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Estuarine and CoastalManagement - Tooti of the
Trade. Proceedingsofthe Took NationalConference
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Orleans.LA. Copyrightby TheCoastalSociety
1987.

MARYLAND CRITICAL AREA PROGRAM

SarahTaylor and J. Kevin Sullivan
Chesapeake Bay CriticalAreas Commission

Department of Natural Resources
Tawes State Office Building

Annapolis. MD 21401

Abstract only

The Chesapeake Bay CriticalArea ProtectionLaw (Natural Resources Article 8-1801 - 8-
1816)was passedby the GeneralAssembly in 1984becauseofconcernabout the declineofcertain
natural resources of the Chesapeake Bay. Recent studies by the U.S. Environmental Protection
Agency andothershave shown thatthis declineis relatedto the intensityof humanactivities within
the watershedofthe Bay.

In order to begin to addressthese sourcesof impact, the GeneralAssembly designated a
geographical areaaroundthe tidal watersof the ChesapeakeBay and its tributaries as the "Critical
Area." It directedthatnew development in this area be suchas to minimize impactson the Bay's
water quality and plant, fish, and wildlife habitat. Pursuant to the requirements of the Law, the
ChesapeakeBay CriticalAreaCommission was established to develop criteriafor guiding local
jurisdictionsin developing programs forCritical Area.

The processof approval for thesecriteria as con be imagined,was fraught with political
pitfalls and enhancements - all of which resultedin a set of landmark land-useguidelines for
developmentaroundthe Bay which passedGeneralAssembly scrutinyin April of 1986. At this
time, theCommissionwill seek to work with60 jurisdictions in helpingthem use thecriteria in the
development of theirlocal Critical AreaProtection Programs.
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Estuarine and Coastal Management - Toolsof the
Trade. Proceedingsof the TenthNationalConference
of The Coastal Society. October 12-15,1986. New
Orleans.1A. Copyrightby TheCoastalSociety
1987.

WATERFRONT DEVELOPMENT AND
ENVIRONMENTAL COMPLIANCE

Linda OLeary
The PortAuthorityof New York and New Jersey

One World Trade Center
Suite 74S

New York. New York 10048

The Poet of Hew York and New Jersey, traditionally considered
the nation's premier harbor, encompasses more than seven hundred miles of
waterfront property. The port complex, located seventeen miles from the
open sea. Is well protected from storms and not subject to extreme
weather conditions. Over several decades, activity along the shoreline
has adapted to the technological changes In the maritime Industry, as
well as the population dynamics of the metropolitan area.

The advent of contalnerlzatlon rendered a number of finger
piers, structures erected on piles and perpendicular to shoreline, on
both sides of the Hudson River, obsolete. Consolidation and reorganiza
tion of rail service In the region has resulted In the abandonment of
major portions of the New York and Hew Jersey waterfront south of the
Geocge Washington Bridge. As facilities were consolidated and waterfront
areas abandoned many shoreslde structures fell Into a state of disrepair
which would only worsen with the Impact of tide and time. For at least a
decade, much of this Impacted shoreline remained dormant. The waterfront
areas are now enjoying renewed lntecest on the part of both public and
private development sponsors. The unobstructured view from the water's
edge has, once again, proved to be a lure for city and suburban dwellers.

The Port of New York and New Jersey faces a most interesting
challenge with respect to development along the water's edge. In 1972,
the United States Congress enacted the Coastal Zone Management Act with
the intent of generating "a national Interest in the effective
management, beneficial use, protection and development of the coastal
zone."

As an Incentive to coastal states, Congress provided funds for
the development of coastal zone management programs designed to reflect
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the particular Interests, environment and geographic location of the
state. New York and New Jersey have since developed programs which seek
to improve water quality and aquatic resources, rehabilitate unused or
underutilized waterfront structures and provide public access to the
shoreline. Both States implement the coastal zone management program
through a series of permit proceedings, inter-agency reviews and consist
ency certifications.

In 1984, the States of New York and New Jersey passed legisla
tion that enabled the Fort Authority to acquire and develop two mixed-use
sites on the waterfront. The New Jersey site is located In Hoboken,
Hudson County and the New York site Is located in the Hunters Point
section of Queens. The waterfront development projects were designed to
increase the local government's tax base and employment opportunities',
provide public access and open space; stem erosion and physical
deterioration of the shoreline; and provide additional commercial space
and housing stock.

In metropolitan New York and New Jersey, proximity to the
waterfront translates into proximity to a transportation network as well
as one's place of employment. It Is not surprising that given these
advantages, in addition to unparalleled views of the harbor and skyline,
mixed-use development is the most appealing prospect for sites along the
shoreline. The Hoboken and Hunters Point projects arc only two of at
least twenty large scale waterfront development projects proposed for the
Port Region. Given this accelerated Interest In waterfront develop
ment on the part of public and private entities, one might question why
proposals, which appear to incorporate the goals of coastal zone manage
ment legislation, take an Inordinate amount of time to Implement.

One difficulty in Implementing waterfront development projects
appears to stem from a lack of scientific agreement on the anticipated
impacts to the aquatic environment. The scientific data base on coastal
environments Is in an evolutionary stage. The impact of pilings, fill
and bulkheads on the aquatic environment Is only now being examined In
depth. Prior to the enactment of environmental legislation in the
1970's, waterfront structures were built, channels dredged and marshland
filled with little regard to potential environmental Impacts. Over the
course of two centuries construction activities In the Port of New York
and New Jersey focused on pile supported piers, bulkheadlng of shoreline
areas and dredging forty five (45) federally authorized navigation
channels. The development of the port complex did not necessarily result
in an adverse effect on the environment: dredging may have had only a
short-term impact on turbidity; and pile supported structures may have
fostered an environment conducive to the proliferation of particular
aquatic species. In addition, the development of the Port enriched the
local and regional economy.

Today the pendulum seems to have shifted such that, no
waterfront construction, or even alteration Is permitted until every last
potential Impact has been Identified, addressed and mitigated. Although
this may appear to be a prudent and conservative approach to waterfront
development and rehabilitation, the questions are endless and oftimes
unanswerable. For example, the New York Harbor Collection and Removal of
Drift Program envisions removing the deteriorated piers and thereby
eliminating sources of drift. Objections have recently been registered
that the program to clean-up waterfront areas and remove hazards to



navigation may be disrupted to the lnter-pler ecosystem as such may
constitute an aquatic habitat. Nonetheless, new pier constuctlon also
raises objections from environmentalists and regulators. The inertia
with respect to project implementation results In frustrated efforts on
the part of regulators and developers alike. How many seasons of fish
sampling data is enough to determine the "resident and migratory species"
of a particular cove? Will driving piles to support a public esplanade
disturb the aquatic environment, Increase slltatlon or create an Improved
climate for species who seek the shelter of pier and lnter-pler waters?
Docs decking Interfere with light penetration and thereby negatively
Impact the aquatic biota?

Some of the questions posited can be addressed on a qualitative
level. However, when regulators seek to have developers define both
qualitative and quantitative cummulqtlve impacts of waterfront
development along a particular stretch of shoreline; they may be asking
questions which cannot be answered. In short, how much decking should be
permitted; when does pile density resemble a fill activity; what number
of fish constitute a resident species; and finally, are certain species
favored over others? The cummulatlvc impact analysis embodies a
preference for projects that are "first time" as all development
proposals which follow must take existing and proposed projects Into
consideration when evaluating environmental Impacts.

The scope of cuamulatlve Impact analysis has recently become a
bone of contention. At what point Is a project far enough along In the
planning stage to be Included as part of the environmental analysis
compiled by another developer. If a developer must include all project
proposals, he/she faces a herculean task, particularly In view of the
sheer number of proposals for the New York and New Jersey metropolitan
area. If the proposed projects to be included In the environmental
analysis are specific to a stretch of shoreline; the question becomes
which projects, of what scale and In what proximity to the developer's
proposal. In addition, reality dictates that many projects are proposed
but few implemented. Consequently, developers may be charged with
expending time and money on cummulatlvc environmental analysis which
bears no relation to the particular projects that are actually Imple
mented over the course of many years.

Controversial waterfront development projects face an even
greater obstacle when It comes to implementation. Regulatory agencies
may be reluctant to authorize projects which are viewed as a potential
target of litigation. Requests for additional Information and expanded
analysis translates Into the best defense for an agency which may later
have to justify the Issuance of a permit or consistency certificate.

The problems associated with regulatory compliance are not
rooted in any inconsistency In the regulations nor Inconsistency between
the proposed project and the coastal zone management policies. Rather,
the latitude with which the regulations and policies are Interpreted
leads to the delay and sometimes the demise of a development project.
For example, oftimes the regulatory review process does not begin until
the regulating agency deems an application complete. Hence, the review
timeframe is unpredictable- A developer may conduct several seasons of
sampling only to discover later on that such sampling should have been
more extensive or in a different location. Upon submitting sampling
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data, a developer may discover that the lack of staff has Inhibited
review and thereby additional delays ensue. A developer may also dis
cover that data compiled for one agency does not satisfy the review
requirements of another agency. All too often the discretion embodied in
regulatory Interpretation reflects the whim, fiat and bent of a
particular agency or Individual.

Complicating the situation faced by developers Is the lack of a
cohesive approach to evaluating the merits of a proposed project. The
regulatory agencies typically reprosent federal, state and local govern
ments each with their own area of Interest, concern and information
level. The specific Interests may relate to marine life and fisheries,
water quality, navigation, public access or Infrastructure improvements.
Although these concerns are not mutually exclusive, reaching a consensus
with regulatory agencies on the scope of the environmental analysis and
the design of the project can be a frustrating, if not an unattainable
goal.

The question remains as to whether the multi-tiered review of a
waterfront development proposal actually results In a project which
satisfies the environmental, economic ond aesthetic concerns* Inordinate
delays in scoping the outline for an environmental Impact statement,
negotiations among and between federal, state and local agencies and
months of research to compile the appropriate data can have a chilling
effect on a developer's Interest and economic commitment to a project.
In this situation, neither the public nor the developer benefit as the
unused waterfront area renains underutilized and unavailable to the
population of an urban area. If the goal of coastal zone management is
exclusively to preserve the status quo, then the regulatory review
procedures, as they are currently administered, will do just that.

The coastal zone legislation recognizes that coastal areas are
unique with respect to natural, ecological, recreational, industrial,
cultural and aesthetic resources. The competing demands on these re
sources can be evaluated such that the social, economic and environmental
Interests are addressed and accommodated. The need to Insure a proper
balance between natural resources and economic development Is the
responsibility of the regulators as well as the proponents of projects.

The evaluation of the merits of a proposal muBt Include an
analysis of the costs and benefits to both the human and aquatic environ
ment. Regulators must be sensitive to the fact that trade-offs are part
of any development. Hence, the project must be viewed in terms of risks
and benefits and repercussions of the "no-action" or "tn-actlon" alterna
tive. Developers must be sensitive, In design and implementation, to the
fact that waterfront development will Impact the waterway but can do so
in a beneficial fashion. The developer must also evaluate the econom
ics of a project from the perspective of providing the appropriate
environmental analysis and Identify the point at which the regulatory
process is more costly than the project.

The thin strip of land along the water's edge is a precious
resource, both fragile and dynamic. Deteriorated shorelines are neither
aesthetically pleasing nor environmentally stable. The social and
economic well being of the people of coastal areas are critically linked
to the preservation and development of both the natural and man-made
resources in the state's coastal zone.
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LAND USE PLANNING UNDER THE
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The Coastal Area Management Act (CAMA) was ratified in the State
of North Carolina in 1974. This was a last minute effort by the legis
lature to interface with the federal legislation passed in 1971. Many
planners felt that the difficulties In ratifying the legislation re
vealed a low level of support by the people. While CAMA Is now accepted
by many citizens, there are still some that have a problem with it.
This is not uncommon with respect to land use controls, and CAMA is leg
islation for guiding land and water use. As the bill states, "In the im
plementation of the coastal area management plan, the public's opportu
nity to enjoy the physical, esthetic, cultural, and recreational quali
ties of the natural shorelines of the State shall be preserved to the
greatest extent feasible; water resources shall be managed in order to
preserve and enhance water quality and to provide optimum utilization of
water resources; land resources shall be managed In order to guide
growth and development and to minimize damage to the natural environ
ment; and private property rights shall be preserved in accord with the
Constitution of this State and of the United States" (NCAC, 1974).

