  May!; silve~ perch  Hay-June!; and white mul-
let H~u il curema  June!. Length data  Table 2! indicate that
soughern flaunder recruitment ended during March, coinciding with
their peak abundance. Spot recruitment, on the other hand, did
nat end until late May, aftez' their March-April period of peak
abundance. Stxiped mullet recruitment ended during April,
although peak abundance had acourred in February and March. Nore
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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~Sm hurus ~ls iuss recruitment wss still in progress when the
19 0- 19 1 study period ended.

The largest sauthern flaunder and silver perch composed
significantly  P < 0.05! gzeatex proportions of their populations
at the upper station during initial recruitment periods, while
the smlest size classes were relatively mare abundant at the
middle  southern flounder! and lover  silver perch! stations.
Later in theiz residence periad, the largest southern flounder
vere more abundant at the middle station vhile smaller fish

dominated at the upper statian  P < 0.001!.

Spots exhibited na clear pattern of size-class distribution
during recruitment, but by late May and June, the largest indi-
viduals vere relatively more abundant at the lover station and
smaller fish dominated at the upper station  P < 0.05!. Although
no consistent trends of relative size-class abundance wexe eviee

dent for Atlantic menhaden, fish longer than 40 mm TL were
proportianately more abundant at the lawer station in late Nay,
while fish shorter than 35 mm TL dominated at the upper station
 P < 0.01!.

Rank analyses of collections in 1982 yielded high coeffi-
cients of concordance in all three months, yet the correlation
between stations was statistically significant anly in April
 Table 1!. This was due mor e ta law number s of species enter'ing
the calculations in February and March than to differences in
species hierarchies between stations. Nanthly rank-corr elation
analyses between years were statistically significant only for
April collections at the upper and middle stations  Table 3!.
Atlantic croakers, sauthexn flounder, and hogchokers vere absent
in 1982 samples taken during months when they were present in
1981  Table 1!. Many fever spots and striped mullet were col-
lected irs 1982 than in car r espanding 1981 collections. Mar e
Atlantic menhaden were colleoted in 1982. Despite these
interesting differences, by April six seasonal recruit species
were present in the study area and species ranks were correlated
among stations and betveen years. At this time rivez discharge
had been sufficiently high ta maintain freshwater canditions at
the upper station for approximately 95 days  Figs. 2 and 3!.

Discussion

Shallow marsh habitats alang the margin af the upper
Ogeechee River estuary serve as muz'series far sevez'al fish
species. The fish assemblage in upriver areas in vinter and
spring vas dominated by seasonal recruit species, similar to the
patterns at the more saline lover station and to higher-salinity
locations in other estuaries  for example, Weinstein 1979;
Bozeman and and Dean 1980; Weinstein et al. 1980b!. Species
recruited from deeper estuarine, nearshare, and offshore spavning
grounds used upriver portions of the study area during periods of
fz'esh water' conditions. Only stxsiped mullet showed a pronounced
"avoidance" of freshwater encroachment. Rank analyses fux'ther
emphasized a similarity af function among stations.
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Thus, the role of shallow upriver areas as nursery graunds
was nct substantially altered by the encroachment of' freshwater
for appr oximately 45 days in 1981 and nearly 100 days in 1982.
Because all collections were made during the highest-amplitude
spring tides of each month, z'ivez'ine influence was even more
pr onounced between collection dates. It is unlikely that
brackish water penetrated upriver locations between sampling
dates.

Differences in the numbers of several species between 1982
and 1981 may have been due to variatians in the size af spawning
stocks, the timing of spawning, spawning success> larva survival>
or ta cr'oss-shelf and estuarine transport pracesses. Several af
these factors have been correlated with water temperature  Nelson
et al 1977f Fer r aro 1980! Johns and Howell 1980; Johns et al-
1981! and warmer temperatures during the winter of' 1982 may have
contributed to the high catches af Atlantic menhaden at a r ela-
tively early date  Table 1!- It is also likely that higher river'
discharge in 1982 delayed or prevented the reer uitment af some
species.

Meinstein 1 et al. �980! have demonstrated that transport
mechanisms based an diel vertical migrations, correlated with a
combination of tidal current direction and photaperiod, allow
pastlarval spots and flounders to recruit inta and remain in
specific portions af the Cape Fear River estuary. They proposed
that flood-tide migration into surface layers also facilitates
movement over the river shaals and into tidal creek systems. In
contrast, Atlantic craakers remain primarily in battom layers and
depend on net upstz earn flow in the saline wedge to concentrate in
upriver channel areas. %einstein et al. �980a! fur ther noted
that increased river discharge "flushed" spot and Atlantic
craaker postlarvae from an upstream location to which they
returned following the fr eshet. Zn 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 kilometer's above the fr eshwatez boundary- As
discharge increases the saline wedge is compressed toward the
freshwater boundary, which is concurz'ently being displaced down-
stream  see Windom and Beck 1971; Dories and Howard 1975; Howard
et al. 'l975; Schraeder 1978!. The hydr aulic head similarly
diminishes or prevents net floadtide displacements at all points
 Schroede r 19 78!.

Therefore, it is likely that> in 1982, r iver discharge
increased to the point where net upstream transport of new
recruits was inhibited  for example, spat, sauthern f launder;
Table 1!. If this was the case, only those fishes that weze
established in shallow areas priar to increased. discharge or were
able to maintain position in channel areas would remain in up-
r iver nurseries. Rear uitment to the study area likely would be
limited to episodes between discharge peaks and after the high-
flow periad, delaying and diminishing immigration to upriver
nurseries. Spots and southern flounder were able to use the
sruay area under fully f'reshwater conditians. Therefore, any
ef fects of increased discharge on these species' nursery-use
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patterns are related ta recruitment and retention mechanisms
rather than to salinity "preferences" or the physiological abili-
ty of fishes to utilize freshwater' areas. In contract, striped
mullet were apparently unable ta occupy fr'eshwater areas indepen-
dent of the effects af 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!.

Tr'ends in spatial and tempor al 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 their total
distribution. Additianaly, Atlantic menhaden vere present at
sampling locations primarily as metamorphosing postlarvae �0-40
mm TL; Lewis et. al. 1972! and were cancentra ted from the vicinity
of the high-tide freshwater boundar y up ta 14 km above the fr ont
�981 and 1982 data combined!.

Previous studies af southern flounder also have shown that

young af the year are faund in upriver, low-salinity areas
 Powell and Schwartz 1977; Meinstein 1979; Weinstein1 et al.
1980; Weinstein2 et al. 1980!. In Virginia, Atlantic menhaden
are present in the shore zone primarily as postlarvae  passman et
al. 1954!; and larvae and postlarvae concentrate in a zone
extending from law-salility � 5! waters to a few kilometers
above the freshwater boundary in the mainstem of the White Oak
River estuary, North Carolina  Milkens and Lewis 1971!. In
contrast ta our data, young-af-the-year silver perch have been
reported to concentrate in more seaward, higher-salinity zones
 Chao and Nusick 1977; 'Meinstein2 et al. 1980!.

As residence periads cantinued, the largest Juvenile
southern flounders were relatively more abundatn far ther down-
stream. Atlantic menhaden vere markedly less abundant vhen
recruitment ended. Thus, it appears that as these fishes grew
they moved into deeper or mare saline waters. In Virginia,
Juvenile Atlantic menhaden are common in upriver channel areas as
postlarva abundance in the shallows decreases  Nassman et al.
1954!. In Narth carolina and Florida juvenile A~antic menhaden
first are collected in lov salinity-freshwater zone, but become
increasingly more abundant seaward as the season progresses
 Wilkens and Lewis 1971~ Tagatz and Wilkens 1973; Turner and
Johnson 1973!.

Although spots generally were distributed uniformly among
the stations, size-class distributions indicate that, as fish
grew, they moved to the lowe~ portion of the study area. Spots
have been reported to be ubi.quitaus in estuarine nursery areas
 Chao and Musick 1977; Weinstein 1979; Meinstein et al 1980b!;
however, other studies  Turner and Johnson 1973; Meinstein1 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 pr eferentially to primary zones of recruitment at
the most inland, least saline extent of their total distribution,
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subsequently moving to deeper or mora salina waters as they grov.
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; Ghao and
Muslck 1977; Welnstein 1979!. Weinsteln and Brooks �983! have
shawn that spot exhibit this pattern within a disorete tidal-
creek system.

We have demonstrated that seasanally freshwater areas are
important functional components of estuarine nursery zones. The
winter-spring disohar ge peaks observed in the Ogeechee River are
common to mast drainage systems along the southeastern Atlantic
and Gulf of Mexico coasts  far example, Dunham 1972; Sohroeder
1978; Wefnstein 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 tr opical storms produce
maximum precipitation in the summer and fall  personal communica-
tions: Donald Foose, USGS, Tallahassee, Plorida; R. U. Grozier,
USGS, Austin, Texas!. Therefore, fishes entering and residing ln
estuarine nursery areas throughout most of the region confront
freshwater encroachment into estuarine nurse y areas. Hawever,
estuarine zones are only partially composed of river-fed systems
and seasonal freshwater encroachment may occur at the head of
such a system or slang the inshore margins of minimally flushed
basins- In Georgia, these tvo estuary types alternate, praducing
a highly complex mosaic of habitat types, punctuated temporally
and geographically by marked riverine influence. The nursery
function of specific looatians vill be gaverenad by individual
species responses  or lack thereof! to freshwater encroachment
and hydrodynamic factor s. It ls striking that lov-salinity and
freshwater areas serve as primary zones af reeruitmant to sa many
species and that their peak recruitment and utilizatlan periods
occur during the period of maximum riverine influence that tem-
porarily creates a much larger pr opor tlon of the "per ferred"
habitat.

It is not known how far into permanent freshvater areas
 fresh tidewat~! functional nursery habitat extends. These may
be extremely important components of the estuarine nursery con-
tinuum in minimally flushed estuar les and at the heads af river-
dominated zones during lov-discharge years. Low-salinity and
freshvater areas warrant additional attention from estuarine
r esear cher s and managers due to their impartanca in the overall
function of estuarine nurser les 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

Intr oduction

The Indian River on Flcr ida's east central caast is an

estuarine system that anly recently has come under intensive
study. The northern portion of the river is shown in Figure
Gilmore �977! has done a summary of the geagraphy 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 �983!.

Traditionally, the high marshes within the Indian River have
been accessible to fishes of the open lagoan. However, since the
mid-1950's, nearly all high marsh has been isolated fram the
lagoon by earthen dikes for mosquito contr al pur poses  Provost
1969, 1973!. On Merritt Island, this resulted in large areas of
marsh being isolated, and some partitioned ~ by these management
practices  Provost 1969, 1973!. Snelson �976! has done a pre-
liminary survey of fishes of variaus impounded marsh habitats of
northern Mer ritt Island. Initial studies of the impact of the
impoundments on the entire estuarine fish cammunity have Just
recently begun  Schooley 1980, Gilmor e et al ~ 1982!. Schooley
�980! showed the impoundment fish communities of Mosquito Lagoon
were less diverse than those of nearby seagrass beds- However,
the impoundments had higher fish density � to 8 times!, higher
fish biamass  8 to 10 times! and higher fish production   14 to 21
times! than the seagrass beds.

This paper examines same of the processes and factors which
may influence fish community composition and productian in the
impoundments and seagrass beds. The seasonal cycles of tempera-
ture and salinity, rates of production by macr ophytes and
structure af the zooplankton communities in each habitat are
examined.

Department of Zoology, University af Flor ida, Gainesville,
Florida; Pr'esent Address: Natural Sciences and Mathematics,
Northeastern State University, Tahlequah, Oklahoma 74464.
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~Stud Area

The nor them Indian River and Mosquito Lagoon are shown in
Figure 1. The term "river" is a misnomer. Indian River is a
large, shallow, mesohaline lagoon is separated from the ocean by
a barrier island but that is cut in five places by artificial
inlets. The northernmost and widest part of the island is
Nerritt Island. Mosquito Lagoon is separated from the rest of
the In4ian River by a second strip of land which has been cut at
Haulover Canal to form a passageway ior the intra-coastal water-
way. The closest access to the ocean from Mosquito Lagoon is
thr ough Ponce de Leon Inlet, 80 km nor th of Haul.over Canal.