In the early 1970's only a few states had adopted applicable state
wide land use regulatory systems (Cuernsey, 1972). Hawaii was the first
state to adopt a comprehensive land use law in 1961. Wisconsin followed
with legislation in 1966 to protect all shorelines. In 1970 Florida
passed legislation for the purpose of developing a comprehensive plan
for the protection, development and zoning of the coastal zone. Cali
fornia began with some piecemeal efforts related to the coastal zone in
1968, but did not achieve a comprehensive land use planning effort until
1972. In 1969 the Texas legislation began to study coastal related prob
lems, but the study was not completed until 1972. Generally, none of the
coastal zone management and planning programs at the state level moved as
fast nor as far as they needed to in order to resolve land use Issues and
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problems. Even the legislation passed by the 92nd Congress tends to
fall short of the mark as we all can see as the coastal zone becomes
more impacted with each passing day.

The intentions of the existing federal and state legislation are
admirable. It seems that much of the problem Is in the application of
the legislation at the local level. We seem to knowwhat to do, but not
haw to do It. This happens a lot. But it doesn't need to be that way.
One of the major problems we are confronted with in the local applica
tion of land use legislation in North Carolina Is the wide variation of
planning and management sophistication. For example, large communities
with full time planning staffs are very successful with a continuing
planning effort, while in small towns and rural areas the planning ef
fort is virtually Inactive from update to update of the land use plans
required by CAMA. The contrast between places having a large urbanizing
population located on the ocean and rural towns located on the inner
coastal plain shows chc differences that CAMA attempts to handle. It
should not be too hard to Imagine how difficulties occur in the applica
tion of the Coastal area Management Act.

Planning vs. Management

In order to describe the problems related to the application of
state legislation at the local level we must philosophize a little bit.
what is meant by planning? What Is meant by management? For all prac
tical purposes land use planning is the conceptualizing, coordination
and encouragement of private and public use of land to satisfy long
term public interests. Even more fundamentally, planning Is the pro
cess of bringing the future into the present so we can do something
about It now! How many of us use this thinking in setting goals and
policies at the local level? My limited observations tell me very few.
The consequences without a continuous local planning effort are ecologi
cal disruptions or Impacts when we use our spatially oriented resources
such as land to satisfy our economic, social, recreational or political
needs. In the past few decades, planning, management and land use con
trols have been increasingly used to protect our valuable resources.
Unfortunately, local attitudes have not changed sufficiently to allow
this process to occur with uniformity or regularity. Perhaps the prob
lem is at the management end. Management Is much different than plan
ning. Many theorists say that managment deals with methods and means
of effectively using the resources of an organization to achieve its
established objectives (Carlisle, 1976). We have heard It said that you
can manage programs, but you can't manage people. Is this the problem?
is It that we can manage our environmental resources, but when it comes
to applying the same method to people our problems occur. Think about
It! There is definitely a difference between the planning process and
tho management process. In the planning process, it Is people oriented.
In the management process, It is objective oriented. It Is necessary
in the local application of the Coastal Area Management Act to allow
the planning process to work. And the planning process is complicated,
perplexing and time consuming at the very least. Not that management
isn't, but resources don't tend to answer back like people do.

Some Local Scenarios

During the past several years 1 have had the opportunity and good



fortune to work with several coastal communities In North Carolina.

This experience has allowed me to observe first hand the concerns of
these communities and how they function. I have classified these con
cerns into several categories: 1) outside environmental influences,
2) outside socioeconomic influence, 3) administrative expcrtice, and
4) local leadership. With respect to outside environmental influences,
problems abound. It Is very difficult to sell the protection of environ
mental resources, particularly water, when coastal communities are being
Impacted by communitcs outside the coastal zone. For example, in Bertie
County located where the Roanoke River and Chowan River have their con
fluence, the water quality entering the estuarine environment Is already
impacted from upstream sources. Further, because the Roanoke River is
heavily dammed it has virtually ruined the striped bass population and
the spring herring run. It Is very difficult to formulate policies re
lated to the best management practices under these circumstances. In
this case, the planner must espouse drainage basin planning and manage
ment eventhough the likelihood of a comprehensive planning effort in a
river ba3in as large as the Roanoke seems remote. And because it Is re
mote, the local policies are generally vague with respect, to land and
water management. Another example of outside environmental Influences
being imposed on the coastal area is acid deposition. In most coastal
areas the soils are already acidic. Acid rain Impacts the soils even
further affecting the more sensitive terrestrial biota as well as
aquatic biota. How can a local land use plan address this very im
portant issue? The citizens are stymied, so is the planner, and the
problem continues. Planners realize that the planning process at the
local level is the key to environmental integrity. But not all environ
mental problems can be solved at the local level in a coastal situation.
The local policy makers, the citizens of the coastal communities, need
to see some progress at the national or regional scale before they will
be willing to articulate environmental policies more specifically.

Planning at the local level works best without outside pressures.
Managers or planners from state and federal agencies must be extremely
careful not to create what we can call the 'big brother syndrome'. Many
people resent being cold what they can and cannot do. How 'visitors'
approach local coastal issues must be done with care. It takes a con
tinuous planning process to educate the people regarding the purpose of
land use and other environmental controls. This process does not begin
with state or federal agencies nor should it, but it should be allowed
to happen using the local planner. The planning effort must be allowed
to develop by the state and federal agencies. Patience would certainly
be a virtue In such cases. In Bertie County, the land use planning up
date took two years to complete. The Office of Coastal Management was
very patient. And while there are some environmental issues unresolved
such as the poor water quality coming from Virginia and piedmont North
Carolina, the local land use plan and its contribution toward maintain
ing the integrity of the coastal area is unmistakable In its intent.
The people of Bertie County have addressed the land use Issues and have
a document that will help them for the next five years and beyond. The
situation in this rural county presented this planner with an unusual
and beneficial planning experience. And because the planning board
ceased to exist after the last land use plan update, it allowed the new
ly appointed citizen planners to have a fresh start In the planning pro
cess. It has given them valuable time to explore the meaning and the
necessity of coastal planning.
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There is a wide variation in the administration of local governments.
Small towns, in particular, can be operating with a town manager who may
have a degree in public administration with years of experience or a
part time town clerk with a high school diploma and very little experi
ence. Some towns are functioning without the benefit of a planning board
or technical planning assistance, while other towns may have a planning
department with several professional planners to assist the planning
board and the town council. In a number of instances towns will seek ad
ditional assistance for land use planning if local planning tasks consume
too much of the local planner's time. In the case of Kill Devil Hills
the town planner opted for some outside assistance. The planner and the
planning board desired a public opinion survey and analysis to be con
ducted as part of the land use planning effort which would allow town
officials guidance in their decision making process and assist in formu
lating policies on the local land use issues. The survey served them
well, for they not only obtained slightly over a (lfty percent response,
they garnered some valuable insight related to the local coastal issues.
The Importance of public participation cannot be overstresscd. But time
to conduct the survey and analysis could not be afforded at the local
level. Unfortunately not all towns have the financing to seek the assis
tance they so badly need to carry out a continuous effort of town plan
ning. In any case It Is not easy to plan in a community, nor is it easy
to manage a program such as CAMA in an area where just 'making ends
meet' is the primary concern of the people.

Finally, there is the concern of local leadership. It Is difficult
to get people excited about CAMA. Conerally there arc two factions in
the community: 1) prodcvelopment, and 2) proenvlronment. The scenario
varies dependent upon how strong the leaders of these factions arc. And
it It is not unusual for town boards to vary in their thinking from one
election to another. That is, during one term the board may be for devel
opment, and in the next the board will be against development. In some
places the land use plan is constantly amended, in others the land use
plan is used as a firm guiding hand, and in others it isn't used at all.
By having a land use plan In place and setting policies for the coastal
environment does not necessarily mean that the coastal area will be ade
quately or uniformly dealt with. There are no assurances that In the
application of CAMA the environment will be under less stress. If the
local leadership takes a lax attitude concerning the local environment,
the likelihood that the plan will be utilized in Its entirety Is small.
Consequently, some communities have a successful continuous planning pro
cess which tends to Improve the coastal environment, while other com
munities have a somewhat loose interpretation of the planning process
which allows our coasts to be impacted.

Some Final Thoughts

Many parts of the coastal area will continue to have growth. The
land use plan helps in the effort to lessen the impact of this growth,
but It is no panccea for holding or reducing environmental Impact. This
is particularly the case when some of my planning colleagues arc suggest
ing that the carrying capacity of the barrier islands or the coastal
plain be based on maximum levels of groundwater withdrawal, maximum waste
water treatment capacities, and how fast the area can be evacuated with
more traffic .lanes in the event of a storm. Consideration of land avail
ability, stonrwater runoff Impact on water quality, alternatives to



growth economics, local feelings about land use densities and mixes, and
many other factors must be used in order to Improve the coastal environ
ment. We have a beginning in North Carolina. We have had some problems,
but we have had many successes with CAMA. Hopefully, CAMA will be im
proved. Perhaps it might even be expanded to include whole drainage
basins or the entire state. We certainly need it for our coasts arc
finite and fragile.
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Section 10 of the Coastal Barrier Resources Act (CBRA) required the
Department of the Interior to conduct a three year study and report to
Congress. This report 1s to Include recommendations;

1. For the conservation of the fish, wildlife, and other natural
resources of the Coastal Barrier Resources System (CBRS) based on an
evaluation and comparison of all management alternatives, and

2. For additions to/or deletions from tho Coastal Barrier Resources

System and for modifications to the boundaries of System Units.

This paper 1s a progress report on that study.

CBRA resulted from the realization that development of coastal barriers
Is frequently hazardous to life and property, and often results In the
loss of unique and valuable natural resources. Much of thts development
would not have been possible without Federal subsidies.

CBRA Is a statement by Congress that the Federal Government will no
longer assist 1n financing new development on the 186 undeveloped.
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unprotected coastal barriers within 15 states on the Atlantic and Gulf
Coasts comprising the CBRS.

To Implement the Study, the Secretary of the Intorlor established a
study group cceiprlzed of representatives from the National Park Service.
Fish and Wildlife Service, U.S. Geological Survey and other appropriate
entitles.

The first phase of the study was a compilation of all feasible management
alternatives and an Inventory of all undeveloped coastal barriers on all
coast-Hnes of the United States.

Significant issues reviewed Included!

1. State, local and private conservation and protection Initiatives

2. Federal tax policy - Incentives and disincentives

3. Federal regulatory programs. Section 9. 10 and 404 permits

4. Acquisition

5. Federal Revenue Sharing

6. Evaluation of the Impacts' or" exceptions allowed under CBRA

7. Redevelopment of developed areas destroyed by disasters

The Inventory of undeveloped coastal barriers included a substantial
expansion of the criteria used to establish the Coastal Barrier Resources
System. A comparison of the original with tho new criteria Included;

1. CBRS confined to the Atlantic and Gulf Coasts.

The Inventory Included all coast lines of the United States including the
Great Lakes, Caribbean. Host Coast. Alaska and Hawaii.

2. CBRS Included only unprotected, undeveloped barriers.

The Inventory attempted to Include all undeveloped barriers, regardless
of ownership.

3. CBRS Included primary barriers of unconsolidated, sedimentary
material only.

The inventory Included othor land forms functioning as barriers. Including
carbonate-cemented deposits, vogetatlonally stabilized sediments (mangrove



Islands and chenters). and bedrock/glacial deposits. Secondary barriers
within large eosbayments were also Included.

4. A very limited amount of associated aquatic habitat was Included 1n
the CBRS.

All associated aquatic habitat up to 1 mile of open water and 5 miles of
marsh behind the barrier was Included 1n the Inventory.

5. The minimum shoreline length In the CBRS was 1/4 miles.

This was maintained In the Inventory except for states specifically
requesting addition of smaller areas that were otherwise qualified, and
Alaska, where the minimum was one mile.

Results of the Inventory Included expansion from 15 States 1n the CBRS to
32 States and territories In the Inventory. 166 vs 1335 units. 670 miles
vs 1335 miles of shoreline and 450.000 vs 7 3/4 million acres.

I want to emphasize that this phase Included no recommendations. It was
Intended only to explore all the possibilities and stimulate discussion.