The aver age water depth of Indian River is 1.5 m, with the
maximum depths in areas dredged for channels, harbors and land-
fill. The bottom of the lagoon is covered by extensive seagrass

Tidal fluctuations are insignificant in the northern part of the
system, with maJor water movements the result of wind-driven
circulation  Dubbelday 1975!. Nosquito 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
balance between evaporation and local precipitation  Lasater
1975!.

Two seagrass beds within Mosquito Lagoon were studied. The
first, Sl, is located in Eddy Creek at the southern end of the
lagoon where water depth was approximately 0.5 m. The second
seagrass site, 82, is located cff Van's Island, approximately 18
km from Sl. Mater depth at S2 was approximately Oe6

In contrast to the relative homogeneity of the seagrass
beds, the impounded marshes of Merritt Island and the barrier
island east of Mosquito Lagoon do not have a uniform floral
species oomposition or species density  Snelson 1976!. This
partially is due to variations in salinity and water level
resulting from differing degrees of isolation among the impound-
ments. At Il, the southern impoundment site, the marsh was
broken by large expanses of water bordered by stands of black
mangrove  Avicennia ger minans!: however, some white mangrove

were also present. The open waters were found to have seasonal
growths of Chara which, in some locations, filled the water
column.

Site I2, the northern impoundment canal, was located approx-
imately 200 m from site S2. This canal formed by draglining, is
nearly continuous around the periphery 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 blaok 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 macrazooplankton were taken monthly
at all four sites during the period August 1978 through August
1979. The same parameters also were sampled dur'ing July 1978 at
sites Il, Sl, and S2.

~Ph sisal Data

Maximum-minimum thermometers were submerged at sites Il, Z2,
and $2. Ther mometers could not be left at site S1 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 refractameter.
In November 1979, surface sediment samples were taken at Il and
S1 and the percentage of combustible material determined by
ignition of dry samples in a 475 C. oven for 8 hours. Values for
rainfall and average manthly air temperature were obtained fram
recordings taken by Patrick Air Force Base, 60 km south of
Mosquito Lagoon.

Three replicate 10-m-lang taws 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, under estimated in data from July
through September 1978. The meat size and twa length were
expected ta produce comparatively dilute plankton samples, but
were considered adequate far making qualitative compar isans be-
tween the impoundments and seagrass beds.

During sorting and counting, specimens were identified at
the most practicable taxonomic level. Dissolved rose bengal was
used to stain plankton and improve sorting efficiency of flaccu-
lent samples.

Densities and similarities of zooplankton communities are
compared. The community similarity index used was Czekanowski's
Quanti,tative Index  Bray and Curtis 1957! which is applied to
percent abundance data. The index ranges fram zero  no simi-
larity! to one  identical!. Indices are calculated for all
combinatians af two sites. The intrahabitat comparisons  Il vs
I2; Sl vs S2! are then campared to the average of the inter habi-
tat indices  Il vs Sl; Il vs S2; I2 vs S1; I2 vs S2!. Community
distinctiveness is indicated when both intr ahabitat indices ar e
greater than the aver age interhabitat index.
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~Primar Produ etymon Processes

The above-ground standing crop of macrcphytes from five
randomly thrown 0.25 m quadrats was harvested each month.
Samples wer e taken in waters 50 to 75 m from shore at sites Sl
and S2, along the edge of the canal at I2 and 25 to 50 m from
shore at Il. The harvest from each tcse was retur ned to the lab
where shell and detrital materials were rinsed off prior to
drying to constant veight at SOoC. The year ly net primary pro-
duction of seagrass at sites Sl and S2 was calculated as twice
the maximum standing crop  NcRoy and McHillan 1977!, assuming 1
mg dry weight is equivalent to 16 Joules.

Net primary production for site Il was computed in two
components: contribution of the algae Chars and litter fall from
the mangraves, primarily standing crop  Rich et al. 1971!; man-
grove litter production was calculated after determining a leaf
area for the mangrcves during the summer of 1979. Leaf area was
calculated using the modified plumb-bob technique used by
Benedict �976!. 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 far Florida
mangrove forests dervived fram Pool et al- �974!. Based on
forest descriptians in Paol et al. �974' leaf-turnovers per
year were assumed ta be 1.0 and the ratio of leaf litter to woad
litter to be 3r 1. Unfallen dead leaves were assumed to contain
20.17 J.mg  Heald 1969! and twig 17.86 J.mg  Qolley 1961! on
a dry weight basis.

The percentage of marsh covered by open water versus man-
grove canapy was determined by planimetry  cut and weigh! of
recent aerial photagraphs of the Il sampling area. This provided
a pr oratian to use in computing total marsh productian 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 impaundment flats. Therefore, an estimate
of net primary productian available within the canal habitats
would be premature, based on limited Chars and fringing produc-
tion data.
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Results

Ph sical Environment

Average values and ranges of temperature and salinity are
shown in Tables 1 and 2. The range of annual absolute minimum
and maximum temper atures  Table 1! found in the two impoundment
sites> Il and Z2, and one seagr ass bed, S2, were nearly identi-
cal. The average monthly temperature ranges at Z2, however, were
significantly smaller  Student's t, p < 0.05! than average
monthly ranges for deeper 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 Sl.

significant differences were found in salinity averages.
Salinity at site Il was lower than at the other thr ee sites
 Student's t, p < 0.01!. Site X2 had higher salinity than did S1
 Student's t, p < 0.01!. Salinities at Sl and S2 were not signi-
ficantly differ ent. Greater water depth reduced salinity fluct-
uations at, X2, as compared to the other three sites. The greater
range of salinity at S1 versus S2 is believed to result from the
isolation of the shallow portion of the lagoon where site Sl is
located  Eddy Cr eek!. This probably reduces mixing, causing mor e
dilution of waters at S1 during periods of heavy rainfall. The
most dr amatic change in salinities, a drop of 20 ppt, at S1 from
December to Januar y, was due to heavy rains in late December and
early January.

Two peak periods of rainfall vere 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 vas 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 degr ee, nor for as long. Ther efor e, seasonality
and amount of rainfall markedly affected salinity Levels and
fluctuations in the shallow water system studied.

The percentage of combustible organic material in surface
sediment at Il was more than five times greater than at S1 �2.6
vs 3.9$!. With sample sizes of 9 and 8, r espectively, this
differ ence is highly significant  Student's t,p < 0.001!. There-
fore, the yearly accumulation of detrital material is assumed t,o
be much greater within the impoundment than in the shallow sea-
grass bed. Some of the detritus originating in the shallows may
be tr'ansported from the seagrass beds and deposited in deeper
vaters in the lagoon. Thomas �974! found amounts of organic
carbon in the sediment of barr'ow 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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Environmental Cor relations

Table 3 shows correlations  Spear man Rank! of salinity,
median water temperature and standing crops of eeagrass  S1 and
S2 only! to structural characteristics of fish community
 Schooley 1980!. The strongest correlations existed between fish
standing crops and median water temperature, especially at sites
I2 and S2.

Correlations of community structure to salinity show a con-
trasting pattern between the twa 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-
ties to which monthly numbers of fish species found were
negatively correlated. Standing crop af energy had a significant
 p < 0.05! positive correlation to salinity at I2, but almast no
correlation at site Il. The seagrass beds had na significant
correlations between fish community structure and salinity.

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

Primar Production

Estimates of net primary productian for three sites are
presented in Tables 4 and 5. The ratia of mangrove production tc
Chars production uithin the iapoundeaants uas approxiaately 4:1.
The ability to extrapolate froa the estiaates for Zl to the
entire impounded marsh has not been demonstrated.

Zooplankton callectians  Tables 6, 7, 8 and 9! were divided
by quarters based on seasonal rainfall and air temperatur e pat-
terns  Tables 2 and 3!. Quarterly averages resulted in a reduc-
tion af temporal variations in standing crops of zooplankton,
causing sites to appear more similar. Since the zooplankton are
used ta interpret br'aod oommunity differences, this reduction in
infarmation is not considered critical.

The impaundments wer'e not significantly different from the
seagr ass beds in terms of zooplankton abundance. Densities
varied greatly, but there was no pattern of bath sites in one
habitat having higher ar 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 midsummer, caridean shrimp and
brachyuran larvae were reaching peak abundance at sites S2 and
S1, respectively  Table 9!. Site I2 was characterized by the
sharp seasonality of calanoid copepods; densities peaked in
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spr ing  Table 8! and dropped dramatically by midsummer  Table 9!.
In general, midsummer was a per iod of very low plankton standing
crop at I2 relative to the other sites.

Quantitative comparisons of community structur e did not show
distinctiveness between seagrass and impoundment, zooplankton
communities when all taxa are included in the analysis  Table
10!. beany of the taxonomic groups include benthic organisms that
become suspended in shallow waters by wind-mixing. A similarity
calculation was done excluding nematodes, numerically dominant in
the plankton samples and abundant in the benthic meicfauna
 Schooley unpublished data!, When nematodes were excluded, win-
ter  December - February! and spr ing  March � May! showed higher
intr a- than interhabitat similarity  Table 10!. In winter, high
similarity between the seagrass sites was largely due to caridean
shrimp. 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 seasonality cf these taxa. Caridean shrimp densities
peaked at S1 during winter and spring and at S2 in midsummer.
Srachyuran larvae were much denser at S'l than any other site;
densities peaked at S1 and S2 in midsummer. Sites S1 and S2 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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Discussion

Abiotic Factors

The controlling physical f'actor within the systems studied
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 reductions in
structure and function of fish communities.

Zn the seagrass beds Jones et al. �975! suggested a two-
seasan pattern for the resident fishes. During the warm/wet
season they hypothesized an inverse relationship between rain-
fall, which led to lower salinities, and the number of species
occupying the seagrass beds. Also hypothesized was that during
the cold/dry season, even though rainf'all was decreasing and
salinity rising, the drop in water temperature resulted in a
further decline in the number of fish species. Schooley  l977!
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 seasonal recruits. The seagrass beds had
slight late-summer depressions in density followed by higher
levels in fall.

At Z2, the correlations of salinity and temperature to fish
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 rainf'all, total marsh area may increase drama-
tically during the cooler months, as at Z2 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. Similarly, during the warmer, dry months,
densities would increase as water evaporated 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 in ecological density
at Z2 remains to be investigated. Similar phenomena were not
believed significant at the other three sites.

Day et al. �973! found temper al patterns in a Louisiana
salt marsh and shallow estuarine system to be controlled by
temperature, as did Adams �976a! in a North Carolina Zostera
bed ~ Subrahmanyam and Drake �975! found no correlation of
abundance  numerical or biomass! to seasonal temperatures or
salinities in two north Florida salt marshes. However, several
taxa did show sXgnif'icant correlations to either temperature or
salinity.
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Seasonal succession in 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 occur in these impounded marshes. Some minor recruitment may
occur at pumping stations  Jack Salmela, personal communication!
when impoundment water levels are maintai.ned with water from the
open lagoon.

Snelson �976! concluded that the maJor f'actors controlling
spatial distribution of f'ishes in permanent impoundments were
salinity and vegetative cover. Salinity and vegetative cover
differed between the two impoundment sites studied; however,
salinity differences between Il and Z2 would not appear tc be
significant physiologically to the dominant ather iniform fishes.
Snelson �976! and Gilmore et al. �982! 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 i.mpoundment sites did not appear any more "stressed",
in terms of fluctuations of salinity or temperature, than did
the shallow seagrass beds. However, due to the closed nature of
the habitat, species in impoundments do not have a temperature
and/or salinity refugium to which they can retreat when condi-
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 seagr ass fish communities.

Biotic Factors

Acoording to Clar k �975!, the most important biotic factor
controlling communities in Indian River seagrass beds is seasonal
change in macrophyte standing crop. In spring and early summer,
seagrass beds provide greater habitat complexity and str ongly
influence the physical, chemical and biological processes of the
entire system. In fall the seagrass beds, often carpeted with
diatoms, die-back, producing vast amounts of detritus resulting
in a pulse of organic car bon into the sediment about six weeks
later  Clark 1975!. This seasonal pulse affect appear s to be
char aeter istic of seagrassbed based ecosystems  Phillips 1960,
Odum 1967 and Phillips 1974!.

Pulsing of detrital input was nct observed in the impound-
ments. Pool et al. �974! r eported increased leaf-Pall in the
rainy season in mangr ove forests of south Florida. If this is
true f' or impoundment mangroves in the Hosquito Lagoon area,
maxium leaf-fall, on aver'age, would occur i.n June, July and
August. The maximum standing crops of Chara occurred in December
and September at site Il and Is, respectively. Based on this
limited information, but not synchronously. Nangrove 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
incr eases speed up bacter'ial and meiofaunal detrital processing.
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The amount of detritus produced in the impoundments appears
to be greater than in the seagrass beds. Unf'ortunately, with
complete data from only one impoundment, the significance of the
diff'erence 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
estimate for the impaundment mangraves at site Il �.47 g.m 2nd

! is approximately the same level as those for mangz'ove scrub
forests at Tuz key Point in southeast Flarida  Pool et al. 1974!.
This forest is about twenty-five percent as productive as basin
forests of southern Florida, which have greater freshwater turn-
over than scrub mangrove forests.

The Seagrass beds of' this system are on the low end of the
range of annual production for seagrass-based eaosystems.
Assuming 1 gC is equivalent to 42 kJ, produotion estimates in
kJ.m .v for Zostera beds were 8,943 and 5,280 in North
Car nlina  ideas 1917bj, 24,928 in Pudet dnund  Phillips 1974!
and, for a Thalassia bed in the Caribbean, up to 122,640  Thayer

y l.

Clark �975! gave f'auz' nanexclusive hypatheses f'oz' reduced
production within seagrass beds for Mosquito Lagoon and the
northern Indian River. They wez'ez

lack af appreciable cuz rents, leading to localized
depletion of nutrientsz

nutrient limitation due to sediment charactez istics

 i.e. coarse sediments with less surface area for
microbial regeneration of nutrients!;

2 ~

Annual net production in the seagrass beds averaged 3,060
kJ.m .y for sites S1 and S2. By comparisan, using estimates
of' above ground monthly standing crop for other seagrass beds in
the Indian River  Clark 1975; Eiseman et al. 1976! and performing
the same calculations and conversians, averages of annual net
seagrass production of 1,273 and 3,065 kJ.m .y were derived.
Red and brown algae, which were not significant in the shallow
grassbeds at Sl and S2, did contribute to production in the
deeper sites studied by Clark �975! and Eiseman et al. �976!.
Naximum minus minimum standing crop was used as an estimate of
net production of' algae  Steve Davis, pez'sonal cammunication!.
Net production was converted to joules based on average calor-
imetzg values of' phaeaphytes and rhadophytes of 12.79 and 13.27
J.mg dry wt. respectively  Cummins and Muycheck 1971!. This
would add 279 kJ.m .y due ta red algae production to the 1,273
kJ.m .v produced by seagrass in the area studied by Clark
�975! ~ Red algae are estimated to produce 783 kJ.m .y and
brown algae 224 kJ.m .y far a total of 1.007 kJ.m .y in the
grassbeds studied by Eisman et al. �976!. In these twa cases,
estimates of net seagz ass praductian were 3 to 4.5 times that
estimated f' or macroalgae production.
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3. seagrass intolerance to low temperatures at the
northern limit of their range; and

4. carbonate limitation.

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

Conclusion

The dramatic differences between the seagrass and impound-
ment fish communities  Schooley 1980! do nct 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 �4 to 2$ 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 habitat.
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Table 1 ~ Median water temperatures and average monthly air
temperatures during the sampling per iod; absolute
minimum, absolute maximum and temperature ranges from
submerged maximum/ minimum mercury thermometers.

Air Temp  oC!

Cape Canaveral

Mater Temp  oC!

S2Year 4 Month X2

31.0
30.0
23.0

22 ' 5

31. 0
26.o
23.0
21. 5

17-5

18.5

29 F 0

8.0

39 ~ 0
8.0

37 ' 5
6.0

39 ' 0
Absolute minimum

Absolute maximum

Maximum monthly
range width 19.015 ~ 517 ~ 5

Aver age monthly
range width 10. 8 '15.314. 7

1978 August
September
October

November

December

1979 January
February
March

Apr il
May
June

July
August

15 ~ 0

16.4
18 ~ 5
24.0

27 ' 5
29.0
20.5

31.0

15 ~ 0

16.8
19 ~ 3
25 ~ 5

27. 0
31 ~ 5
33 ~ 0
31 ~ 3

31 ~ 5
31 ~ 0
24.o
22 F 5
20.4

25.6
25.0

22.0

22 ' 0

17.0

15.0

15.0

18. o
22 ' 8
23-9
26.7
28.3
27-2
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Table 2. Salinity at each site and total r alnfall at Cape
Canaveral.

Raini'all  mm!Salinity  ppt!

S2Z2 S1Year 5 Month Cape Canaveral

16

17

20

28

18

20

22

24

32
35

36

Mean   8/78-9/79 ! 16 34 30 34

10-28 28-38 18-38 25-38Range

1978 August
September
October

November

December

1979 January
February
March

April
May
June

July
August

10

12

13
18
15

20

18

16

38
38
36
36
38

28
32
32
34
32
35
34
36

35
32
38

38

38
36
36
34
38

25

33
34
38
30

35
34
37

32
88
56
16

103

178
32

39
19

142

116

85
228
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Correlations  Spearman Rank! of structural characteristics
of the fish communities found by Schooley �980! with
monthly salinity, median eater temperature and seagrass
density  S1 and S2 only!; » =  p   0.05!; «» = p   0.01!;
N = 12.

Table 3.

Site Structural

Characteristics

Seagrass
Density

Salinity Median Mater

Temperatures

0.65»Number of Fish Species

0 ' 40

0 ~ 52

-0.48

Il Fish Density

Fish Standing Crop-Energy

Number of Fish Species

0 ~ 70»»

0. 83»»

0.32

0.32I2 Fish Density

0.58»Fish Standing Crap-Energy

Number of' Fish Species 0.36

0 ~ 33-0 ~ 33

0. 27

S1 Fish Density

0,59»»Fish Standing Crop-Energy

Number of Fish Species 0.490.20

0.68»

0.72»»

S2 Fish Dens i ty 0. 15

0 ~ 32Fish Standing Crop-Energy

0 ' 53

-0. 02

0 ~ 07

-0.40

0 ~ 11

0.04

0 ~ 24

0.68»

0.45

0.68»
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Table 4. Net primary production entering the aquatic system at
site Z1; units given for each value, numbers in
parentheses are one standard error, N = sample size.

Site Il

Mangrove

7463Net production as litter into
the aquatic system  kJ ~ m 2 ' y !

Percentage of marsh covered
by mangroves

Net Production  kJ.m 2 ' y !

Chara

Net production in open
water  kJ.m-2 y-1!

873 �05!

4306Total marsh net production
 kJ.m 2.y 1!

Leaf area index

Leaf weight/leaf area  g/m !

Maximum standing crop  g/m !

Minimum standing crop  g/m2!

Percentage of open water

Net Production  kJ.m -y !

1 ~ 66 �. 47!, N = 50

180 �1!, N = 10

63. 98 �1. 66!, N = 5

0.0, N = 5

1648 �331!
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Table 5. Net primary pr oduction and standing crops of seagrasses at
sites S1 and S2; numbers in parentheses ar e one standard
error, N = sample size.

S1 S2

Maximum stand ing crop  g/m2! 75.83 �4. 37!, 116. 5 �0 ~ 14!
N = 5 N = 5

Minimum Stand ing cr op  g/m !

Net Production  kJ.m .y 1! �87! 3707 �20!

12. » �.4!,
N = 5

8.74 �.34!,
N = 5
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Z2 S2Taxa S1

1 ~ 6

0.8
0.6

0.2

Cnidarians

Nema tod es

Polychaetes
Gastropods
Bivalves

Ostracods

Copepod larvae
Calanoid copepods
Cyclopoid copepods
Harpacticoid copepods
Cypris larvae
Mysids
Amph ipod s
Car idean shrimp
Br achyuran lar vae
Larvaceans

Chaetognaths
Other taxa

0.2

0.5

0.8

'I. 0

2.8
0.3

21.0

0.3
2.0

0.2

12.0

0.6
2 ~ 70.2

0 ~ 7

1 ~ 7
0.2

1.0

0.2
0.2

0.2

5.6
0.3
1 ~ 0

01.0 1.0

0.2

0.5

1.2

0.2

2.0

1.0

3 ' 3
0 ' 2

0.8

15. 1

1.0

0.4
0.2

2 ~ 1

0.7

0.2

1.6

40. 0 5.1 12 ~ 3 33 ~ 2Total

Table 6. Mean standing crop of zooplankton  number per cubic meter!,
September to November 1978 at each sampling site ~
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81 S2Z2Taxa

0.6

1 ' 9

13. 0
1 ~ 0

Cnidarians

Ctenophores
Nema todes

Polychae tes
Gastropods
Bivalves

Ostracods

Calanoid copepods
Cyclopoid copepods
Ha rpac t i.co id c opepod s
Cypris larvae
Nys ids
Cumac cans

Xsopods
Amph ipod s
Car idean shrimp
Brachyuran larvae
Pycnogonids
Hemipteran exoskeleton
Mosquito larvae
Chaetognaths
Fish eggs
Fish larvae

Other taxa

0 ~ 1

25 ' 5
1 ~ 0

183.0
0 ' 2

6.1
2 ' 7

1.1

F 8

8.8

2.1

1 ~ 7

~ 92

0.7
3-5
9.1
0.4

1.0

0 ~ 1

1.6

4.6

1.2

2.4

0 ' 2

85.0
0.3
1.9

0.7
0.3

3 ' 9
3 ' 9

73.4
0.5
0.1

0 ' 3

5 ' 7
1.1

33 ' 9
0.1

0.1

0.7

0.2

0 ' 2

2.4
1.1

0 ' 2

0.4

4.0

2.2

0.4

0.7
0.1

1.0

0.1

1.0

1.3

0.8

0.1

0.3
0.43.0

74.0107.6 134.0197 ~ 9Total

Table 7- Mean standing crop of zooplankton  number per cubic meter!,
December 1978 to February 1979 at each sampling site.



I2 S2Taxa

2.8 0.6

15.7
34. o

1 ~ f

5 ' 7
0.8
1.9

Cnidarians

Ctenophores
Nema tod e s

Polychae tea
Gastropods
Bivalves

Oat rac od s

Copepod larvae
Calanoid copepods
Cyclopoid copepods
Harpacticoid
Isopods
Amph i pod s
Car idean shr imp
Brachyuran larvae
Chaetognaths
Fish eggs
Fish larvae

Other taxa

0. 01

17.6
0.6

0.2

f. 1

4.6

15 ~ 7
1.4

0.6
0 ' 2
0.8

282.3

0.3

1.1

1.0

37 ~ 1
5.0

6.4

152.8
0 ~ 3
1 ~ 7
0.3
0.6

3-3
1.9

56.4 2 ' 7

3 ' 5
1.4
1.1

25.8
2.4

0.2

0.9
0 ~ 5
0.6

51 ~ 9
43 ' 7

3 ' 9
0.2

1.7
0.2

0.6

3.0
0.3

0.6
0.8

0 ' 2

1 ~ 90,3

184. 5 98.3184.4339.9Total

Table 8. Mean standing crop of zooplankton  number per cubic meter!,
March to May 1979 at eaoh sampling site ~
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Table 9. Mean standing crop of zooplankton  number per cubic meter!,
June tc August 1979 at each sampling site.