The Inventory maps were developed by tho study group using U.S.
Geological Survey topographic maps, aerial photography and any pertinent
information available within the allowable timeframe Governors of the
affected states were notified of the study and requested to designate a
contact. State representatives were sent a draft set of maps and asked
to review them for accuracy based on the study criteria. Members of the
study group met with representatives of 17 States to review the maps and
make technical adjustments.

A March 1985 Federal Register Notice announced the availability of maps
and management alternatives for public review and comment. Affected
Congressional Committees and members were provided with briefings.
Governors of affected states and territories were requested to comment.
Study members participated 1n 25 state- sponsored public meetings and
meetings with state agencies. The public comment period closed on
September 30. 1965.

Official responses were received from all but 4 states and territories.
Over 2500 comments from the public were received 1n response to the
Federal Register Notice.

Generally those states already In the System with the most stringent
state laws favor the expansion and strengthening of the CBRA. Of the 15
states now In the CBRS. ten favor expansion of the System, with some
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caveats. The greatest concerns were, the Impact on Federal assistance
for management and development of otherwise protected areas, and the
possible Impacts on port development. Of the other 5 states, ono did not
respond and four. Including three not In the Coastal Zone Management
Program, favored the status quo or substantial deletions 1n the present
System. Of the three Atlantic coast states not presently 1n the System,
two favor accession. In the Great Lakes, four states oppose Inclusion,
two are favorable and one did not respond. All the Vest Coast states are
opposed to Inclusion.

Many local communities perceive tho CBRS as a threat to their development
and concomitant expansion of Jobs and thotax base. It 1s Interesting
that a number of cconun1t1os on heavily developed barriers recognize the
downside of development and favor strengthening the Act. One gots the
feeling that many relatively undeveloped communities will favor the law
as soon as they are developed. Apparently everyone has to learn from
their own mistakes.

Roactton of special Interest groups was as expected. Conservation
groups and the League of Women Votors support expansion; development
organizations are opposed. Individual responses were heavily In favor
of expansion.

Secretary Hodel Is reviewing tho comments, the requirements of tho law,
and options presented by the Study Group. He will then develop proposed
recommendations which will bo announced In the Federal Register for 90
days of public comment. Governors, local authorities, and Federal
agencies will be asked to commont. Thoro will be a number of Congressional
briefings. Members of the study group will be available for state
briefings and public meetings. Following the close of the comment period,
final recommendations will bo proparod and the report submitted to the
Congress.

These will be recommendations only. The Department of tho Interior has
no authority to Implement any of the recommendations. Action by the
Congress through amendment of the CBRA 1s required to expand or contract
the Coastal Barrier Resources System or to modify any other provisions of
tho law.

In closing, one final comment. There still seems to be considerable
confusion about this law. CBRA does one thing, and one thing only. It
withdraws Federal assistance for now development within those areas
designated by Congress. It 1s not a vast new Federal regulatory program.
I amthe only person In the entire Federal government committed to this
law full time.
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Dune Management is often recognized as a component of shoreline management.
There is a concept (albeit mistaken)thatdune stabilityproducesshorelinestability.
Sediment budget studies in conjunction with shoreline process-response models lead to the
conclusionthat coastaldunes are the productof a retreatingerosionalshorelineand that
imposedstability is antagonisticto the developmentand functioningof the dune system.

A sediment budget/morphological process-responsemodel is proposed that covers
the balancesthat mustbe achievedforcoastaldunedevelopment, equilibrium,and
attenuation. A second version of the model incorporates management strategies that can be
effectively applied in the several stages of the coastal dune model. The conclusion that
coastal dunes are the products of a slowly retreating shoreline imposes severe constraints
on the temporalapplicationsof activeor passiveprotectionsbageies.
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BARRIER ISLAND SETTLEMENT AND LANDUSE
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Introduction

For coastal planners to make effective zoning decisions in their
respective seaside communities, it is important not only to understand the
physical processes at play but also the cultural-historical antecedents of the
present landuse patterns. Often the various components of an established
American beach resort's urban morphology originated spontaneously (ie.
unguidedby zoning), and distinctive patternsof landuseevolved. At present,
many coastal resort communities are approaching their areal limits to
growth, and pressures to intensify landuse (Le. "redevelop") may threaten
the "vernacular" seaside urban morphology.

The aim of this paper is to present a background of the geography of
coastal resorts and to offer a schematic explanatory model of resort
evolution based on research conducted along the Gulf of Mexico littoral
Three seasideresorts—Port Myers Beach and Pensacola Beach in Florida, and
Grand Isle, Louisiana—are briefly described in terms of resort evolution,
settlement morphology, and conformity to the proposed model.

Prevlotn kemreri

Much of the research in coastal urbanization has been conducted in
England, site of Scarborough, the world's oldest seaside resort (where sea
water began to replace mineral water as a health cure in the early 1700s).
The geographer E.W. Gilbert's pioneering research in coastal resort genesis,
evolution, and morphology during the 1930s (Gilbert, 1939) paved the way
for extensive future recreation research in the United Kingdom. His tome in
Brighton (Gilbert, 1954) still stands among the most thorough studies of
resort evolution.
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Barrett (1958). in his study of 80* seaside resorts in Great Britain,
developed a model of "theoretical accommodation zones", in which a zone of
hotels and other "frontal amenities" faced the beach directly seaward of a
downtown core. Farther away from the beach, the type of lodging facilities
became simpler (boarding houses and bed-and-breakfast places), and with
distance from the core area, the intensity of tourism-related activities
decreased.

Stansfleld (1971), in a comparison of British and Northeast US. resorts,
found a similar pattern of "fronul amenities" which he labelled the
recreational business district (RBD) to distinguish from the central business
district (CBD). The RBD, a hignty-spedalized business district composed of
hotels, tourist-oriented shops, andamusement facilities, catered especially to
short-term vacationers. This concept was readily adopted by many tourism
and recreation researchers (e.g.Lavery, 1971).

Although resort evolution is a popular theme in the literature of
tourism, the research focus has been primarily sociological or economic, and
often theoretical in nature. Resortgrowth is generallydescribed in terms of
an S-curve or bell-curve, analagous to the 'product life cycle' concept used in
marketing. One of the better theoretical descriptions of resort growth is
provided by Butler (1980), who identifies several discrete stages of
development. The upper limits of growth are determined by market
saturation and decay m resort infrastructure, which send tourists and
recreationists off to less-spoiled beaches.

Corollary morphologic aspects of resort evolution have not beenwell
documented. Generalized models of coastal landscape change have been
developed (e«. Miossec. 1976; Preobrazhensky & Krivosheyev. 1982), but
systematic correlation of development stage with landscape expression is a
new and usually site-specific research focus. Variations of the Butler (1980)
model have been applied to examinations of coastal landscape change at
Malta (Young. 1983). Grand Isle (Meyer-Arendt, 1985). and Antigua
(Weaver, 1986).

A Retort Morphology Model

On the basis of the development patterns noted at older Gulf Coast
resorts, a schematic model of resort evolution is offered (Figure 1). Initial
touristic occupance (Stage A) is facilitated by, but not necessarily dependent
on,the provision of access. Access, however, leads to increased day use.and
the point of closest beach access evolves into the recreational business
district. Limited summer home construction occurs, though lack of services
restricts the level of residential developmenL

With the "take-off" of development in Stage B,the RBD expandsalong
the beach and along the access highway. Residential expansion also takes
place along the beachfront and in the vicinity of the business district The
original RBD core Is still the prime focus of tourists and recreationtau, and
often a fishing pier is added. An incipient community has formed by this

Stage C entails an expansion of the development patterns already
established. Residential expansion continues along the beachfront, and the
bayshore becomes a secondarylocus for developmenL If extensive wetlands
occupy the backbarrierzone, rampant conversion(by means of dredging)to
residential canalsubdivisions takes place. If the number of permanent
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Figure 1. Proposed Model of GulfCoastResort Evolution
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In Stage D,landuse becomes consolidated as the remaining vacant land
fills in. Land values have by now effectively precluded allbut the wealthy
from building single-family second homes, and multi-unit dwellings
(particularly condominiums) are constructed. The landusezonation is quite
distinguishable at this stage of developmenL Intense recreational activity is
concentrated alongthe access corridor and beachfront flanking the RBD core,
where most of the hubbub takes place. A broad residential area (mainly
single-family) flanks the commercial zone, and the condominium zone
occupies the extremes and formerly less desirable lands. This pattern of
complete development may be interspersedwith vacant lands,reflecting the
establishment of parks or preserves-or the denial of wetlands permits.

By Stage B, if market demand for beach recreation at this crowded
resort remains strong, pressures for redevelopment lead to increasing
encroachment of condominiums into both the RBD and residential zones,
particularly along the beachfront This trend is encouraged by deterioration
oT older facilities and escalation of real estate values and property taxes,
whichoften force sellouts by fixed-income propertyowners. This process of
landuse intensification can be greatly accelerated as a consequence of
hurricane onslaught, which can literally "wipe the slate clean" and—in the
absence of landuse zoning—pave the way for dense highrise construction
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along the beachfront (GulfShores, Alabama after HurricaneFrederic(19791
is perhaps the best example of this.)

Part Mveri Beach

Bstero Island, essentially uninhabited until homesteaders arrived in
the late 19thcentury,haswitnessed tremendous recreational development
since then, in large part due to its tropical south Florida setting. All five
stages of development are evident at this island.

The island initially developed as a summer resort for residents of
nearbyFort Myers. Prior to beachaccess provision in 1921 (in the form of a
short woodenbridgeto the mainland), severalof the homestead properties
had been subdivided, anda Beach Hotel was built in 1912(SchelL 1980). By
the time of the Florida Boom in the 1920s,the point of closest beach access
had developed into a "honky-tonk"(or RBD), completewith gambling casino,
beach pavilion, & bathhouse. A recreational settlement core, consisting
largely of private beach homes extending linearly along the shorefront to
past the Beach Hotel, had developed. Owners of low bayside property
dredged canals to boostrealestate values, but demand for mosquito-ridden
lots remainedlow. In spite of two devastating hurricanes duringthe 1920s,
Fort Myers Beach rebounded, and the pattern of beachfront expansion
continued, albeitslowly, untilafterWorld War II (Meyer-Arendt, 1986).

The postwar boom,characterized by greater affluence and mobility,
was felt intensively Umraghout south Florida. The status of Fort Myers
Beacft soon changed from a local summer resort to a national winter resort as
the Midwestern and Northeastern snowbirds began their annual seasonal
migrations. As beachfront properties became developed, the mangroves
began to be converted to residential canal subdivisions. Development was
most intense nearest the point of mainland access, and a CBD developed
adjacent to the RBD, stillthe focal point of recreational activity. Motels and
cottage resorts werealso primarily concentrated in this area, fly 1970, only
the unstable southern beach spit and several tracts of backbarrier
mangroves remained undeveloped.

The year 1970 approximately marks the onset of the condominium
era among most Gulf Coast seaside resorts. This form of intense landuse
beganto modify the pre-existing resort morphology. At Fort Myers Beach,
the remaining parcels of vacantland, primarily at the southend, filled in,
first along the Beachfront, secondlyalong the bayshore,and thirdly on canal
properties dredged out of the mangroves.

Increasing environmental legislation led to a total ban on mangrove
conversion by 1980. Continued market demand for resort property, coupled
with lackof land for areal expansion, prompted developers to acquire blocks
of older residential beachfront properties for conversion into condominium
apartments. No zoning restrictions prevented this trend, but Lee County
imposed lowered density standards in 1980 (from 35 to 14 units/acre).
County planners feel that the carrying capacity of the island has been
reached (Anlertet aL, 1982), andcondominium construction has significantly
fallen off in recentyears. FOrt Myers teach canpresently be described as a
saturated seaside resort The population swells from 6000 to 25,000 or
30,000 during the winter season, and the 7-mile drive along the length of
the island can take over one hour. In spiteof greater zoning restrictions.
the mechanism of landuse intensification through acquisition and
redevelopment of older properties remains.