Z2Taxa

48.4 4.7

1 ~ 3
0.8

127.8
1.1

2.4

8.6

0.5

1.6 7-5

1-3
64.6

4 ~ 1

0.2

3 ' 5
3+3

0.3
0 ' 2

4.7
1.1

14.8
69.3

0.5

12 ~ 3
1.1

1 ~ 1

3.8

0.9
1.80.40 ' 03

188.7 159.8 265.320.5Total

Cnidarians

Ctenophores
Nematodes

Polychaetes
Gastropods
Ostracods

Copepod larvae
Calanoid copepods
Cyclopoid copepods
Harpacticoid copepods

Isopods
Amphipods
Caridean shrimp
Brachyuran larvae
Hemipteran exoskeletons
Chaetognaths
Fish eggs
Fish larvae

Other taxa

0.3
9.1

21 ~ 2

0.9
1 ~ 4

4.6

0.2

16. 5
0.8
4.1

2-7
0.2

27.8
2.0

1-7

3.0

0.2

133.6
0 ' 5

9 ' 9
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Rainfall  mm!Salinity  ppt!
Year 4 Month

S2 Cape CanaveralI2 S1

3838141978 August 3235

883638>6 32September

October

November

December

36 56383617

34 163620

38 383828 103

1781828 25101979 January

33 322012 32February

March

JLpr il

3422 3932

3818 34 19

14224 303215Nay

116353220 35June

18 34 35July

36 2283616 37August

3434Mean  8/78 - 9/79! 16 30

25-3828-38 18-3810-28Range

Table 10. Seasonal comparisons of percent similarity of zooplankton
communities.
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THE SOCIOECONOMIC IMPACT OF KINGS BAY NAVAL BASE

ON THE COMMERCIAL AND NONCOMMERCIAL FISHERIES

OF CAMDEN COUNTY, GEORGIA

Mary Margaret Overbey

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
examines the impact of a newly constructed nuclear submarine base
on a rural, coastal community -- Camden County, Georgia. In 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 consequences, in terms of
demographics or revenues, more fully than the social consequences

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 l.!. 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-l.

The initial incoming population of 4,300 naval personnel and
dependents is greater than any of the existing towns i n 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 ~Count 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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Fiqure 2. Ap of' Caeien County sherina the principal tawns, Kings
Say Naval 3ase, and the Cumaer iand Sauna es:uary
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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 1800-19GOs, entire islands
were owned by wealthy families. Cumberland Island, the barrier
island situated off the Camden County mainland, was owned by
Nathaniel Greene in the 1800s and was later purchased by the
industrialist Andrew Carnegie in 1881.

Zn the 20th century, the barrier islands that had been
controlled by single-family estates were gradually transferred to
state or federal control. There were exceptions to this pattern,
for example, on St. Simons Island, the large estates were dis-
mantled during Reconstruction. The island was divided into smal-
ler holdings which were more easily acquired by post-Worl.6 War II
developers.

Also 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.
 Ove r bey 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
 NatiOnal 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 1964: vii!. 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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Figure 3. Land ownership map indicatlaI the 143aited urceat of land availabla
for ilenediata development. Not illustrated is the aaount of
ireahwater svalpa. Adapted from Riage Say Steerial Goeainee
�979I Nap 5!.
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Commercial F~ishin

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 to 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 also 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 is 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  Saks 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 ~ishinci

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 l979 and l980 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 l979 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 south 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. Fishing 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 quarts for a quarter to
contribute to the family's income.  Overbey 1982!.

The Im act of Base Develo ment

A study with striking parallels to Camden County is Baks and
Postel-Coster's �977! analysis of the impact of industrial
development associated with offshore oil drilling on traditional
fishing communities on the Scottish east coast. Development of
the oil 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 oil companies. This
predicition proved erroneous, however, as the fishermen continued
to fish  baks and Fostel-Coster 1977!.

The operation and expansion of the oil industry along the
Scottish east coast, however, has produced concern among fisher-
men. Access to developed fishinq 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 Fostel-
Coster 1977!.

Befu �980! reports a similar situation for the fishing
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 ll 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 operation requires continued maintenance
dredging due to the high sedimentation rates of the basin and
channels  Department of the Navy 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 dredqe 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 corn-
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 ~ates of ocean, estuarine and fresh ~aters, 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 reestablish 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
long-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
pollutants include increased oil, grease, and metals from storm-
~ater 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 1980b!.

The potential for nuclear contamination of the estuary is
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 1977a!. 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, ho~ever, argue that even very law levels of radia-
tion can have subtle adverse effects on marine life  Wolfe 1974;
Rice and Baptist 1974; Wilber 1969!. According to Wolfe �974!,
the introduction of radioactive wastes into estuaries could alter
the environment in four ways: "�! somatic damage  including
death! of estuarine biota; �! increase in genetic mutation rates
of population; �! increase in growth rate and maximum size of
organisms;  and! �! 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 proportion 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!.

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 baee of operations. This migratio~
was aided by technological innovations: boats became larger
 from 20 feet to 60 feet in length!; refrigeration for storing
shrimp for longer periods 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: �! by abandoning Camden
County as their home port and moving elsewhere; or �! 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. Zf 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 approach 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 benef it 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 far 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,OGO acres of state-owned beach, marsh, and
tidal creeks  Respess 1980, Southeast Georgian 1980!. Local oppo-
sition to this move was strong because residents feared the loss
of rights to utilize these areas for fishing, boating and
recreation.

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 Camde~
County, with commercial fishermen concerned 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 personnel who resided in Camden
County were interviewed in the summer of l980 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
fisher ies.

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 level
of .Ol, 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.

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 employment in some of the six coastal
counties  Carley 1968!. Penaeid shrimp harvests annually ac-
count for approximately 80 percent of the total value of all
commerical fishery landings.  McKenzie 1981; Georgia Department
of Natural Resources 1984!. The white shrimp, Penaeus
setiferus, is the focus of the shrimp harvest in Georgia, pro-
~9
1981!.

The geography of coastal Georgia is dominated by nine sounds
which are variable j.n 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 six of Georgia's nine sounds, these waters remained closed
from l977 until the fall of 1983, when these six 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
Division, 1200 Glynn Avenue, Brunswick, Georgia, 33.523-9990
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Period Criteria/Area Opened

All sounds closed from March through
July.

Early 1920's-1930's

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

Early 1950's

Early to mid-1960's Doboy and Altamaha closed, St. Andrew
and Cumberland open from mid-March
through mid-April and from June
through December.

Late 1960's All sounds could be opened in
January, Nay and from October through
December if heads-on shrimp count
55 per lb and from June though
September if < 45 per lb.

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

Early 1970's

Mid-3.970 ' s Commissioner of Natural Resources
authorized to open all but St.
Catherines, Doboy, and Altamaha
Sounds f rom September through
December if shrimp count <45 per lb.

Commis ioner of Na tu ra 1 Resources
authorized to open all but St.
Catherines, Doboy, and Altamaha
Sounds af ter evaluation of eleven
biological, environmental, and
socioeconomic criteria as specified
in O.C.G.A. Section 27 � 4 � 130
according to sound pr inc iples of
wildlife management, if shrimp count
<45 per lb.

1979 to present

*References heads-on shrimp count throughout table.

Table l. History of area openings for. Georgia sounds from 1920's
through the present.
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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 regular inshore fall
monitoring in years prior to and after 1977 utilizing Duncan's
multiple range test  Miller 1981!. 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!. Included 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 = 0 ' 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 drought 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 PoundsYear

1957 1971

1958 1972

1959 1973

1960 1974

1961 1975

1962 1976

1963 1977

1964 1978

1965 1979

1966 1980

1967 1981

1968 1982

1969 1983

1970

2,775,890

2,492,374

2,758g469

4,015,625

3,000,956

2,819,502

1,973,868

2,283,193

3,114,572

2,382,934

2,826,517

4,345,330

4,263,041

2,921,824

3,864,182

2,223,238

3,591,969

2t685,802

3,097,336

2,650,856

1,855,193

2,356,416

3,944,082

2,585,124

2g326,586

2,247,301

2g217p585
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warm fall interruped the natural fall emigration of large shrimp
from the sounds to offshore waters. Nark-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
following 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 19831!.
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,
biological, environmental, and socioeconomic criteria  Appendix
A! were evaluated as mandated in O.C.G.A. 27-4-130.
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EVALUATION OF O.C.G.A. and 27-4-130 CRITERIA

The abundance and size of the seafood s ecies in uestion..

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 compared 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 ersons 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-
six percent; Florida � six percent; and North Carolina � four
percent. Non-South 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 socioeconomic
impacts on the major component of the fishery. Allowing fishing
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Table 3. Average temperature, salinity, catch and siaa  heads-on! of white shrimp
caught during October assessment.

19831974 1977 1978 19811975 1976

Mean Pound/Hour

Mean Number/Pound - Heads-On

0
Mean Water T erature C!

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

2 Sased on assessment data and includes the following estuaries: Wassaw, Sapelo,
Altamaha, St. Simons, St. Andrew and Cumberland.

Creek

Sound
Offshore

Average

Creek

Sound

Offshore
Average

Creek

Sound

Offshore
Average

Creek

Sound

Offshore

Average

35.0
51.2

3.0

29.7

32.9

34.0

17.4

28.1

22.0

25.0

30.0
26.0

20. 0
20.0
20.0

20.0

54.0
16.9

4.5

25. 1

37.0

41.4
13. 3

30.5

24.0

25.0
31.0

27.0

22.0
22.0
22.0

22.G

49.4
9.9
2.9

20.7

36.0
36.2
18.6

30.2

21.0
22.0
28.0

24.0

17.0
17.0
16.0
l7.0

102. 6
51. 6

3.3

52.5

25.0
23.1
14.0
20.7

24.1
25.2
31.7

27.0

21.6
21.6
20 ' 9
21.4

85.4
83.7

6.0

58.4

25.3.
21.5
19.9

22.1

24. 9
26.9
30.5

27.4

20.0
2G.5
18.8
19.8

25. 6

29.2
8.2

21. 0

22. 7
21. 6
21.7

22.l

31. 3
31. 1
32. 6
31. 8

20. 0
19.7
20.6

20. 1

34.3

47.4
4.9

28.9

29. 7

24.9
22.3

25.6

27.0
29.8
31.2

29.0

23 ~ 1

23.2
23.2
23.2
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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 De artment'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 1b 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 lb landed in Georgia during the first week of
October, 49,784 lb �0 percent! were caught in South Carolina
sounds in 53 cumulative days fished while 49,767 �0 percent!
were caught in Georgia waters in 133 cumulative days fished.
Thus, an equivalent amount of shrimp was caught in South Carolina
sounds 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 lb/landing.
Opening the sounds to commercial trawling appeared to be the
mechanism to maximize biological as well as economic yield.

The uantit in terms of unds, and the value, in terms of
ollars o antici ate commercial landin s.

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 quanities
of shrimp commanding a strong, stable price appeared to be the
best method to maximize economic 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 lb for 36/40's  head-off! and $3.99 per lb
for 41/45'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 climatolo ical and meterolo ical data and influence
on water tern erature.

The environmental parameters of water temperature and salin-
ity are primary influences on adult shrimp emigration  Anderson
and I indner 1956; Pullen and Trent 1969; Schwartz 1977; Farmer
and Whitaker, 1978; 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 �4 ppt! recorded in associa-
tion with high abundance of juvenile and subadult white shrimp
trawled in estuarine headwaters.

The National Weather Service �983! 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 progression 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 histor of each seafood s ecies in uestion; the coastal
ecolo ical features irectl related to the li e histor of each

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 ~here
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 so 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.

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 upon the shrimping
industry.

The resources which influence or are influenced b the abundance,
~s atial, and tea otal variations in sea oo s acies.

CRD fisheries managers formulated a conditional management
strategy so as to minimize any adverse impacts on commercially or
recreationally important fish 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
�977-1982! 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



198

Table 4. hnnual landings* and percent contribution of hard blue crabs by gear, Ceorgia,
1950-1982.s*

Year Pot Trot Line X Di Met X TotalTrawl

2,662.6
3,936.4
3a060.1
1,538.0
2,091.5
3,965.0

875.7
659.5
598.8
283.5
174. 2
148.6
110.0
221.3
100.8

73.3

53.0
60.3
32.4
16. 2
19 F 7
36.9

10.3
7.4
5.9
2.2

1.1
1.2

0.9
1.5

0 ' 9
0.7

232. 1
151. 8
272. 3
298.2

372.7
544.5

580.0
970.4

87. 2
131. 3

44.1

2.7
1.7
2.7
2.4

2.4
4.4

4.7
6.7

0.8
1.3
0.5

29.7 0.6

+Landings in thousands of pounds.

ss1950-1977 froa Sholar �982! .
1978-1982 free Flowers  pere. come.! ~

1950

1951
1952
1953
1954
1955

1956
1957

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

1969
1970
1971
1972
1973
1974

1975
1976

1977
1978
1979
1980
1981

1982

1,320.0
1,055.0
lo987 ~ 7
5 ' 962.8
6,289.0
4,767.8
5,293.7
6,088.8
5,655.5
7,908.2

10,111.7
7,653.8
7,S17.9
8,022.3
2,859.4
2,964.7
4,102.3
4,140.4
2,229.1
3,469.9
4,386.S
5,224.1
6,145.7
S,S15.6
8,087.4
7,398.4
5,289.0
7,390.3

10,550.3
11,337.5
lOe013.8
12,950.4
12,327 ' 9

26. 3

16 ~ 2
21.0
62.9

59.1
44.4
62.0
67.9

55.5
62.4
64.1
62 ' 2

61.1
55.3
24.8
28.9
47.9
48.7
60.8

67.4
61.8

61.9
67.8
69.1
79.8
83.5
90.1
95.7
99.3

100.0

99.5
100.0

99.7

1,045.0
1,535.0
4,410.4
1,985.0
2,259.4
2,012.5
2,140.8
2,067.7
3,658.3
4,192.6
5,107.4
3,965.3
4,095.3
4,286.0
8,484.5
7,089.7
4,409.3
4,356. 1
le 439. 8
1,647. 2
2,705.7
3,211.4
2,913.9
2,468.6
2o 043. 6
1,466.8

583.6
331.2

78.0
0.0

46,3
6.4

42.1

20. 8
23. 5
46.6
20.9

21.2
18.7

25. 1
23.1
35.9
33.1
32.4
32.2
33.3
36.5
73.6
69.1
51.5
5l.3
39.2
32.0
38.2

38.1
32.2
30.9
20.2

16.5
9.9
4.3
0.7

0.0

0,5
0.0

0.3

5,027.6
6,526.4
9,458.2
9,485.8

10,639.9
10,745.3

8,542.3
8,967.8

10,184.9
12,682 ' 5
15,766.0
12,312.2
12>303.2
14,500.0
11,531.9
10,259.0

8,555.7
8,496.5
3,668.9
5,146.8
7,092.2
8,435.5
9,058.6
7>984.2

10,131.0
8,865.2
5,872.6
7 ' 721 ' 5

10,628.3
11,337.5
10,060.1
12,956.7
12,370.0
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of 23,000 pots were fished annually since 1978  National Marine
Fisheries 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
following 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 loss 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

d' «I

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  Sciaeno s ocellatus! are an infrequent by-catch in
~ ' ~' * ~ d 'd
in which trawling would have minimal impact on these species.
Species such as kingfish  Menticirrhus-sp! and flounder

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 ualit and other bio enic factors which influence

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

An other factors based on recent scientific and technolo ical

a vances which coul resu t xn a etter mana ement o Geor ia s
sea oo 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. Additionally,
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 ll
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 lb 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 �6/30 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 lb slightly
exceeded the ten year average of 571,074 lb. Sound catches in
December totaled only 36,343 lb 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/lb 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. *Prelirai-
nary, exc1udes white shrimp caught in Ceorgia waters and landed at
out-of-state ports.

White Shrim Landin s
TotalDecemberNovember

Of

Total

X Of

TotalTotal Lb.Lb.Lb.

5.6 4.5163 0.47,951

11.516,284

53,261

21,677

34,384

9.1

l3,851 37.637.4 38.1

16.421.0

26. 836. 9

3.6 5.68,665

20.4 100.0

100.0

142,222

$669,119 17.8

814,419 .

3 B66 06$

4 ' 680,487

178,565

89 983

Sounds

0 - 3 miles

ly072,548

Wassav

Oasabav

Sapelo

St. Simons

St. hair~

CumberlatLd

Total

Value

15.2 7,638

24. 2 13,401

6.1 1,290

79. 6 36, 343

82.2 $145,300

8,114

16,284

67, 112

29,315

47,785

9,955

178,565

$814,419
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Table 7. November and December spotted seatrout landings in Georgia by year for
1973-1983.

December Landin s

Pounds $ Value
November Landin s Yearl To tal
Pounds $ Value Pounds $ ValueYear

8182,1631973 709 26,783

16,135

9, 800

5,7903,0451974

6,170

8,169

1975 30, 774 12, 861

29,922 15,1891976

49 5894,839 15,906

2,470

1977

2651978 407265

8681,009308 957 4,9871979

1,276 171 297 4,2501980 495

198198 1,721 171 629 5661981

1,874 606557 4,754

5,781

171 4,994

5,722

1982

671 7382,032 2, 1301983

Total

Average 1 ~ 9801,411 12 ' 961 6,5759982,739

NOTE: Reported landings caught primarily by hook and line.

2,355

4,217

2,668

1,927

5,298

6,460

3,665

1,092

1,856

2,978

1>904

8,517

1,513

4,199

3, 358
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some 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 Florida 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 cold 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 socioeconomic 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 �4 percent! were sold to Georgia residents.
Georgians accounted for 804 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 production of 1,055,264 lb exceeded the ten-year
average �89,848! by 32 percent. December landings of 488,980 lb
were 70 percent above the 286,917 ten-year average. Based on an
average $.16/lb, 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 lb 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 lb �1 percent! of the gamefish caught were
flounder. Results of recent life history studies conducted by
DNR biologists on recreationally important finfish suggest creel
size summer flounder  two years and older! generally emigrate
from Georgia's estuaries. Also, tagging results from this study

d t ' ~l ~ I b
underharvested by recreational ang ers in 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 ll November further suggest the negligible impact
of trawling in the sounds on recreationally important finfish
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 lb and 125.75 lb 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 regulate 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 biology, 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-l30. Factors governing decision to open or close salt
waters; of opening or closing of water.

 a! @hen 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:

 l! The abundance and size of the seafood species in
question;

�! The number of persons licensed to take seafood;

�! The department's forecast for commercial catches;

�! The quantity, in terms of pounds, and the value, in
terms of dollars, of anticipated commercial landings;

�! The available climatological and meterological data and
influence of water temperature;

�! The life history of each seafood species in question;

�! 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;

�0! The water quality and other biogenic factors which
influence sound wildlife research and management; and

 ll! 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 CONSUMPTION AND MERCURY

CONTANINATION 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
deposi tion  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 NcKinney 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, C6H5Hg and  C6H5!~Hg, is moderately
toxic and exhibits a short retention time in %issue, but it is
rapidly transformed by the bo y, 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 o Biology an Marine Science, Jacksonville University,
Jacksonville, Florida 3221l
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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. Nobility characteristics of an
organism may limit the amount of time spent in a contaminated
region. The temperature of the water in a contaminated zone vill
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/1  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!.
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NKRCURY

0.20 ug/1CLASS I Potable Water

Shellfish Harvesting O.lO ug/1CLASS II

Recreational WatersCLASS III

Narine

Fresh
0 ' 10 ug/1
0.20 ug/l

Public susceptibility to mercury contamination is largely
determined by their fish consumption patterns. Fish consumption
is 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 also 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. In some instances, the target population
purchases fresh fish from local vendors. In most cases, however,
the high-risk individuals fish regularly 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 population, 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

Table 1. Water quality criteria for mercury as established by
the Florida Department of Environmental Regulations,
Chapter 17, Paragraph 3.
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Figure l. Map of the St. Johns River showing the 15 interview sites.

Location

l. Bert Maxwell Park
2. South Main Street
3. North Main Street
4. Broward River Bridge
5. Dunns Creek Bridge
6. Dunns Creek Bulkhead
7. JEA Northside Qen. Station
8. San Carlos Creek Bridge

9. Blount Island Old Bridge
IQ. Browns Creek Bridge
ll. Clapboard Creek Bridge
12. Milton Drive
13. Sisters Creek Bridge
14. Haulover Creek Bridge
15. Huguenot Park



217

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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SPECIES REASON FOR SELECTION

8th highest commerical tonnage;
Carnivore � feeds on smaller
fish and shrimp; potentially
high bioaccumulation;
significant human consumption.

 Spotted Sea Trout!

'l ce halus
 Stripe Mullet!

Highest commercial tonnage;
Omnivore � feeds on detritus
and deposits; significant
human comsumption.

20% of spring harvest;
Carnivores � feed on small fish
and shrimp; use estuary as nursery;
pool dwellers; significant human
consumption.

{Croaker!
Leiostomus xanthurus

 Spot!

Callisectes ~sa idus Year round resident crustacean;
Omnivore � scavenger � feeds
on plant and animal material;
significant human consumption
from commercial and recreational
sources-

 Blue Crab!

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.S.! 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 sites on
the north side of the St. Johns River. The participant. profile
shown in Table 3 summarizes the results of the interviews. The

Table 2. Species sampled for mercury contamination and criteria
for selection of each species.
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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,l62 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

~ ~ ~ ~ » b

Mercury analysis  Tables 6 and 7! showed a worst-case of
1.00 ug/g in catfish. The reported worst-case for water quality
in the St. Johns River was 0.50 ug/1  U.S.G.S. data!.



220

Table 3. Profile of individuals interviewed, and meals per week
at which river fish/shellfish were consumed.

PARTICIPANT PROFILE

Average Median Range

36.00Age

3.00

1.00

Family Size

No. of Meals/Week

40.20 + 12.20

3.40 + 1.50

1.40 + 0.69

12.00 � 79.00

1.00 � 10.00

0. 25 � 7.00



221

0'inure 2. A oompar ison of the population intervi ~ wed and the
number of meals of fish consumed per week.

.25 .50 75 1.0 l.5 2.

NOR OF KlLShrEEK
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Table 4. Distribution analysis of interview information.

INTERVIEW ANALYSIS

Location

1. Bert Maxwell Park

2. S. Main Street

3 ~ N. Main Street

20 42 60

27 14 68

29 108 125 19

4. Broward River Bridge 35 46

5. Dunns Creek Bridge 34 6548

6. Dunns Creek Bulkhead 16

7. JEA Northside Generating Station 18

8. San Carlos Creek Bridge 28

9. Blount Island Old Bridge 46

28

22

305 36

36 121 20141

29 6445

22

26 51 73

20

1, 203 88807

10. Browns Creek Bridge

ll. Clapboard Creek Bridge

12. Milton Drive

13. Sisters Creek Bridge

14. Haulover Creek Bridge

15. Huguenot Park

TOTAL

No. of

No. of No. of No. of Repeat
Trips Interviews Fishermen Interviews
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Figure 3. Fishing population estimate.

 No. Interviewed!  No. Interviewed-last Sample!
Population =

 No. of Repeat Interviews!

 807!  807-26!
88

7,l62
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Table 5. The distribution of species caught at each of the 15 interview sites.

CRKH ARLLYSIS

Organism 10 12 13 14

103

6

61

204

665
33
44

0

82
98

69
121

55

81

155
144

10

2

0

10

562
181

267

1, 968
0 23,320

Bass

Blue

Brim

Catfish
Croaker

Drum

Flounder
Nullett

Sheegehead
Spot
Spotted Trout
Nhiting
Yellow ~th Trt.

Yellow Tail

Crabs
Unidentif ied Spp.

31

4

5

46
165

4

13

0

1
8

16

0
9

0

98
2

0 0 0
25

44 3

12 1

18 2 3 3 6 6 4

26

0
12

74

95

10 0
13 4
19

30 1
16

16

12

25

38
9

6

77
183

16

9
1

3

85

75
ll

6
31

35
19

7 0 0
10

16 7 1
0 0

10 1 0 6
15 0 4

1

0

0

10

0

100
0
0
1

0

0
0

0

88
8

110

44

65

988
2518

98

23

7

41

676

151

245
72
90

243

75

143

80

58

241

941

60

40

0

97

562

359
37
31

97
150

76

28

6

60

86
367

13

8
0

7
219

75
30
18

79

14

20

35

2

0

5
0

5

22
0

2

0

30

2
20

0

0

18

12

17

0

172

192
20

0
0

3

139

23
36
19

309
15

20

16

ll 0

17 0 1 1
0 0
0

26

0 0
0

15 1

0 4
0 0
0

54

0 0 0 0 1

270

266

33

241

1,835
1,705

486
256

728
831

424
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Table 6. 1983 Mercury concentrations in prominent species.

MERCURY CONCENTRATIONS IN ST. JOHNS RIVER FISH � 1983

No.

Croaker

Spot
Yellow Trout

Spotted Trout
Crab

4

51

11 5
11

Maximum
Concentration

 uq/g!

<0.01

<0.01

0.14
<0.01

0.03

Average
Concentration

 ug/g!

<0.01

<0.01

0.06

<0.01

0.02
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Table 7. 1984 Mercury concentrations in prominent species.