Pensacola Beach

Like Fort Myers Beach, Pensacola Beach developed as a summer
playground for residents of nearby Pensacola. As early as the 1880s, boats
carried recreationists to the beaches of Santa Rosa Island for the day, and a
US. Coast Guard life-saving station became the focal point for recreational
activities. Following a 1906 hurricane which destroyed the Coast Guard
station, a hotel was built on the beach, but this lasted only until the next
hurricane, in 1916. Highway access was provided in 1931, but Escambia
County, which had bought Santa Rosa Island from the US. Government,
leased only a small portion of beachfront land for construction of a
casino/amusement center-in essence an RBD without a surrounding
settlement The county soon gave up its claim to the island, and for 20
years, the landuse on the Beach consisted only of the Casino.

Pensacola Beach also felt a postwar boom. The US. Government again
returned Santa Rosa Island to Escambia County with the stipulation that
lands not be sold-but only leased-and that all development be in the
"public interest* (Lenox, 1973) In 1947, the Santa Rosa Island Authority
was created to oversee to leasing of lands for commercial and residential
development Initially,a commercial district was zonedfor the area closest
to the Casino, and residential subdivisions were to be created to the east A
communitybegan to take shape in 1951,and by 1957 the commercial area
was totally leased, mainly to motels, rental beach cottages, and other
recreation-oriented businesses. Much of the remaining land was leased by
speculators (in large blocks)in anticipationof future development. The year
1960 witnessed the beginnings of a westward expansion to balance the
landuse zonation east of the RBD. By the late 1960s, a popular
RBD-centered on the Casino and fishing pier,the family-oriented Quietwater
Beach, and the adjacent commercial district, was flanked by residential
subdivisions, and land for further development was still available at both
ends of the community.

Pensacola Beach also witnessed a condominium boom beginning about
1970 (SRIA Annual Reports,var. years). As at Fort Myers Beach, the last
remaining parcels of empty land became the loci of this increasingly highrise
construction. The zone between the RBDand the entrance to the Gulf Islands
National Seashore (formerly Ft Pickens State Park) was especially favorable
to developers. Publicrecreationalfacilities and dune preserves were quickly
established to prevent total encroachment Today, the few remaining parcels
at the west end are already slated for development The east end also saw
condominium and residential growth during the 1970s, but in the last few
years, efforts by residents and environmentaiisu succeeded in limiting
further development to 61 acres. Construction on the first 10 acres has
recently begun.

As Pensacola Beach is nearing its area! limits to growth, pressures for
"redevelopment" are intensifying. Several older motels have been converted
to condominiums, and in the last few years, several others have been razed
for highrise construction. Although continued highrise development is of
financial benefit due to tease revenues, the present trend—plus a proposal to
expand the official "core area" (or RBD)into the older residential sectors—has
stimulated a public outcry. Wallace, Roberts, & Todd, a Miami-based
environmental planning firm (whose credentials include the landmark
Suiibel Report), has been commissioned to give proper direction to
development, and until the plan is presented and approved (in Fall 1986), a
moratorium on RBD redevelopment is in effect. Pensacola Beach is now in
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the consolidation stage of development, at the point of transition to the
saturation stage. It is anticipated that the comprehensivelanduse planwill
confine further development to the respective discrete landuse zones that
nave already evolved.

ftmrt Itle

Grand Isle, although settled for over two centuries, has not been
subjected to the recreational development pressures as have the other two
sites, in part due to its remotelocation, but also because of its low-quality
beach and periodic destructive hurricane onslaughts. Being a resort
attractive to fishermen, and less so to beach reactionists, lack of strong
market demand has kept the Island in StageCof the modeL

Grand Isle was the first of the 3 sites to undergo recreational
transformations, in large part due to its initial relative proximity to New
Orleans. The first tourism boom began after the Civil War with the
conversion of a defunct sugar plantation to a resort hotel (Stielow, 1982).
The fad of sea-bathing enticed New Orleanians to endure 8-hour boat rides
to get to the Island, and by the early 1890s, 3 major hotels and several
boarding houses catered to the tourists. In termsof resort morphology, this
recreational developmentrepresented the first major settlement expansion
away from the village proper,which was nestled among the higher central
beach ridges, which were extensively covered with live oaJcs (Quercus
virginiana). Thisinitial flirtation with exposed beach settlementendedwith
the infamous Cheniere Caminada Hurricane of 1893 which destroyed most
tourist facilities but left the village intact.

The memory of the storm prevented new recreational development
for decades, andnot until the1920s did Grand Isleagain enter Stage A of the
resort model. Highway access in 1932 laid the foundations for the modern
settlement morphology. The central village was still the focus of commercial
activity, but a pattern of spotty beachfront development evolved,
concentrated between the west end (the point of access) and the village.
Land developers bought up large parcels of land Tor subdivision in
anticipation of a boom that was delayed until after World War II.

Half of the prewar subdivided lots were sold by 1950, and the
beachfront was the locus of greatest construction. The beach highway
evolved into a strip RBD consisting of motels, rental cottages, and tourist
businesses, and near the center of the island the RBD blended with the
village CBD. The less desirable backbarrier marshes were developed least,
although several oil and sulfur companies made the east end the base for
their offshore operations. The physical environment was less hospitable
than at the Florida resorts,and by the mid-1950s,erosionwas undermining
many beachfront homesand detracting fromthe attractiveness of the beach.
Spotty bulkhead andgroin construction only accelerated the erosion, and by
the early 1960s,the postwarboom was waning. Beachrecreationists turned
their attentions to the increasingly accessible beaches of Mississippi.
Alabama, and Florida (Hubbert, 1983)'

In 1965, Hurricane Betsy madelandfall on Grand Isle, and 85* of all
structures were damaged. The storm provided a facelift, however, and the
resort morphology was re-established intaxt-the RDB strip became lined
with more modern motels and businesses. Beach nourishment restored the
shorefront, and summer homes reoccupied this zone. The post-storm
mini-boom was shortlived,however, and by the early 1970s beacherosion



had again contributed to serious environmental degradation, keeping all but
diehardfishermenandweekendersfromthe Island (Meyer-Arendt, 1985).

The condominium boom has largely bypassed Grand Isle. In 1980, a
condominium/marina complex started construction near the east end, and in
1985 a west end marina hotel converted to eondos. The post-Betsy
commercial strip of motels and souvenir shops still comprises the RBD and
little pressure for redevelopment exists. In 1985. a turnaround for tourism
was foreseen when a SIS million US. Corps of Engineers
dune-and-beach-restoration project was completed (USACE, 1978), but 3
major hurricanes later that same year dampened that enthusiasm.
(Although damage to island structures was negligible, the new beach was
severely eroded and 2 miles of the 7-mile sand levee were removed.)
Nonetheless, a 150 acre resort complex-complete with a major hotel,
numerous condominiums and townhouses, and 600 single-family lots—is
slated for construction, if the necessary wetlands permits can be obtained.
Grand Isle is best described as being in Stage Cof the model, perhaps on the
verge of entering Stage D. Whether the consolidation stage will be reached
anytime soon is dependent upon the perceived recreational resources of the
island and associated market demand

Summary

AlthoughFort Myers Beach, PensacolaBeach, and Grand Isle can all be
understood in terms of the resort model, the individual settlement histories
do not necessarily have to progress through all of the stages. As a requisite
to reaching the saturation stage, continued high market demand must exist.
Deterioration of either natural or cultural amenities may cause a decline in a
resort's popularity, and consequently the settlement morphology may be
"frozen" at its most recent stage of development Landuse controls, such as
wetlands legislation, post-storm reconstruction restrictions (as enacted by
Floridalast year), density restrictions, and zoningcan all modifythe patterns
of "spontaneous development" outlined in the modeL A determination of
what is optimalfor a particular resort can only be made by examininga host
of variables (e.g.traffic flows, parking,carrying capacity of beaches, etc.). In
terms of resort morphology, some variant of the consolidation stage (Stage
D), in which landuse categories are allocated specific zones, may be the ideal
toward which planners should direct development-provided this stage has
not yet been surpassed.
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THE RELATIONSHIP BETWEENCOASTAL PROCESSES
AND LOCAL VARIATIONS INTHE SEDIMENT BUDGET
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Previous research has concentrated upon the regional aspects of coastal processes as
related to generalized barrierisland sediment budgets without regardto variations in local coastal
processes and the resulting barrierisland morphology.

Three distinct morphological regions can be identified at Fire Island. First, the older and
highly dynamic eastern segment of the island which is dominated by inlet, overwash, and marsh
deposits. The primary mechanisms for the landwardtransportof sediments are inlet and overwash
processes. Second, the more recent and highly stablecentral section of the island, in the vicinity of
therelictoffshoreHuntington RiverDelta,is markedby eolianprocesses andextensive unbreached
dunes. The deltaactsasa baffle to theeffects of majorstormwaves. Finally,the juvenile western
section of the island is dominated by lateralspit platform accretion in the vicinity of Fire Island
Inlet, recurved dune deposits associatedwith inlet migration, and beach ridge development.
Sediments for the accretingspit platformarederived from the updraftHuntington River Delta and
the dominant mechanism for the inland transportof sediments is by overwash processes.

In order to calculate the local sediment budget, fifty equally spaced cross-island transects
were employed as representativesamples. The profiles were taken from topographic/vegetative
maps based on infrared photography having a scale of 1:2400 and a two foot contour interval.
Additional profiles were taken offshore to a depth of 30 feet in order to establish a nearshore
sediment budget. The individual cells were subdivided to correspond with the appropriate
morphological units. The relativedepth of eachdepositional lense was determined from fifteen
cross-island transects where selective cores were taken. The volume for each lense was
determinedby trapezoidal integration of the profiledataand expanded spatiallyto conform with
area]components for each cell. The volume for the barrierabove mean-sea-level was found to be
sixty million cubic yards. Inlet deposits accounted for44% of overall barrierisland volume, while
30% are associated with overwash deposits, 14%with eolian, 10% with beach and 2% with marsh
deposits. These amounts varylocally aspreviously described. The net nearshore sedimentbudget
forthe islandwas foundto be positive,despiteanet landward migrationof the island.
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GEOMORPHOLOCY AND SEDIMENTARY FACES
OF AN EPHEMERAL WASHOVER BREACH/TIDAL

INLET, CAMINADA-MOREAU HEADLAND,
SOUTHEAST LOUISIANA
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Coastal Geology Program
BoxG
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This study examines the origin, development, geomorphic history and stratigraphyof and
ephemeral washover breach/tidalinlet located0.381 km east of Bay Champagne on the Caminada-
Moreau headland of Lafourche Parish, southeastern Louisiana. Strike and dip oriented
stratigraphic cross-sections were constructed from eight (8) vibracores averaging 3.5 m indepth.
High altitude aerial photographs of the study area, taking in 1960,1965,1973, and 1985, as well
as oblique aerialphotographstaken priorto and just afterHurricane Juanin 1985 were utilized to
determine the relative ratesof beach erosion and vertical accretionof sand by washover processes
in the inlet

Through macroscopiccore analysis,three(3) distinctsedimentaryfades were recognized.
From bottom to top, these fades are:(1) Bay Fill;(2) Marsh;and (3) Washover.

1. The Bay Fill fades is characterized by alternating layersof thin sandsand silry sands
with silly clays and clays. An increase in sand content and bed thickness is noticeable towards the
top of the sequence, representing a gradual increase in energy and proximity to a source of
sediment supply. These sediments appear to have been deposited as crevasse splays from the
Bayou Lafourche distributary. Sedimentary structures associated with thisfaeies include parallel
laminationsand cross-stratified sandsand silts with a varietyof climbing ripplesand troughcross-
bedding. Mica and thin layersof organicdebrisarecommon alongbedding plane surfaces in this
fades.

2. The Marsh fades is characterizedby clays with extensive plant (root) and animal
burrow traces which increasetowards the top. Organic particles arealso incorporated into the
clays, andoccuras both thin layersanddiscreteparticles within the clays. Some sand-filledroot
burrows ore also seen, as well as some siderite bands and nodules. This faeies also contains some
oyster shells at the top of individual units.

3. The Washover fades is characterized by thin fine-grained sand blankets of several
superimposed washover deposits. Each washoverdeposit can be ascribed to severe storm or
hurricane events, and contains a shell-rich layer with an erosive contact overlain by horizontally-
laminated sands.



High altitude and oblique aerial photographsof the study area indicate that the inlet is
active only during storms, winter cold fronts, and hurricanes when the beach is breached by
waves. The photographs alsoconfirm thatthe inlet hasnot migratedlaterally (at least since 1960).
This may in partbe due to the transgressive (retrogradational) natureof the headlandin responseto
erosion because of a lack of longshore sediment transport This theory is also supported by the
beachprofiledatawhich indicatesverticalaccretion of sandin the inlet due to washoverdeposition.