MERCURY CONCENTRATIONS IN ST ~ JOHNS 1984RIVER FISH

Max imum
Concentration

 ug/g!

Average
Concentration

 ug/g!
No.

Blue Crab

Jacks

Yellow Trout

Spotted Trout
Catfish

Bluefish

Flounder
Spot
Red Bass
Mullet

116

17

19

13
20

3

2
83

2

27

0.23

0.76

0.37

0.23

1.00

0.57

0.10
0.36

0.24

0.31

0.12

0.46
0.17
0.13

0.52

0. 50

0.09
0.10

0.19

0.21
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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/1  Sittig 1980!. Mercury
levels of 0.50 ug/1 were found in water samples from the St.
Johns River. The U.S. 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 of 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 bioaccumulation, 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/1, 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 bioaccumulation
factor of 6,200 and water quality data  maximum of 0.50 ugHg/1!
 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.

Mercury Concentration in Fish
A. Observed Bioaccumulation Factor

Mercury Concentration in Water

1.00 uq/g

0.5 ug/1

1,000 ug/kg

0.5 ug/1

2,000

B. Potential Bioaccumulation Factor:

Published Range = 900 - 63,000  Sittig 1980!
Adopted Average = 6,200*

C. Observed Worst-Case Contamination =  Highest Mercury Concentration
in Fish!  Highest Fish Con-
sumption/day!

�.00 ug/g! �00 g/day!

200 ug/day

D. Potential Worst Case Contamination = Water Concentration  Potential
Bioaccumulation Factor X Highest Fish Consumption/day!

=0.5 ug/1 �,200 X 0.2kg/day!

= 620 ug/day

*The bioaccumulation factor for fish and shellfish has an estimated
value of 6,200  Sittig 1980!.
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COLONIZATION AND UTILIZATION OF A CONCRETE ARTIFICIAL REEF
OFF THE GEORGIA COAST BY INVERTEBRATES AND FISHES

Natthew R. Gilligan

Introduction

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!. Tn 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 coastal 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  Nolles 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. l985!.

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. In 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. �982! showed that
artificial reefs can change the composition and density of

Narine 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 of fishes on
natural reefs to that of artificial reefs. Natural 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. Ho~ever, most of these studies  see Bohnsack 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 questions 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.g.
Snapper Banks! and 18 miles offshore in the 18-21 m isobath range
 e.g. Gray's Reef National 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 l4 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 offloaded from a barge in the
area of an already established artificial reef  reef 'J.'; 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 Atlantic Bight. This report summarizes an effort to
develop techniques for monitoring the colonization of the reef by
invertebrates and fishes.



233

Methods

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 loading 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 �00 m at 120-130 degrees magnetic from the maintenance
buoy! of the Georgia Department of Natural Resources artificial
reef 'L' which is located 20 nmi  nautical miles! ESE of Wassaw
Island, Georgia  Figure 1!. 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
assessment of fishes was done, and close-up underwater
photographs of co~crete 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 fo» 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 outside, 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

Inverteb»ates

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 l.
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!.

Af ter the first month, hydroid colonies had grown to l cm in
height, and the caLcareous tubes of serpulid worms were detected
on concrete surfaces. After the second month, the serpulid worms
vere 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 overgrovn 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, octocorals, and asteroidean 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 observed 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! vere 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 grovth 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. Nore 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, crustaceans, anne-
lids, echinoderms 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.
Minter sea temperatures at this site, which is near the innerj
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, did 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 soapfish! 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 L3 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 assessment 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.

Biological studies of artificial reefs coupled with
oceanographic, hydrographic, and climatological information are
necessary to predict and understand the processes 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.
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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.

mxdDate mxs mns

11.0 14 4.1 2.3

6.1 1.88.7

4.9 10.8

15.2

1.3

4.3 1.5

4-29-83

5-29-83

6-25-83

8-09-83

3.23

4.89

5.13

6.84
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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
centimters.

Centr ristis striata

j�-5! j�&! aa�0!

Haemulon Aurolineatum

tantate

2.

a�8!

3.

a�2!

4. Deca erus ~nctatus
r

5.

rode sea bass

6.

j�-7! a

UrcCIv~sis earli
Caelina hake

7.

8.

9.

a�5!

10.

a�5!

Di odua holbrooki
a�5-20!

12.

�-7 !

13. Holocentrus sp.
�!

14. Calams leucosteus

~iteEione porgy a�0!

Hali~res bivittatus15.

Stenotceus caprinus
lcegspine porgy

Quetodi erue faber

At etre soa frsh

Bali tes ca iscus
gray trigger iah

Rg& icus maculatus
whrteepottsS aoaDf reh

4/29/83 5/29/83 6/25/83 8/9/83 9/9/83

j�-5!
a�5-20! a
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Table 2 continued:

16.

18.

Sp~=ies

17. Stentcxms Wry~so
SCUP

19. &eocanthus hi idus

p~P

20. @hgrraena barracuda
great barracuda

~429 83 ~529 83 ~625 83 +8~9'83 ~9~9'83
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Figure I.

Hay of the Georgia coast shoving the location of Georgia Department of
Natural Resources hrtificial Reef 'L' at 31 45.4N and 80 36.5 V near the
2Qm 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 MULLETT MUGIL CEPHALUS L.

Frank G. Nordlie

Introductions

No teleost fish group more fully typifies the euryhaline
canditiOn than the mulletS  family Mugilidae! which are ubiqui-
tous in coastal marine and brackish waters, and frequently in
connected fresh waters, throughout 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, i ucuil ~ce halus L. The present paper
will explore some of the environmental problems facing this
species through its life history in coastal waters and salt
marshes of southeastern United States.

Based on information contained in reviews of Breder and
Rosen �966!, DeSilva �980!, and supported by the extensive work
of Kilby �949, 1955!, MucCil ce halus populations spawn offshore
in marine waters where the zygotes evelop 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
Florida and Southeastern Georgia, Mu il ce halus is certainly a
species whose environment stands to e altere by such cultural
activities.

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

Onto ensis of Osmotic Re ulator Ca acit

Juvenile individuals of N~ru il ~ce balue 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+ 2oC 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 blood sampling
was carried out.

Osmotic concentrations were determined using a Wescor model
51008 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. �982!. Lengths are
expressed as standard lengths  SL!.

Osmotic Re ulation as Influenced b Environmental Tem erature

Groups of individuals averaging ca. 18 gm in body mass
 roughly 10 cm SL! were collected, usinq a cast net, from sai.t
marshes adjacent to the Matanzas River near the Hhitney 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 �4.5+ 1 /oo! and the photoperiod �2L: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 14-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 blood to flow into heparin-
ized  ammonium heparinate! collectinq 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
�976!.

Res irator Demands as Influenced b Variations in Environmental
Sa snatches

Individuals ranging in body mass f 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 + 1 C 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 02 pressure were male using a
Radiometer pO> electrode. The techniques were applied as
described by Aordlie and Leffler �975!.

Individuals utilized in all parts of the work were fed
Tetramin R and all statistical procedures utilized followed Sokal
and Rohlf �969!.

Results

Osmotic Re ulator Ca abilit as a Function of Bod Size

Determinations of osmotic regulatory capacity of juvenile
maui 1 ~ce halus vere carried out over a range of sizes from 25 mm
to 105 mm  SL! af ter laboratory acclimation to 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 �5 and 35 mm SL
groups! did not survive the acclimation to fresh water, so their
osmotic regulatory characteristics are represented only for
salinities of 5% sea water through 100% sea water. Individuals
of larger sizes �5 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 to 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 Re ulation as Influenced b Environmental Tem erature
Variations

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 l.

Plasma osmotic concentrations  mOsm/Kg! as functions of ambient
salinities � of full sea water! for juvenile Nu il ce halus of a
series of lengths  SL in mm! tFrom Nordlie et a ., 1 !.
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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 Cl and in the total
plasma osmotic concentration as the acclimation temperature was
sequentially reduced in 5 C steps from a high of 30 C to a low of
10 C. One can also look at these alterations in the opposite
way, following the increases in Na and Cl and plasma osmotic
concentrations with increases in acclimation temperature. No
significant alteration was found in K concentration with altera-
tions in ambient temperature.

ands as Influenced b Variations in Environmental

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 Nu il ~ce halus
 Hordlie and I,effler 1975!. In that study we assume 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 regulatory processes. A summary of the
thermodynamically minimal energy demands of the ionic transport
process is as follows  Lehninger 1971!:

C2
G = RTln

Cl

~here R is the molar gas constant �.984 cal/ -mol!, T is the
absolute temperature, and C2 and C> are the molar concentrations
of a specific ion being transported from 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 blood ionic and/
orosmotic concentrations.! This is what we found to be the case
in N~u il ce halus with respect to the overall osmotic concentra-
tion as can e 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

Acclimation

Tenqerature   IC!
Plasma ?on Concentrations
Na' K Cl

Plasma Osmotic
Concentration mug

10.7158.8 138.8

10 0.8 323S.E. 0.9

12 1212

X 164. 2 142.07.7

15 0.6 335S.E. 2.0 1.6

N ll

X 166.9

S.E. 1.4

8 39

10.3 144.8

20 0.3 3410.5

39 39

X 176. 3

S.E. 2.2

N 23

155.16.8

1.625 0.8 364

23 23

X 178. 0 158. 210.5

30 S.E. 2. 2 2.10.5 378

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

 Free Nordlie, 1976!
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Figure 2.

Oxygen uptake  ml of 02/gram/hour! as functions of ambient
salinity  mOsm/1! in juvenile Nu il ce halus acclimated to the
test salinities �5 + 1oC!  re rawn rom Nordlie and Leffler,
1975!.
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altered ambient salinities as was later pointed out by Nordlie
�978!. 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.

Discussion

Meither the zygotes nor newly-hatched fry of M~u il ce halus
are truly euryhaline. Sylvester et al. �975! demonstrate that
the optimal salinity for development of embryos of striped mullet
 incubated at 19.5-20.5 C! was 30-32 /oo, with less than 50%
survival at salinities below ca. 29 /oo. No upper salinity limit
was set in that work. Lee and Menu �981! looked at both ends of
the salinity spectrum and demonstrated better than 50% hatching
success at salinities ranging from 15 to 55 /oo. However, the
optimal salinity range �2-22.5OC! was found to be from 30 to
40 /oo with the peak at 35 /oo. While there was good hatching
success outside of this range, many anatomical anomalies were
noted in the developing embryos.

Sylvester et al. �975! found that the optimal salinity
range for the survival of newly-hatched larvae was lower than
that for egg development, at 26-28 /oo. The range of salinities
within which there was 50% or greater larval survival was roughly
from 25 to 35o/oo. This was interpreted to indicate an adapta-
tion to an estuarine environment in the larvae.

Obviously salinity tolerances of M. ce halus extend over a
wider range  at least toward the more dilute en of the scale! in
the older and larger juvenile stages evaluated here  >25 mm SL!.
Kilby �949! 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 sequence 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
 Mcparland 1965; Gunter 1967!, and that individuals of ca. 10-
15 cm SL are already capable of tolerating salinities of at least
1.6 K sea water  ca. 55 /oo!  Nordlie and Leffler 1975!, this



Table 2

METABOLIC RESPONSES TO ALTERED SALINITY ZN TELEOST PISHES

 After Nordlie, 1978!

Response

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.

II.

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.

!I!.

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.

IV.
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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 isolated 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 �953!
published one of the early classics in this area demonstrating
that salinity tolerances were altered as osmotic regulatory
ability of a species was influenced by environmental temperature.
Prosser, Mackay and Kato �970! 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 regulatory systems
functioned less weil 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!. Umminqer  l971! 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 �970! 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
M~tu il ~ce halus 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 heterociitus and P. grandis

fresh and in marine waters. Hordlie speculated  Nordlie 1976!
that the response pattern observed in M. ~ce halus 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 �982! provide indirect sup-
port. They demonstrated adjustments in respiratory, ventilatory
and hematological patterns in mucril ~ce balue 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 Mu il
ce halus acclimated to hard freshwater were not significant g
altere at acclimation temperatures ranging from 30 C to 10 C.
Tentative conclusions are that, while Mu il ~ce balue is obviously
capable of tolerating a wider range of am ient temperatures than
that utilized in the present study �0 C-30 Cj, 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 C on down toward 0 C, and from
30 to 35 or 40 C should also be investigated. Whatever
additional information these extensions might provide, it is
already clear that M~u il ~ce halus 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 MucCil ce halus that these smaller
individuals would be more stresse by abnormal temperatures or
salinity temperature combinations than would larger individuals.

There are some data in a study by Carr and Giesel �975! 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 M~u il ce halos, and also serve as receiv-
ing waters for the effluent waters rom 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. ~ce balue and M. curema! remained roughly as
abundant as in a control area. an uun~ Pected creek. One aspects
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. Zt would be expected that
individuals of M. ~ce halus would be more vulnerable to the
effects of elevated temperatures and less to those of reduced
temperatures than would those of M. curema. This conclusion is
based on the work of !4oore 	976! who concluded that M ~ce halus
is more of a temperate-subtropical form and M. curema as more of
a tropical form based on a comparison of ranges' temperature
tolerances and of geographical distributions of the two forms.
Moore agreed with the conclusion of Liao, et al. �972! and Nash
and Kuo �975! that the optimal range of temperature, including
for spawning, in M. ~ce balue 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 concert, 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
M~u il ~ce halus  Nordlie and Leffler 1979! shows this species to
have lowest respiratory oxygen demands  and, we assume lowest
total metabolic demands! at ambient salinities roughly equivalent
to the blood plasma concentration  at 25 + 1 oC!. 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/ionic 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 �976! who found
juvenile Nucril ce balue to have lower food intakes, greater
growth rates an higher conversion efficiences at brackish
salinities. However, while food intake was least and conversion
efficiency was highest at an ambient salinity of 10 /oo, highest
growth rate in their study was attained at an ambient salinity of
20 /oo, but only with an unlimited food supply. On a restricted
ration only the individuals in an ambient salinity of 10 /oo
survived. An ambient salinity of 10 /oo is roughly equivalent to
the average plasma osmotic concentration of this species. The
results of a limited investigation by Marais �978! of the
influences of a series of ambient temperatures on the routine
metabolic rate of juvenile ~Mu il ~ce balue at salinities of 1 /oo
and 35 /oo 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 /oo and 35 /oo media, but at ambient
temperatures of 28 and 33 C, metabolic rates were depressed at
both environmental sali nities. This again suggests that M~u il
~ce balue, 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 M~uil ~ce balue 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-
pand to salinity alterations and that most species show some
respanse 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. ~mu il ~ce halus is a species showing the latter pattern of
ontogenetic 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 life cycle of this species are in embryonic and
larval development through the time that the juveniles reach a
size  or age equivalent! of ca. 55 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 N~u il ~ce balue, perhaps because of the actual and
potential economic importances of this species, much yet remains
to be done. Also most species that have little obvious or direct
economic 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 assessment of
possible biological alterations that might be produced by such
cultural alterations.
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A SURVEY OF THE WEST INDIAN MANATEE,
 TRICHECHUS MANATUS!,

ON THE LOWER ST. JOHN'S RIVER

James A. Valade , Kim I. Miller , A. Quinton White

INTRODUCTION

Manatee presence in Northeast Florida has been documented
since 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 Valade 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 1!. There are two
thermal outfalls on this site: the main discharge and the south
discharge. Both were monitored from 30 December 1983 to 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 into the river.

To document the number of manatees present within these
discharges, manatees were individually identified by means of
their distinctive scar patterns {Noore l956; Hartman 1971;
Powell and Waldron 1981!. 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
as a means by which to examine temperature effects on manatee
presence and absence.

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

A total of 668 manatee sightings were made during this
study. Of 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 �.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 Multi le Si htin s

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.

1n 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 �5.3%!  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 January were fewer in the number
than those resighted in April, as would be expected.

The greatest number of newly identified individuals occurred
in April; numbers vere elevated in January, March, and April,
with the fewest number of new sightings occurring in February.
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Figure 2 . 3Jumber of Manatees Sighted at the Main and South
Discharges of the Kennedy Generating Station, 1984
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PLgure 3. Number of Manatees Sighted at the Southside Generatin
Station, 1984
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Figure%- Individual Sighting Frequencies for Both Generating
Stations
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Movements

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

Manatees BC110 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 �981! noted that male manatees appear to travel
greater distances than females: manatees PE82 and BS50 appeared
in Jacksonville accompanied by calves, demonstrating that long
distance migration is not restricted to 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.

Tem erature Effects

Manatees are known to congregate in warm water areas during
periods of cold weather  Rathbun et al 1983!. Zn 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 February
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
regression 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
�982!, 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 �983!. 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 correlation
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 3l resightings of one individual over a 77 day
period. Kinnaird and Valade �983! describe twelve individuals
being resighted on as many as six occasions over a 65-day period.

Resighted animals also demonstrated greater movement between
the two power plants. Kinnaird and Valade �983! documented
eight movements by eight individuals between the two plants. Zn
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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Kennedy Water Temperatures

Amb � 24 hour average
MD � 24 hour average
SD � 3 hour average

Southside Water Temperatures

Zl � 2 hour average
Z2 � 2 hour average
Z3 � 2 hour average

On-site Water Temperatures  SATMS!

MD � 3 hour average

Air Temperatures

NOAA � 8 hour average
On-site  SATYRS! � 3 hour average

Kennedy

Manatee Total � all manatees

Southside

Manatee Total � all manatees

indiciates data not collected
all zero values indicate a verificationO ~

Table l - Cumulative Temperature and Manatee Data
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Previously observed trends in the Jacksonville 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.
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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
Zakes, 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, floods, 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 important pathways of transportation to
connect inland commerce to ocean shipping.

5! They are aesthetic mixing pots, attracting people who
support a burgeoning 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 Carolina. In 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
fisheries7

Un versity o 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:

l! Nutrient loading, with its complex interrelationships of
form, fate and timing.

2! Control a~d 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 publi~c is often inadequate to
effectively involve them in a management program.

Research Needed To Kana e

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. l984! 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 protocol, suggested some research
directions necessary to better understand estuarine functions.
Asessment ofproblematic needs resulted in five basic categories
of research.

Mater Mana ement and Estuarine Productivit

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 quantity, 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 question.
We need to know the quantitative 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!. In an attempt to summarize the
magnitude of river inputs to various coastal areas of the United
States  Figure 1!, Nixon �981! 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 Mana ement and Estuarine Productivit

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
sediment accumulation and habitat type.

Although soil erosion rates have been reduced by soil con-
servation practices, our estuaries are still feeling the effects
of the earlier high erosion rates. A large percentage of the
sediments eroded from the uplands of the southeastern United
States since 1700 is still being released to the estuaries by
flooding  Schubel 1984!. These waves of sediment inputs to the
coastal zone have resulted in vast changes in some of our estua-
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Figure l. A rough approximation of the f1ux of fresh mter
fran Inajor rivers along the coast of the coterminous
United States  fran 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 Productivit

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. l984!.
Enough information is available to construct a summary of annual
nutrient inputs and phytoplankton uptake  Table l!. 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 95'4 of its nitrogen and 88% of its phosphorus
from recycled nutrients  Kuenzler et al. l979!. 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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Figgre 2. Time history of the area of the Colorado delta,
Texas  from Ward and Armstrong 1980!.
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TABLE 1

Precipi-
tation

Pamlico

Sound

Water-

shed Total

Input Nitrogen

Input Phosphorus

Algal Uptakes

Nitrogen

Phosphorus

% Uptake from Recycling

286522 598 1,406

331 825477

27p091

7,012

Nitrogen

Phosphorus

95%

88%

Annual Nutrient Inputs and Algal Uptake  tonnes/year! in the
Pamlico River Estuary, North Carolina  from Kuenzler et al.
1979!.
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Cou lin of Primar and Secondar Productivit

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 ecological efficiencies of individual food
chain pathways remain unresolved. Food chains in estuarine
ecosystems are connected quantitatively 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 quality 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!. In 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
fish 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 Re uirements 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. 1983a!.
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 questions 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, vulnerable 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 Famlico Sound, North Carolina, it
has 56% of the state's total estuarine area and produces 78% of
the total inshore catch  Table 2!. ln 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 involved. Therefore, we
need to address the situation of integrating technology with the
socioeconomic and jurisdictional questions of management.

Jurisdictional 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

Albemarle
Sound

Pamlico
SoundParameter

Area  mi2!

% State Total

Catch �,000 lb!

'% Total Inshore Catch

Value  $1,000!

4 Total Inshore Value

940 2,000

56%26%

71,43013,200

78%14%

1,981 26,182

73%

Distribution of 1980 Commercial Fisheries Catch and Value,
Albemarle and Pamlico Sounds, North Carolina  from Copeland et
al. 1984!.
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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 Carolina Division of Wildlife Resources 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
regulations and have management goals that are sometimes in
conflict with the goals of state or local governments. All these
responsibilities 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 to 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 wate~
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 developed 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.



290

Social and Institutional Im lications

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 also 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
issues has rapidly increased, there is a great need for improve-
ment of the social and institutional climate that will allow the
manifestation 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:

l! 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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5! To develop a means to increase the harvest of fisheries
products.

6! To improve the economic return of land around 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 Ft. 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 some 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 development 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.

IIX. Nany 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
l564 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 Southern Georgia. He
then pushed on to 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."

Nany 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. Nary'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 look at the federal legislative picture for a few
minutes.

V. Coastal Zone Nana ement Pro rams

Perhaps the biggest challenge ta 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 dangerous red ink; and environ-
mental proqrams are now a target of the Administration's budget
advisors. The major grant programs of the Coastal Zone Nanage-
ment Act of 1972 have been repeatedly scheduled for substantial
reductions and orderly phaseouts by the Reagan Administration.
These programs fund projects to mitigate the impact of offshore
oil and gas development 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 Nanagement 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 Nanagement Grant Programs
since 1972.

The office of Coastal Zone Nanagement 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 Le islation

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  OCS! 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 Outer 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
Outer 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 Outer 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 Federal 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. Consistenc Le islation

ln January of last year, the Supreme Court held that sales
of offshore oil 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 coastal States affect-
ed by the sale of leases must determine such sales to be consis-
tent in advance of leasing activity.
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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 funda.

VIII. Coastal Barrier Protection

Perhaps the greatest single legislative accomplishment 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 l982.

In that legislation, Congress prohibited for the first time
the sale of Federal flood insurance after October l, l983 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 inclusions is logical and proper and I
supported these needed inclusions.

Coastal barriers are generally defined as elonqated, 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 ua 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 propagation along the Gulf Coast of Florida. In 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.

IK. Non-Point Source 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 Valle 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 St. 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 Commission 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
visit 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 quality 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 reviewinq 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 vill
have the written record of it: To summarize what happened; to
note what did not happen; and to indicate where we go from here.

This section might appropriately be sub-titled "A synopsis
of the fish-habitat story." Zn terms of format ve 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 drainaqes
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

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

l. Economics. This region yields economically valuable
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 quantified
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. Fishery 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 oyster 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 issues, and are able to both explain the struc-
ture and function of natural systems  e.g., salt mar-
shes!, and demonstrate successful research that antici-
pates and answers practical management questions  e.g.,
shrimp fishing!.

Sixteen contributed papers then addressed issues such as
water quality, pollution, 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 fabric.
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6. Pinpointing localized pollut,ion problems.

7. Reviewing how research and management interact.

8. Concluding that fisheries and habitat have declined in
overall quality, 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 Pers ective

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.

Zn 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 �5%! to
settle on the coast, while Georgians  80%! reside inland. Despite a
smaller population base Georgia supports a larger commercial fishery,
based largely upon shrimp. The Florida 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 l970 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
1!. 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. In 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'

Missin Parts of the Record

Subject-vise, 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 economic "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 Fish 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.

hrrenda for the Future

Finally, it seems that there are at least five action items
for conference follow-up. Xn 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.
Zn 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 mare
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.



303

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. In 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.

5. 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 inta action.
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Comparative resource statistics for Atlantic coastal
areas of Georgia and Northeast Florida 1984, with
selected statewide data.  Compiled from individaul
conference papers.!

Table 1.