The inletrepresents a topographic low (less than 1 m above msl) compared to the
surroundingbarriershoreline;it is easily recognized as a "gap" in the barrier,extending from the
ocean to lagoon without interruption as a sandy, vegelationless low plain. The inlet thalwag or
channel is slightly sinuous in nature, and as stated above, is only active during shore periods of
time in response to storms. This inlet is thereforeclassified asephemeraldue to its limited role as
an active inlet and its non-migratory nature. Additionally, its preservation potential is considered
minimal due to rapidshorelineretreat, erosion,andreworkingof the shoreface.
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A DATA MANAGEMENT SYSTEM FOR
VISUALLY COLLECTED ENVIRONMENTAL DATA

Ann Sherlock and Andre Szuwalski
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Introduction

The Corps of Engineers has as part of its illusion the
responsibility for the design and construction of shore protection
works. In carrying out this nlsslon coastal project planners and
designers require Information on meteorologlc and oceanographlc
forces which effect the coast. The objective of the LEO program is
to provide this information by establishing an econoalcal and easily
retrievable reservoir of repetitive and systematic observations of
both the forces and response elements in the coastal zone.

Data Collection

LEO observations include surf conditions, local winds, littoral
currents, and foreshore slope. Surf conditions include estimates of
breaker height, period, direction, and type of breaking waves. Wind
observations Include speed, measured using a wind meter, and
direction. Longshore currents are measured using small packets of
dye which disperse upon immersion. The current speed is estimated
from the movement of the dyo patch centroid for a ono-mlnute
period. Current direction Is also noted. A measurement of foreshore
slope (using a topographic hand level) is aade at the upper limit ot
that part of the beach which la being vetted by awash runup.

All this data is recorded by the observer on the form shown in
Figure 1 from which the data can be readily transcribed to computer
disk or magnetic tape for further processing.
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The applications expected of the LEO data and the willingness 'if
the volunteer observers determine the collection period and frequency
of observations* As a minimum, observations should be made four
times a weak ovor a period of a year to generate a useable data set.

Data Processing and Storage

Before being converted to a standard computer-readable format,
the LEO data sheets, as they come in from the field, are visually
checked for proper coding of date and location and for obvious
errors. The forms are then sent for keypunching. During computer
processing LEO data are passed through an edit routine that checks
for unreasonable values and flags those particular values. The
observer Is then contacted and requested to verify or correct
questionable data. After these corrections are oade, the LEO data are
archived in a data base that is presently stored on magnetic tapes.

Data Retrieval

The LEO retrieval system is a computer-baaed system that perforins
three functions; data retrieval, data analysis, and report generat
ing. The system Is designed to be Interactive and self-tutorial. It
guides the user through various steps of retrieving a data set for a
particular location and time period from the data base and then uses
this data set to produce available statistical reports. The reports
may be displayed at the user's terminal or directed to a high-speed
printer.
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Figure 1 - LEO data collection form

The LEO retrieval system Is operational on Control Data's Cyber
170 Corps of Engineers dedicated computer in Rockvllle, Maryland.
Communication is established by means of a terminal dial-up
capability. Once the user has gained access to Control Data's
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system, the LEO system is started and functions are selected and
processed. This interactive procedure is initiated from a terminal
with either printer or screen display.

Data retrieval function

This function is initiated Interactively and then completed in
batch mode. An interactive convorsational procedure prompts the user
for information identifying a specific subset of the data base. In
batch mode, data arc retrieved from tape and copied to an exclusively
named user disk file to be used for further processing la the Data
Reporting Function.

Data reporting function

This function prepares and displays statistical reports. It may
be run in either interactive or batch mode. If run interactively,
the user may view the reports at his terminal. If run in batch mode,
the reports are processed independently of the uaor's session and
printed at a high-speed printer.

The Data Reporting Function offers a library of statistical
programs to produce various reports. Each report Is headed by the
report title, site name and number, and latitude/longitude. All
reports may be displayed on the terminal's screen or printer or
printed at a remote high-speed printer. The retrieval system
restricts terminal report output to 22 lines. This program-
controlled Interrupt offers time to view the report and an oppor
tunity to continue or stop the report display. The following are the
reports available to users of LEO data.

1. Dally LEO observatons (Figure 2) - a formatted listing of the
LEO data set. Data parameters provided in the report are surf
conditions, local winds, littoral currents, and foreshore slope.
These parameters are displayed by date and time of observation.

LITTORAL ENVIRONMENT OBSERVATIONS (LEO)

(11897) PANAMA CITY. FLORIDA LAT 30 12.78 - LONG 85 32.54

WAVE WAVE WAVE WINO SHORE SURF OTE LONGSKOSE
PERIOD HEIGHT OIR SPEED DIR SLOPE WIDTH CIST CURRENT

DATE TIME SEC FEET UPH DEG FEET FEET FT/SEC OIR

1 JAM 84 0700 11.9 3.0 083 10 NE 10 ISO 40 .67 I
1 JAN 84 2000 11.7 3.0 080 II NE 10 230 40 .58 1

2 JAM 84 0700 11.0 2.0 080 10 NE 10 140 40 .50 1

2 JAN 84 1900 10.7 2.0 080 9 NE 10 210 40 .50 1
3 JAN 84 0700 10.1 2.0 080 II NE 10 180 40 .42 1

3 JAN 84 1900 10.7 2.0 080 II NE 10 ISO 40 .42 1

4 JAN 84 0700 10.4 l.S OSS 10 N 10 130 40 .25 I
4 JAN 84 1900 9.7 1.0 085 9 SE 10 90 40 .50 1

5 JAN 84 0700 11.1 2.0 100 13 SW 10 160 40 .42 1
5 JAN 84 1800 10.0 2.$ 100 12 SW 10 210 40 .SO 1

6 JAN 84 0700 10.0 2.0 080 18 KE 10 ISO 40 .00 0

6 JAN 84 1800 10.7 2.0 080 IS NE 10 230 40 .33 1
••• MEANS ITEU WAS LEFT BLANK

LONGSHORE CURRENT DIRECTION: -1 • FLOW TO RIGHT. 1 . FLOW TO LEFT. 0 - MO FLOW

Figure 2 - Dally LEO observations



2. Table showing days when LEO observations were made (Figure 3)
- a graphic representation of days when observations were made during

the month for a particular year. Included also are Che number of
observations made for the month and for the entire time period.

DAYS WHEN LEO OBSERVATIONS WERE TAKEN
<I2897)PANAMA CITY .FLORIDA

LATITUDE 30 12.78 - LONGITUDE 85 52.54

1984
1111111111222222222233

1234307890123458789012345878901
JAN >>»»>>»>»>>»»»>»>>»»>»»>>»»»»»»

FEB

MAR >>>>>>»»>>>>>••>>>>>>>»>>>•»>>>

APR >>»>>»>>»»»>•>»•>»>>>»>>>»>>»>

MAY >»»»»»»»»»k»>»k»>>»»>>>>>»»>>>»

JUN >»»>»»»»»»»>»>»>»»>>»>>>>>>»»>

JUL >»»»»»»»>»>»>»»»>>»»»>>»»>>>»»>

AUG >>>>*»>>>>>*>>>*»>>»>>>>>****

SEP >>»>»>»»»»»»»>»>>>»>»*>>>>>>>

OCT »>»»»»-»»»»»»»»»>>>»»>>»»>»»»»».»

NOV »»»»»»»•»»»>»>>»>»»»>»>>>>>>

DEC »>»»>»»»»»>»»»>»»>>>»>»>»» »>

• ONE OBSERVATION, > TWO OBSERVAT

64

60

60

64

82

80

S3

62

62

63
61

38

ONS

74.1 OBSERVATIONS OUR I NO THE PERIOD 01-01-84 TO 12-31-84

Figure 3 - Days when observations were taken

3. A sunmary table of surf, wind, sedlocnt transport, & beach
statistics - a collection of four separate categories of data. The four
categories of data are:

a. Surf observations (Figure 4) - monthly averages of wave
height, period, width of surf zone, angle of wave approach to the
shoreline, the number of observations made, and the number of observa
tions of calm conditions. The report also gives averages for all the
surf data acquired during the year.

SURF OBSERVATIONS SUMMARY
(12897) PANAMA CITY, FLORIOA

DATA COLLECTED FROM 01 JAN 84 TO 31 DEC 34

LAT 30 12.78 - LONG 85 52.9a

MON NUMBER CALM AVERAGE AVERAGE PERCENT OCCURRENCE AVG. NL'M

OBS. OSS. HEIGHT

(FT)(I)

PERIOD

(SECH1)

HUM .90 -90 <90 ZONE

(FT)

CBS

JAN 64 1 3.17 11.42 63 12.7 9.5 77.8 348 62

FEB 60 1 3.34 11.15 59 33.9 13.6 52.5 397 59

UAR 60 7 2.83 9.93 S3 22.6 20.8 56.6 361 SI

APR 64 4 3.73 11.06 60 35.0 16.7 48.3 527 60

MAY 62 4 2.90 10.55 S3 8.6 25.9 65.5 397 58

JUN 60 15 1.23 7.39 45 22.2 20.0 57.8 120 45

JUL 63 11 1.46 8.30 52 11.5 38.5 51.9 146 52

AUG 62 6 1.85 9.18 56 30.4 19.6 50.0 164 55

SEP 62 4 3.74 11.05 58 .0 5.2 94.8 504 50

OCT 65 0 2.93 11.43 65 .0 12.3 87.7 381 65

NOV 61 0 3.71 11.62 61 1.8 14.S 83.6 S04 53

OEC 58 6 3.16 10.36 52 17.3 3.8 78.8 453 51

YR 741 59 2.84 10.30 682

(1) CALMS NOT INCLUDED IM AVERAGE CALCULATION.
IS.3 67.7

Figure 4 - Surf observations
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b. Hind observations (Figure 5) - monthly averages of wind
speed and percent occurence of wind cooing from a specific direction
(i.e. north, northeast, south, etc.). An average for all wind data
acquired during the year is also printed.

aillD OBSERVATIONS SUMMARY DATA OOLLECTEO FROM 01 JAN 84 TO 31 0EC 84
(12897) PANAMA CITY. FLORIDA LAT 30 12.78 - LONG 85 52.54

UON NUU

OBS

AVG

SPEED NORTH N.

PERCENT

EAST S.

OCCURRENCE FROM-

SOUTH S. WEST N. CALM

(MPH)(1) EAST EAST WEST WEST

JAN 64 13.9 14.1 40.6 14.1 15.8 3.1 3.1 .0 9.4 .0

FEB 60 15.7 5.0 16.3 10.0 21.7 13.3 3.3 3.3 25.0 .0

MAR 50 13.0 10.2 11.9 IS.6 25.4 13.6 5.1 .0 13.6 1.7

APR 64 15.4 7.8 3.1 10.9 25.0 20.3 8.3 4.7 21.9 .0

MAY 82 12.3 8.1 4.S 14.5 38.7 24.2 .0 1.6 6.5 1.6

JUN 60 8.1 .0 3.3 18.3 43.3 8.3 11.7 11.7 3.3 .0

JUL 62 8.1 .0 1.6 30.6 12.9 45.2 9.7 .0 .0 .0

AUG 61 8.4 1.6 8.2 11.5 32.8 16.4 4.9 4.9 18.0 1.6

SEP 62 12.2 3.2 45.2 27.4 17.7 6.5 .0 .0 .0 .3

OCT 64 12.3 3.1 4.7 35.9 35.9 20.3 .0 .0 .0 .0

NOV 61 13.5 24.6 24.6 19.7 26.2 3.3 .0 .0 1.6 .0

occ 57 14.1 12.3 7.0 29.B 28.1 5.3 3.5 8.a 5.3 .0

rS 736 12.3 7.5 14.5 20.1 26.9 15.1 3.9 2.9 8.7 .4

(1) CALMS. IF ANY INCLUDED IN AVERAGE CALCULATION.

Figure S - Wind Observations

c. Current observations (Figure 6) - monthly averages,
standard deviation, and number of observations made for current movemen
to the left and current movement to the right. Also given Is the
monthly net current averages and number of observations oade.

CURRENT OBSERVATIONS SUMMARY OATA COLLECTED FROM 01 JAN 84 TO 31 DEC 84
(12697) PANAMA CITY. FLORIDA LAT 30 12.78 - LONG 85 52.54

UON NUMBER CURRENT TO LEFT CURRENT TO RIGHT -NET CURRENT-
CALM AVERAGE STANDARD NUU AVERAGE STANDARD HUM AVERAGE NUU
OBS. (1) OEV. 08$ (1) DEV. OBS (1.2) OBS

.25

JUL 11 -.23 .20 7 .28 .13 45 .19 52

AUG 3 -.41 .14 19 .44 .21 40 .17 59

SEP 0 .00 .00 0 .93 .54 62 .93 62

OCT 2 .00 .00 0 .58 .28 63 .58 S3

NOV 1 -.33 .00 1 .70 .40 59 .68 60

DEC 3 -.40 .23 10 ,60 .31 44 .42

YR 44 -.69 .44 117 .62 .39 575 .40

(1) CALMS NOT INCLUDED IN AVERAGE CALCULATION.
(2) CURRENT MOVEMENT INDICATORS: MINUS SIGN (-) • LEFT; NO SIGN - RIGHT.

Figure 6 - Cucrent observations



d. Sediment transport volume (Figure 7) - monthly net, gross left,
and gross right transport voluaes. Two methods described In section
four (Shore Protection Manual (SPH) 1984) are used to calculate the
transport volume. The yearly volume Is calculated by summing the
monthly values.

SEDIMENT TRANSPORT VOLUME SUMMARY

(12897) PANAMA CITY. FLORIOA

DATA COLLECTED FROM 01 JAN 84 TO 31 OEC 84

LAT 30 12.78 - LONG 85 52.54

UON METH001 GROSS LEFT GROSS RIGHT UETH002 GROSS LEFT GROSS 0 IviKT

CU YD OSS CU YO OBS CU YO OBS CU YD OBS CU YO OBS CU YD OBS

JAM 419BS( 63) -49404( 8) 91369( 49) 9831S( 59) -146073( 6) 244390( S3)

FEB -29792( 59) -62273C 20) 32461 ( 3D -185163) 54) -26593S( 19) 100771C 35)

MAR -143881 S3) -618SS( 12) 47497( 30) -50303( 49) -1539941 11) 103690( 33)

APR -8193( 60) -75871 ( 21) 876721 29) -34469( 59) -278183( 23) 243713( 36)

MAY 38600( SB) -21092( 5) 59692( 38) 180194< 57) -66524( 5) 246719( 52)

JUN 9146( 45) -2965< 10) 12112( 26) S1S0( 41) -1447( 12) 66281 29)

JUL 1215H 52) -I43K 8) 13582( 27) 12294( 45) -662( 3) 129S7( 42)

AUG 9568( 56) -8544( 17) 18113( 28) 27I09( 52) -4736( 17) 31846( 35)

SEP 241463( 58) 0( 0) 2414S3< 55) 756533( 50) 0( 0) 7S6S33( 50)

OCT B1643( 65) 0( 0) 8I643( 57) 217356( 63) 0( 0) 2173S6( 63)

NOV 171332( 61) -1477( 1) 172810( 51) 3612531 52) -4491( 1) 38S744( 51)

OEC 130886C 52) -19795( 9) 150681{ 41) 3340S3( 48) -20778( 7) 3S4B3K 41)

YR 634398(882) -304737(109) 989135(462) 1742353(829) -942823(104) 2685178(525)

NUMBERS IN PARENTHESIS REPRESENT NUMBER OF OBSERVATIONS PER CATEGORY

•EXPLANATION OF THE SEDIMENT TRANSPORT VOLUME METHODS USED IN THE NEXT REPORT-
ESTIMATED SEDIMENT TRANSPORT VOLUMES ARE GIVEN IN CUBIC YARDS. TWO METHODS

DESCRIBED IN SECTION 4 OF THE 'SHORE PROTECTION MANUAL' (SPM) ARE

USED TO CALCULATE THE TRANSPORT VOLUME. NEGATIVE VALUES INDICATE
TRANSPORT TO THE LEFT.

METHOO 1. THIS METHOO IS BASED ON EQUATIONS 4-33 AND 4-508 FROM THE SPM.
A LONGSHORE ENERSY FLUX (EQUATION 4-38) IS FIRST CALCULATED FOR

ONLY THE OAYS OF THE MONTH WHERE WAVE HEIGHT AND ANGLE OF AP

PROACH HAVE BEEN RECOROED, THEN AN AVERAGE FLUX FOR EACH MONTH
IS CALCULATED. ANO FINALLY THESE MONTHLY VALUES OF FLUX ARE SUB
STITUTED INTO EOUATION 4-508 ANO DIVIOEO BY 12 TO GET THE NET

MONTHLY SEDIMENT TRANSPORT VOLUMES. THE YEARLY SEDIMENT TRANS

PORT VOLUME IS CALCULATED BY SUMMING THE MONTHLY VALUES.

METHOO 2. THIS METHOD IS BASED OM EQUATIONS 4-51. 4-52. ANO 4-5C8 FROM THE
SPM. USING RECOROED OBSERVATIONS OF WAVE HEIGHT. WIOTH OF SURF

ZONE, LONGSHORE CURRENT. ANO 01STANCE TO DYE PATCH FROMSK0RE-
LINE AND FOLLOWING THE SAME PROCEDURE AS UETHQO 1. NOTE: RECENT

FINDINGS INDICATE A FRICTION FACTOR OF .008 SHOULO 8E USED IN
EQUATION 4-52.

Figure 7 - Sediment transport volume

** Percent occurrence of wave period vs wave height
(Figure 8) - a tabular grid of percent occurrence of waves by height and
period for all possible wave directions. Period Is presented in row
}rder at two second Intervals. Height Is displayed in columnar format
it one foot Increments.

435



436

LEO PERCENT OCCURRENCE OF WAVE PERIOD VS WAVE HEIGHT
1289T-PANAMA CITY, FLORIDA OATA COLLECTEO 01JAN84 TO 310EC34

HST (FT) 0 1 2 3 4 5 1

0.9 1.9 2.9 3.9 4.9 5.9 3.1

PER (SEC)

0-> 1.9 0. 0. 0. 0. 0. 0. 0

2-> 3.9 0. 0. 0. 0. 0. 0. 0

4-> 5.9 0. 0. 0. 0. 0. 0. 0

6-» 7.9 0. 0. 0. 0. 0. 0. 0

8-» 9.9 0. 11. 7. 0. 0. 0. 0

10->I1.9 0. 4. 28. 19. 2. 1. 0

12->13.9 0. 0. 0. 3. 8. 9. 4

14-»15.9 0. 0. 0. 0. 0. 1. 2

16->17.9 0. 0. 0. 0. 0. 0. 0

18->19.9 0. 0. 0. 0. 0. 0. 0,

20->21.9 0. 0. 0. 0. 0. 0. 0

22 . 0. 0. 0. 0. 0. 0. 0

7 8

.9 8.9 I

9

.9 II

12

12.9

13 PERCENT

11.9

0.

0.

0.

0.

0.

0.

0.

0. 0.

0.

0.

18.

53.

26.

3.

0.

0.

0.

0.

PERCENT 0. IS. 34. 22. 11. 11. 7. 1. 0. 0. B. 0. 0. 0.
CALM - 8. PERCENT ( 59 OBSERVATIONS) TOTAL OBSERVATIONS - 741

ONLY REPORT IN THIS CATEGORY WHEN REAOY TO PROCEED: TYPE SPACE 8. CP.

Figure 8 - wave period vs wave height

5. Percent occurrence of wind speed vs wind direction
(Figure 9) - a tabular grid reports percent occurrence of "winds by speuit
and direction. Speed is presented in row order at two mile per hour
increments. Direction is presented In colimnar format by direction from
which the wind is cooing.

LEO PERCENT OCCURRENCE OF WIND SPEED VS WIND DIRECTION
12897-PANAUA CITY. FLORIDA OATA COLLECTEO 01JAN84 TO 31DEC84

DIRECTION N NE E SE S SW W NW PERCENT

SPEED (UPH)

0-> 1.9 .0 .0 .0 .0 .0 .0 .0 .0 .0

2-» 3.9 .0 .4 .1 .7 .t .1 .0 .0 1.5

4-» 5.9 .0 .3 1.4 1.2 .5 .7 .5 .1 4.8

e~> 7.9 .4 .5 2.4 2.6 2.4 .7 .7 .7 10.5

B-> 9.9 .5 2.4 3.0 4.4 3.5 .8 .3 .8 15.8
i0-> 11.9 1.1 3.1 5.6 5.4 2.0 .4 .7 .6 19.2

12-> 13.9 .3 1.5 3.4 4.4 I.I .4 .1 .4 11.6

14-> 15.9 .5 .8 1.4 3.3 1.4 .3 .1 .8 8.S

16-> 17.9 1.4 2.3 I.I 2.9 .5 .1 .1 1.1 9.5

1B-> 19.9 1.4 1.4 .8 1.0 1.4 .1 .1 1.5 7.6
20-> 21.9 1.4 1.0 .7 1.1 1.0 .1 .1 1.1 6.4

22-> 23.9 .3 .7 .3 .1 .5 .0 .0 .5 2.4
24- .3 .1 .0 .0 .5 .1 .0 .8 1.9

PERCENT 7.5 14.6 20.1 28.9 15.1 3.9 2.9 8.7

!ALM - .3 PERCENT ( 2 OBSERVATIONS) TOTAL OBSERVATIONS - 73:

Summary
Figure 9 - Wind speed vs wind direction

The LEO program can provide an economic data base of coastal
information for areas where no other data exist or where funds are not

available for sophisticated Instrumentation. The program provides diei
of sufficient accurracy to determine seasonal and geographic trends and
to describe some key aspects of the nearshore environment. However, LEO
data must be used carefully with recognition of its limitations.
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A SOURCE OFTOXICS ANDPOLLUTANTS
DATA FOR COASTAL AREAS

Elaine V. Collins
Nsuorul Oceanic«nd Atrnosphoic Administration

2001 Wisconsin Avenue, NW
Wtjh»gtoo,D.C 20235

As a result of monitoring and other studies, concentrations of metals, hydrocarbons,
pesticides, and other compounds have been measured in U.S. coastal areas. Some of these data
have been incorporated in a data file of toxics and pollutants at the National Oceanographic Data
Center. A summary of the levels of nearly 60 compounds from this file has been done recently.
The number of samples and the maximum and minimum levels found in water, sediment, and
organisms are summarized for all coastal areas. These data are an available resource for all
investigators.
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MANAGEMENT AND ANALYSIS OF
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Aanapolu.MD 21401

C. M. Bundrick
Institute for Statistical and
MafteiiiMical Modeling

University of West Honda
PerascoU. FL 32514

Introduotlon

The Statlatloal Analysis System (SAS) is a oomputer program for
managing and statistically analyzing data. SAS was develped in the
early 1970's In response to the growing need for an Integrated oonputer
package that oould onrry out statlstloal computations as well as
manipulate large or ooaplloated data seta. In the SAS package, these
two capabilities are ooablned with an easy-to-use ooanand language
processor. Using SAS, It Is possible to write complicated aooputor
procedures for managing or analyzing estuarine data using a few
straightforward SAS oommanda. Today, the SAS package is very popular
with estuarine reooarobers and managers In government, research
Institutions, and private Industry. This paper dismisses cany of the
SAS tools currently being used for managing and analyzing the estuarine
data base now under development by the D.S. Environmental Protection
Agency's national Estuary Program.

The National Estuary Program provides for the characterisation of
water and sediment quality, living resources, and the effects of
pollution on the nation's estuaries. The purpose of this
obaraoterlzatlon Is to document the ohanges that have ooourred as well
as the present health of estuaries and to support the development of
new pollution abatement strategies. These tasks require a large,
quality assured data base.

The first step In the estuarine oharaoterlzation prooess is to
Identify and prioritise problems of widespread oonoern (e.g., depletion
of fish stocks, eutrophloatlon, etc). Onoo these problem areas are
identified, associated researoh hypotheses are developed. Next, the
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appropriate variables and parameters for each hypothesis/problem area
are defined. At the sane Use, aolentifloally ooooptable parameter
Halts, measurement units, and common definitions for each variable
must be developed so that diverse data sets may be quality assured and
Integrated Into a single computer data base.