Northeast

FloridaGeorgiaFactor

Recreational Fishermen 60,000-280,000

Commercial Fishery
Landings

Finfish $600,000 S4,600,000

Shellfish

Major Habitats
$18,000,000
Marsh, sound

Statewide Coastal Data

20'IL

Since 1970:

<300 acres
Last 2 years:

7,500 acres

Organization of
Management Streamlined Complex, more local

controls, many broad
issues

Significant Mostly private
public hold-
ings

Waterfront Ownership

Coastal Counties

Coastal Population

Recreational Boats

Population on Coast

Habitat Loss

350,000

22,000

1,100,000

50,000

S9,600,000
Marsh, mangrove,

lagoon
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GROWTH

SCHEDULE OF EVENTS

Wednesday,
January 23

8:30 A.M.

9:00 A.M.

9:45-10:00 BREAK

10:00 A.M.

10:00-10:20

ll:00 A.M.

12:00 P.M. LUNCH   on your own!

1:00 P.M.

1:00- 1:20

Thursday,
January 24

8:00 A.M.

10:20-10:40

10:40-11:00

FISH HABITAT SYMPOSIUM:

IMPACTS ON COASTAL N.E. FLORIDA AND GEORGIA

EARLY REGISTRATION � Thunderbird Hotel Lobby
�:00-5:00 P.M.!

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, Florida Sea Grant
College: "Review of Regional Fisheries Resources.
Values, Trends, and Ties to Coastal Habitats and
Human Development Activities"

CONTRIBUTED PAPERS, SESSION I � G. Warren Leve, U.S.
Geological Survey  Retire !: 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 Ekherg and Gene Huntsman,
Natronal Harms fisheries Service: "Offshore
Fisheries � Issues and Impacts for Florida and
Georgia: Trends and Relations to Wetland Systems"

CONTRIBUTED PAPERS, SESSION II - Quinton Whi te,
Jacksonvi e Un versrty: 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"
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1:20- 1:40

1:40- 2:00

2:00- 2:20

BREAK

4:00 P.M.

5:00 P.N.

BREAK

10:20-10:40

10:40-11:00

2:40- 3:00

3:00 P.N.

7:00 PE M.

8:00 P.M.

Friday
January 25

9:00 A.M.

10:00 A.M.

10:20 A.N.

Roy R. Lewis, II I and Steve H. Lumber t: "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 Conditions"

James K. Schooley: "Pat terns of Energy Flow in the
Seagrass Beds and Impounded Marshes of the Indian
River's Mosquito Lagoon, Florida"

REVIEW PAPERS III � 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
a~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"

CONTRIBUTED PAPERS, SESSION III � "Mac" Reigger, BHR
P annzng Group, an Larry Gerry, St. Johns River
Water Management District: Socioeconomic 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"

Nary Margaret Overbey: "The Socioeconomic Impact of
Kings Bay Naval Base on the Commercial and
Noncommercial Fisheries of Camden County, Georgia"
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Susan Shipman, Virginia Baisden, Ron Essig, Jim Music,
and Duane Harris: "An Overview of the Conditional
Opening of Georgia's Sounds to Commercial Shrimping"

11:00-11:40

11:40-12:00 L. L. Beason, W. W. Honour, K. I. Miller, A. Q. White:
"Fish Consumption and Mercury Contamination in the St.
Johns River"

12:00 P.M.

1:30 P.M.

LUNCH  on your own!

CONTRIBUTED PAPERS, SESS ION I V � "Chuck" Flowe,
Jacksonville Bxoenvzronmental Services: General Con-
tributed Papers on Region's Fisheries Habitats and
Related Items

1:30-1:50

Matthew R. Gilligan: Early Colonization and Utiliza-
tion of a Concrete Artificial Reef of the Georgia
Coast by Invertebrates and Fishes"

1:50- 2:10

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"

2:10- 2:30

2:30-3:05 BREAK

James A. Valade: "Manatees of Northeast Florida"3:05- 3:25

William T. Young and Glenn L. Butts: "Biological
Assessment Pollution Abatement Impact in Western
Choctahatchee Bay"

3 25- 3 45

REVIEW PAPER VI � James W. Stoutamire, Of f ice 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"

4:00 P.M.

5:00 P.M. CONCLUSION OF' FRIDAY SESSIONS

EXHIBITS ARE ON DISPLAY IN THE SEMINOLE ROOM

RECEPTION AND CASH BAR

NOTE:

7:l5 P.M.

8:15 P.M. CONCERT AND COASTAL POETRY  Duval Room!
"Listen to the Water Song" � Dale and Linda Crider,
Flor ida Game and Freshwater Fish Commission, and Don
Grooms, Journalist-singer
"Ocean Love" � John Hammond, Jacksonville Poetry
Society

Michael D. Calinski: "The Postlarval Ocean Management
Study  POMS! � Nursery Habitat and Coastal Development"
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Saturday
January 26

7:30 A.M.

8:00 A.M.

MODERATORS: "Mac" Reigger, BHR planning Group; and
Larry Gerry, St. Johns River Water Management
District

BREAKFAST SPEAKER: Honorable Charles E. Bennett,
U.S. Congressman, Jacksonville, Florida: "Managing
Coastal Growth for Quality Living"

ROUND TABLE DISCUSSIONS WITH CONFERENCE SPEAKERS
An opportunity 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.

FISH HABITAT SYMPOSIUM REVIEW

REGISTRATION  Convention Center Lobby, Thunderbird Hotel!

CONTINENTAL BREAKFAST AND ROUND TABIE DISCUSSIONS
 Indian River Room!
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Abstract

SESSION 1

TITLE:

AUTHOR S!: William Bigler , Tom Savage , and Forrest Ware

ADDRESS S!: Department of Health a Rehabilitative Services;
Department of Environmental Regulations;
Game and Fresh Water Fish Commission

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.

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 ppm.

Two species of clams, Corbicnla manilensis and a~ill tio ~s
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 �.0 ppm!. However, Lead levels in Chipola River
clams ranged from 0.60 to 1.0 ppm with a mean of .843. In
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. In 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.

Water

detectable
 Cu!. All
of 5.0 ppm
ppm

Heavy Metals in Sediments and Biota of the Chipola
and Santa Fe Rivers

samples from the Chipola River were below minimum
limints for Mercury  Hg!, Chromium  Cr!, and Copper
results from Lead  Pb! were less than the actual value
reported and all cadium values were less than 0.20



310

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 �2! 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
�9! parameters at each site. Parameters include:

This data is compared to the State Standards for Class III
Waters and any violations 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  ZPA! 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. BESD to conducted fish tissue
analysis in the Cedar River area. 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.

Tide

Temperature
pH
Dissolved Oxygen
5-day Bio-Chemical

Oxygen Demand
Turbidity
Suspended Solids
Conductivity
Chlorides

Total Phosphorus
Ammonia

Total Kjeldahl
Nitrogen
Nitrate-Nitrite
Iron

Lead

Copper
Cadmium

Zinc

Fecal Coliform
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SESSION I

TITLE: The Nassau River Basin Hydrologic and Environemental
Study

AUTHOR S!: Joel Steward, Palmer Kinser and Carol Fall

ADQRZSS S!: P.O. Box 1429, Palatka, Florida 32078

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 ra'infa11 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
�: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.

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.
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Abstract

SESSION II

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 corn-
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 samp1ing 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 dis-
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, l981, and 1983.

Abstract

SESSION II

TITLE: Tidal Narsh Restoration and Creation

The restoration and creation of tidal marshes utilizing
smooth corderass ~S artina alt ~ rni~flora has become a routine
procedure in Georgia 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.

AUTHOR S!: Roy R. Lewis III and Steve H. Lumbert

ADDRESS S!: Mangrove Systems, Inc., P.O. Box 15759, Tampa, Fl 33684
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Abstract

SESSION II

TlTLE: Fish Nursery Utilization in Georgia Salt Marsh
Estuaries: The Influence of Springtime Freshwater
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 314l6

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-
d

* ' " I � ""* "
highest in oligphaline to freshwater portions of the estuary.
Spot Leiostomus xanthurus were more evenly distributed, but
continue 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

rence, istri ution, 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.  wjperm. 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 af 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 t:emgerature 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
39 C 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 impoundments, 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. Preliminary estimates
of annual macrophyte producticy are 4,306 kJ.m in one impound-
ment and 2,4l3 and 3,707 kJ.m in the seagrass beds. Impound-
ment site XI 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
distinctive 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.

Ronald J. Essig and Andre C. KvaternickAUTHOR S!:

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 �979-
1983! shrimp accounted for 86t af the ex-vessel value of Georgia
seafood. Hard blue crabs accounted for 11% and all other species
only accounted to 3'4 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 also tended to fish for longer
periods of time before unloading compared to the predominant
single-day trip in the past. Diversification of species sought
is becoming a more common fishing strategy as exemplified by the
recent expansion of the Georgia conch fishery.
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ABSTRACT

SESSION III

TITLE: The Socioeconomic Impact of Kings Bay Naval Base on
the Commercial and Noncommercial Fisheries of
Camden County, Georgia

Dr. Mary Margaret OverbeyAUTHOR:

ADDRESS: Department of Anthropology, 1350 GPA,
University of Florida, Gainesville, FL 32611

This case study examines the socioeconomic impact of a newly
CcnStruCted nuclear submarine baSe On the rural caastal community
of Camden County, Georgia. Camden County, located on the coastal
strand of southeastern Georgia, is part of the Barrier Island
Region. Analyzing the socioeconomic 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 biological 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 Overview of the Conditional Opening of Georgia's
Sound to Commercial Shrimping

Susan Shipman, Virginia Baisden, Ron Essig,
Jim Music and Duane Harris

AVTHOR S!:

Georgia Department of Natural Resources
Coastal Resources Division, l200 Glynn Avenue
Brunswick, Georgia 31S23

ADDRESS:

The principles of fisheries management considered in formu-
lating this decision, including shrimp life history and popula-
tion dynamics, social and economic considerations, environmental
conditions, and additional resource considerations, are pre-
sented. The resultant production 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.

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 1b 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 emigration and
southward migration of these shrimp during severe weather condi-
tions prohibitive to trawling, as suggested by previous mark-
recapture studies, fisheries mangaqers 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.
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Abstract

SESSION III

TITLE: Fish Consumption and Mercury Contamination
in the St. Johns River

L.L. Beason, W. Honour, K.I. Miller, and
A.Q. White

AUTHOR S!:

ADDRESS S!: Department of Biology and Marine Sciences
Jacksonville University, Jacksonville, Fl. 322ll

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.
Bioaccumulation 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 species. The results are
based on 807 individuals who responded to the survey.
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TITLE: Early Colonization and Utilization of a Concrete
Artifical Reef off the Georgia Coast by Invertebrates
and Fishes

Matthew R. GilliganAUTHOR:

ADDRESS: Department of Biology and Life Sciences,
Savannah State College, Savannah, Georgia 3l404

The Savannah Sport Fishing Club, on March 31, 1983, placed
406 tons of precast concrete culvert �49 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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TITLE: Ontogenetic and Seasonal Patterns of Osmotic and
Ionic Regulation and the Energetic Cost of a
Variable Salinity Environment in the Striped Mullet

Frank G. NordileAUTHOR:

ADDRESS: Department of Zoology, University of Florida
Gainesville, Florida 32611

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.

Striped mullet embryos are steohaline 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.
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TITLE: Manatees of Northeast Florida: A Synopsis of
Manatees Research in Northeast Florida, 1980-l984

James A. ValadeAUTHOR:

ADDRESS: JacksonvilLe University, P.O. Box 11635
Jacksonville, Florida 32211

Manatee population dynamics in Northeast Florida over a
four-year period w ill 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

TITI E: Biological Assessment of Pollutio~ Abatement
Impacts in Western Choctawhatchee Bay

AUTHOR S!: William T. Young and Glenn L. Butts

ADDRESS: 160 Governmental Center, Pensacola, Fl. 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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TITLE: The Postlarval Ocean Management Study  POMS!
Nursery Habitat and Coastal Development

Michael D. CalinskiAUTHOR:

ADDRESS: Division of Natural Science, New College,
University of South Florida, 5700 N Tamiami Terrace,
Sarasota, Florida 33580

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 10-year period such
hharrtats would cost approximately $148,000.00 and would produce
approximately $590,000.00 dockside worth of crabs. In 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.

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 W~eni e 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 lush
fouling assemblage. Within 6 months the various designs were
capable of supporting from 20 to over 100 developing crabs � 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.
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