The National Estuary Program Is using SAS for tracking data sets,
for data management, for analyzing estuarine data, and for quality
assuranoe. Each of these topios will be briefly discussed In the
following seotlons.

SAS Estuarine Data Set Tracking

The National Estuary Program is using SAS to track the process of
Identifying and aoqulrlng historical data sets for Inclusion In the
National Estuary Data Base, A SAS data set structure Is used to record
Information generated from Interviews with researohers and
environmental managers. This Information includes the spatial and
temporal coverage and types of data included la eaoh historical data
set. The Information Is updated as necessary using baslo SAS DATA step
procedures. SAS report writing and graphical procedures are used to
prepare summaries of the data base. This helps to foous the searoh for
data sets and to Identify data gaps.

Estuarine Data Management using SAS

The data struoture used for the National Estuary Data Base Is a
simple rectangular data matrix. The ooluttas of the matrix represent
variables, and the rows represent observations. All measured parameter
values are stored In double (64 bit) precision. Sampling design
parameters such as station name are stored using SAS abaraater
variables. Character variables in SAS oan store up to 200 byte
character strings. The data dictionary for seleoted variables In the
data base Is shown In Table 1. SAS variable names oan be any
oosblnatloa of letters, numbers, and most special oharaotors, up to a
maximum length of eight oharaotors. A 40 byte label is associated with
each variable In the data base. This provides additional Information
on the precise nature of each parameter, measurement units, sampling or
analytical procedures, etc. Variable labels In SAS appear on the
print-out from most statistical procedures.

Host data manipulation In SAS is accomplished In the DATA step.
Estuary staff use the DATA step to select observations and variables
for analysis, to transform variable values, to oreote new variables
from combinations of existing variables, and to perform additional
quality oontrol checks on the data base. The SAS DATA step lnoludos
many more data management capabilities than oan be desaribed In this
paper. A list of some oomoon data management tools available In SAS la
given in Table 2.



Table 1.~Data Dictionary for Selected Variables In the National
Estuaries Program Data Base.

SAS Variable Length
Name Type

Numerla

(Bytes)

DO 8

B0D5 Numeric a
CBLOHAC Numeric 8
CHLORAU Numeric 8

NB3 Numeric 8
SALIN" Numerlo 8
SECCHI Numerlo 8
DEPTH Numeric 8
STATION Character IS
SEGMENT Charaoter 5

SAS Label

Dissolved Oxygen (mg/1)
5 Day Biological Oxygen Demand (mg/1)
Chlorophyll A Corrected (ug/1)
Chlorophyll A Uncorrected (ug/1)
Ammonia as U (mg/1)
Salinity (ppt)
Seoohl Depth (m)
Station Depth (m)
Sampling Station

SAS Estuarine Data Analysis

Many statistical procedures for summarizing and analyzing estuarine
data are available In SAS (Figure 1). These can be divided into three
major groups - descriptive, model building, and Inferential. Several
of the descriptive procedures ore discussed below. The model building
procedures Include PROC REG (for regression analysis), PROC CORR (for
correlation analysis), and PROC DISCRIH (for discriminant analysis).
Inferential procedures are used to statistically test hypotheses about
some estuarine process. An example is PROC OLH, which is used for
linear model analyses. These procedures typloally require one or more
assumptions about the distribution of the data, and sometimes about the
sampling/experimental design. They are not always appropriate for the
analysis of historical data, but ore very powerful for analyzing data
from a designed experiment or sampling program.

Examples of SAS Deaorlptlve Statistical Procedures

PROC FREQ is used to desoribe both character and numeric data. Its
primary purpose is to caloulate observed frequency counts for one or
more variables. The frequency aounts are presented in a frequency
table, which can be one-way or multi-way (for orosstabulatlons of two
or more variables). This procedure oan also compute various
statistical tests of association or independence, auoh as the usual
Chi-Square Test.

PROC UNIVARIATE computes various statistics describing the
distribution of one or more numerlo variables. Included are measures
of central tendency such as the mean and median, and estimates of
variability suoh as the standared deviation and range. The procedure
also oomputes a number of usoful quantlles, including the sample
quartilea and various percentiles. These and other statistics are
presented In a concise table.
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Figure1.—SelectedSASStatisticalProcedures.

DESCRIPTIVE

FBBQ

OIOTABLlTrJ

STJIOUKY

IffiANS

TABULATE

PLOT

CHART

SASSTATISTICALPROCEDURES

CANCOEB

FACTOB

PBINCOIIP

MODELBUILDING

COBB

STBFnTSB

NLIN

ESQCABB

CUTSTSB

ACECTJTS

FASTCUTS

TEKB

VABCUTS

CATUOO

PEOBTT

INFERENTIAL

cue

ANOVA

TTBST

VABCOMP

NESTED

CANDISC

SBCBDI

NBICHBOB

STEPbTSB



Table 2.—Selected SAS Data Management Tools.

Data Input
Data Set Transfer - Among Different Machines
Sorting - Multlplo Sort Fields
Character String Manipulation
Appending of Two or More Data Sets
Merging of Two or Hore Data Sets
Interleaving of Two or More Data Sets
Data Set Subsettlng Based on Logical Testing
Deletion of Variables or Observations

Variable Renaming
General Data Transformations

Maoroa - For Storing Frequently Used Sections of Code
Matrix Processing
Multiple Simultaneous Pile Processing - Input and Output

PROC TABULATE calculates descriptive statistics and displays them
In tables. The tables are suitable for most reports. This procedure
con also calculate frequency counts and percentages. PROC TABULATE
allows users a great deal of flexibility in the format of their
tables. The physioal layout of the tables and the arrangement of
variables and values in the table are controlled by the user.

Estuarine Data Quality Aaauranoo Using SAS

Many analyses supporting quality assurance aotivltles can be
carried out using SAS graphical procedures. For example, PROC GPLOT
and PRX GCRART produce scatter plots (with overlaid means and standard
deviations, if desired), bar charts, line graphs, and other types of
graphical displays. These help the estuarine researcher to identify,
e.g., keypunch and other data processing errors, and discrepancies In
measurement units. In the National Estuaries Program, data ohooking Is
an Interactive prooess. SAS print-outs are returned to the data
submitter or researcher for verification. After oorrootion, tho data
are displayed a seoond time using SAS graphical procedures to double
check the correction process.

Another Important aspect of estuarine data quality assurance is
documentation. The National Estuaries Program Data Base Includes many
different types of data oolleotod under a variety of sampling
programs. Field and analytioal procedures mist bo accurately and
oonclsely oommunioated to future Data Base users. Data associated with
unusual circumstances oust be noted. Suoh procedures and notes ore
stored in the Data Base through the use of SAS variable labels plus
supplemental, accompanying variables. For example, each physical and
chemical variable con be associated with a two byte character variable
In which remark codes are stored suoh as "less than deteotion limit.*

Another variable is used to store numeric oodos representing various
analytioal procedures. Examples of SAS variable labels are shown In
Table 1.
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INTEGRATING EPA'S ESTUARINE AND COASTAL
ZONE IOTORMATION WITH USER FRIENDLY DATA

BASE MANAGEMENT TOOLS

J. J. Wind, K. M. Green, and S. S. Hufford
AmericanManagement Systems, Inc.

1777 N. Kern Street
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Introduction

Numerous Federal, state, and local governments as well as scientific
and environmental organizations are concerned with estuarine and coastal
zone environmental management. This concern Includes both the short and
long term pollution effects on the associated living resources.
Effective evaluation of point and non-point pollution Impacts on these
ecosystems requires accessing, integrating, and analyzing the extensive
ecological and pollution information residing in numerous data bases.
Unfortunately, Integrating data from these sources is cumbersome and
frustrating because of different access methods, languages, and data
structures. In this paper our overall objective Is to show how
integrating these data can Improve environmental decision-making for the
concerned community identified above. We describe a user-friendly
decision support tool, PIPQUIC, and a second methodology for accessing
several EPA data bases that contain useful estuarine and coastal zone
environmental and pollution data. We Illustrate an analysis using
examples for the Patapsco River and Narragansett Bay.

PIPQUIC; Multimedia Environmental Tools

PIPQUIC 1s an Innovative, analytically-powerful environmental
decision-support tool designed and Implemented by American Management
Systems, Inc., (AHS) for the Regulatory Integration Division (RID) of
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EPA's Office of Policy, Planning and Evaluation. PIPQUIC is a
fully-integrated data base combining air, water, hazardous waste, and
health risk data. It contains pollutant source data for the specific
geographic areas of Philadelphia, Baltimore, Santa Clara, Rhode Island,
and Kanawha Valley, West Virginia. In addition, PIPQUIC provides
user-friendly interactive gateways to several EPA data bases (CDS, NEDS,
PCS, STORET, KWOHS and FINDS).

PIPQUIC Is designed for users with no previous computer experience
and allows them to systematically analyze extensive data traditionally
stored In the separate, media-specific data bases. PIPQUIC supports all
phases of environmental management: problem identification, planning,
regulatory development, program Implementation and results evaluation.
PIPQUIC tools include environmental profiles (e.g., rank sources of air
or water pollution); exposure and risk analyses (e.g., pinpoint
culpability for modeled pollutant concentrations and risk); and
•what-if" analyses (e.g., evaluate alternative pollution control
strategies).

PIPQUIC; Baltimore study area

For major industrial surface-water dischargers into the Patapsco
River and Baltimore Harbor, PIPQUIC retrieved data from EPA's PCS to
profile flow, total suspended solids, and 100 toxic compounds. Loadings
were computed by multiplying flow times concentration where loading data
were not available. PIPQUIC also Integrated extensive Discharge
Monitoring Report (OMR) data collected from Industry files, that had not
been previously Incorporated Into any automated system. Finally, a
model based on the National Urban Runoff Program (NURP) was used with
PIPQUIC to estimate seasonally-adjusted non-point toxic discharges.
Indirect discharge (pretreatment) data from the Baltimore Water
Department was also acquired and and added to the data base. Hazardous
waste data from Maryland's Hazardous Waste Manifest System as well as
EPA's Hazardous Waste Data Management System were also made available
through PIPQUIC.

The Integrated air emissions data Include Maryland's toxics
Inventory for major point sources and estimated toxic organic emissions
for minor point sources. These data were accessed from Maryland's Air
Registry System and Incorporated a set of emission factors developed by
EPA's Office of Air Quality Planning and Standards. For boilers and
sewage treatment plants, AMS added detailed emissions estimates provided
by another contractor. The Hazardous Emissions Model and Integrated
System (HEHIS), a state-of-the-art national data base of county-level
emissions estimates was used to provide data on impacts such as gas
marketing; road vechiles; waste oil burning; residential, industrial,
commercial heating; cooling towers; and agricultural burning.

A profile of the point sources of pollution in the Patapsco
River

In the Patapsco River Basin there are 28 NPOES municipal dischargers
with only four of those being majors (discharging more than 1 MGO). Of
the 186 NPDES Industrial dischargers, 31 discharge more than 1 MGO



(figures 1 and 2). On a first order analysis, 1t is possible to
determine what the rank order of pollutant discharges are based on
parameter type (figure 3). To Illustrate how an Interactive decision
support system can be used to answer the what if scenarios, we examine
which industry types (based on SIC codes) are responsible for
discharging the pollutant lead, and then Identify which particular
facility 1s the significant discharger (figures 4 and 5). It is possible
to develop any number of scenarios and examine any combination of
pollutant types or facilities to gather a profile of pollutant impact on
a particular waterbody. We then used PIPQUIC to access and retrieve
STORET ambient water quality data for several lead paramters. The
results of these retrievals provided a detailed listing of stations, and
Identified the dates of sampling, responsible agency, and parameter
levels. We were also able to map these stations and see their locations
on the river In relation to the major municipal and Industrial
discharger.

Using PCS to Profile Point Sources of Pollution in Marrangansett
Bay

The Technical Support Division of EPA's Office of Marine and
Estuarine Protection (OMEP) asked AMS to support their point-source
discharge characterization studies for selected U.S. estuaries by
showing how data from EPA's Permit Compliance System (PCS) could be used
in estuarine characterization studies. In addition to having AMS
evaluate the data quality of PCS, CMEP asked AMS to develop a
methodology to download PCS data for limited geographical areas into an
easy-to-use, quality-controlled data base.

OMEP and AMS agreed that, due to resource constraints, the most
effective approach would be to establish a limited data base containing
data extracted from PCS for two selected estuaries. The estuaries
selected were Narragansett Bay and Puget Sound. 'This section describes
the methodology developed to create estuary-categorization data bases
using PCS data and the types of analysis provided.

Analysis of PCS structure and data quality

The PCS data was acquired on magnetic tapes and reviewed. A set of
criteria for extracting data for use in later phases of this work
assignment was developed and computer programs, were written to read and
summarize the tapes' contents. The four record types used are described
below:

o Facility Data: Facility data records are keyed to a NPOES
permit number and contain Information about each facility.
113,844 facilities are listed 1n PCS nation-wide. PCS User
Support staff report that Basin Codes, present in about 90% of
the Facility Records, are of good quality.

o Pipe Data: Pipe data are keyed to a NPDES permit number and an
outfall identifier. The outfall IDs are usually equivalent to
pipe numbers.

o Permit Limitation Data: Permit limitation data are keyed to a
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NPDES permit number, an outfall 10, and a five-digit parameter
code similar but not identical to codes used In STORET, and
special fields for monitoring type and location. For
Individual parameters, permit limitations may be stored in
terns of maximum, minimum or average amounts or concentrations.

o Measurement Data: Measurement data are keyed to NPDES permit
number, an outfall ID, parameter code, etc., and a reporting
date, usually year and month. Measurement records contain
maximum, average or minimum amounts or concentrations reported
on monthly Discharge Monitoring Reports (DMRs) by permitted
facilities.

Creation of the selected estuary data base

The PCS data of interest was extracted and loaded into a
direct-access data base using SAS software on the NCC IBM. PCS data
were loaded for Facility data, Outfall data. Permit Limitation data, and
Measurement/Violation data for the two selected estuaries ~
Narragansett Bay and Puget Sound.

Since latitude and longitude data are not part of the PCS record
file, we merged facility coordinates from another EPA system, FINDS.
FINDS contains latitude/longitude data for the ZIP code centroids of
approximately 40 percent of PCS facilities.

The following general conclusions apply to these procedures:

o For most dischargers In PCS, only data at the Facility record
level 1s available. PCS does not contain Measurement record
data for most dischargers found at the Facility record level.

o In both estuaries, a few facilities, largely the major
dischargers, account for virtually all measurements.

o Virtually all lower level records are tied to "parent" records,
indicating good quality control.

o Many important dischargers lacked latitude/longitude
coordinates 1n FINOS, and some facility coordinates in FINDS
were inaccurate.

Data manipulation, and loading estimates

Because PCS Measurement records contain no field for unit of
measure, the first step necessary In estimating pollutant loadings from
PCS data is to link the Measurement records to their corresponding Limit
Records to obtain the standard units of measure. Moreover, to
complicate the problem of estimating pollutant loadings, some
measurements are reported in terns of concentration, e.g., milligrams
per liter, and some are reported 1n terns of quantities.

To estimate pollutant loadings using the PCS data, an algorithm
consisting of several steps was developed to standardize these



variables. This resulted in a set of month-by-month records for the
selected pollutants. We chose KGD as the standard unit for loadings and
merged monthly pollutant records with monthly Flow records.

A profile of point source pollution In Narragansett Bay

For Narragansett Bay, AMS extracted data for 613 facilities in EPA
Region I with PCS basin codes "0611." About 200 facilities 1n
Massachusetts and Rhode Island had missing basin code values and these
facilities were consequently not Included In the working data subsets.

Of the 613 facilities listed in PCS as discharging into Narragansett
Bay, 123 have at least one corresponding Outfall record, 121 have at
least one corresponding Limit record, and 103 have at least one
corresponding Measurement record. Of the 3S4 total Outfall records, 340
have a corresponding Limit record and 263 have a corresponding
Measurement record. Of the 3,129 total Limit records, 1,926 have a
corresponding Measurement record. In total, there were 51,515
measurement records that satisfied the criteria established for
Inclusion Into the working data set.

The analyses performed on these data fall Into the following
catagories:

o Time series, based on monthly data from 1985 to present, help
spot trends

o Bar charts based on 1985 averages, rank sources and profile
point sources of pollution in terns of pollutant type and
facility

o Bay Maps, based on 1985 averages, pinpoint facility locations
and illustrate discharge levels in terms of circles related in
size to KGO.

Examples of these analyses are provided in figures 6, 7, and 8.

Conclusion

The above examples show how Integrating estuarine and coastal zone
information can Improve environmental deolon-making by providing
pollutant profile results in an interactive framework that enables
what-1f and sensitivity analyses. These results can be used to determine
emission and risk Implications of alternative control options when
comparing various pollutants and facilities. S1m1)ar1ly, these analyses
can assist In targeting the highest payoff control opportunities within
a regulatory or standard setting context. One obvious application, for
example, would be establishing an ambient monitoring station near the
Bethlehem Steel Plant to determine whether the high discharge levels of
lead are detected in the water column of the Patapsco River. With this
type of Information, the State of Maryland permit writers could better
set parameter limits based on "real" Impact data. In the case of
Narragansett Bay, the data base tools could be used to assist In
targeting specific point sources of discharge to try and limit specific
pollutant types (e.g. cadmium) or specific loading sources. These types
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of multi-media and Integrated environmental decision-making should
become more cornnonplace in the EPA arena. The tools to accomplish this
enlightened approach are available with today's technology. The goal 1s
now to sensitize and enlist the support of the appropriate
administrators and managers to use these decision support tools.

Figure 1 Figure 2

MIMT fOlJKf* 0* UftTf* S1KMMQU

Figure 3

ckcuocoi Tit nou lea-*

WON iytyAXvmTm*iT\vcmrc*m
eALCIUR M4M.T44
MVVMI* M0I.4S3
rMGrCSIlff na.iti
CxCMCftt. QXVQD1 9MI.BM
*«S»«M0*U» m».<m
Nioeci lit11.033
abumrut tatt.X*
SCOIIfl isM.m
UtAO 1149.lit

tXOCKDi COUffV

»|« n**T rvum

OTM •«••» tOUCSC

cti* ik«. cxn

*tm mint

«?w "truce fvfr

Mit •*««. «tri

COS citv or »*lti no

rifure 4

^^^^^^ tlll.M

•fT.CM



figure S

ItCUBtVVOJII itw pvmmcc

raClLlTv

Figure 6

•TOCU/TwrtT LOHCINH, UPPUTID rROH «•
UMTTt* «a^»w, DCC*t rtM« TCVUOM «0*JW*

• I.IU1 fthiNKI lt*>

I- >-F.ft.*£H1tM mi* *M-

h-tu t.mttmMttnttt «*• *.».

wm ce» a*

Mclltrv njwc it*ct nwd
rexsoao co-mo** t il.MH

1 >.i*>4

e. mv *mo»u » t a.im
1 t.Mlt

HWOV « IWIOl II i •.*>«**
TOO* INfT%MHT i ♦.«•*

tMT M0U1DPCC * •.««•
•1 voir fernoait t *.•«•
Utt MCDWlOw 1 • ••taM

4 • « • • 1* li K

451

4



Estuarine andCoastal Management • Tools of the
Trade. Proceedings of theTenth National Conference
ofThe CoastalSociety. October 12-15,1986. New
Orleans. LA. Copyright by TheCoastal Society
1987.

THE OCEAN DATA EVALUATION SYSTEM (ODES): A
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AND ESTUARINE ENVIRONMENTAL DATA
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Overview of fiynt-m Goaln and CaiMhllltles

The Ocean Data evaluation System (ODES) is a U.S. EPA computer-
based decision support system located on the U.S. E» National
Computer Center IBM mainframe in Research Triangle Park, NO The
system was developed to help technical staff and resource managers
make informed decisions regarding such activities as the issuance of
discharge permits, designation of discharge sites, approval of
monitoring plans, and assessment of discharge permit compliance.
ODES was developed with two basic components: 1) a database containing
physical, chemical, and 2) a biological environmental data and a
series of analytical tools for data analysis. By integrating these
conrponents into a single system, ODES provides users with the ability
to answer a variety of environmental questions quickly and efficiently.

The ODES system currently can store a wide variety of environ
mental data from marine monitoring programs. User can access this
information and produce tabular reports (e.g., actual data or data
summaries), graphics (e.g., bar charts, plots of data ever time,
scatterplots, and coastal maps), and statistical analyses (e.g.,
analysis of variance, correlation, regression, and power analysis).
Users can log onto ODES and perform these analyses from any location
in the U.S. using a microcomputer equipped with a modem.
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History

ODES was originally developed by the Marine Operations Division
of the U.S. EBA Office of Marine and Estuarine Protection to support
the 301(h) sewage discharge program of the Clean Water Act. Under
this program, publicly owned sewage treatment plants may apply for
waivers from the requirements for secondary treatment of sewage
effluent. If a waiver is granted, dischargers are required to
collect and submit environmental monitoring data to the U.S. EPA.
ODES was designed to provioe both dischargers and the U.S. EPA with
the ability to use this environmental data in assessing the impacts
of the sewage discharges on the marine environment.

The ODES system has recently expanded to include data from the
U.S. EPA ocean dumping and estuarine programs. Data from Puget
Sound, several northeastern estuaries, and baseline surveys at the
106-mile deep-water dump site off the New Jersey coast are being
added to ODES.

System Design

Specific objectives that guided develop of ODES included:

o Rapid, multiuser access to quality assured environ
mental data

o Mem-driven operation with no requirements for knowledge
of computer programing

o Access to powerful statistical and analytical procedures

o Graphical display of data, including data overlays on

o Retrieval of information in a variety of formats

o Downloading information to microcomputers.

The software that was selected to meet these objectives reside
on the U.S. EPA IBM 3090 mainframe. The data within the system are
stored in SAS files. These files are integrated, allowing simultaneous
access to a variety of data (e.g., sediment chemistry and benthos).

COES information may be accessed for the purpose of data retrievals
and analysis. Users, however, do not interact directly with the
system at this applications program level. Instead, individuals
logged onto ODES view menus and respond to prompts produced by a
coonand processor and editor. Users respond to the system prompts
generated by this editor by entering simple English contends. The
coirraand processor takes these responses and, using the appropriate
applications programs, performs the requested analysis. Numerous



help canaands and dictionaries are available to assist users with
their responses.

The only equipsent needed to log onto ODES is a microcomputer,
a modem, and telecomnunications software. This equipment, coupled
with a valid user account, will allow individuals to dial the ODES
computer using toll-free TiWET phone lines. Instructions for
obtaining an ODES account and using ODES are contained in the "ODES
Users Guide" ("User Support," below). All costs for accessing and
using ODES are currently paid by the U.S. EGA.

Pata Entry to CPES

Data are stored in SAS files using National Oceanographic Data
Center (NODC) variable codes. Data files are available for all
types of information connonly collected in conjunction with marine
and estuarine monitoring programs:

o Sediment Chemistry o Trawl/-
Seine

o Hater Quality o Bioassay

o Bioaccumulaticn o Point
Source

Effluent

o Benthos o Fish
Rahology

A description of these ODES data files and the appropriate data
submissions formats can be found in the COS. Cata. Submissions Manual,
(see "User Support," below).

All data submitted to the system are subjected to a quality
assurance review prior to entry into ODES. The purpose of this
review is to ensure that data are entered correctly and to document
the field and laboratory techniques used to generate the data. When
the review is completed, a quality assurance report is produced
discussing any issues that might affect the use and interpretation
of the data. A copy of this report can be obtained from the ODES
support staff for any data file in ODES. Abstracts of each quality
assurance report are also directly available to ODES users while
logged onto the system.

Analytical and Reporting Features

ODES features the fallowing tools for the retrieval, display,
and analysis of data:
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Tool No. Description

1 = PLOT OF CNE CR TWO VARIABLES CVER TIME

2 o purr O? SEVERAL VARIABLES O/ER TIKE (OVERLAY)
3 - PLOT O? MEANS CVER TIME (WITH STANDARD ERROR BARS)

10 = 1 TEST FOR REPLICATED DATA
11 » WJJXCKCS/MAMf-WHIIiffiY U TEST FOR REPLICATED DATA
12 •> CHE-HAY ANALYSIS O? VARIANCE FOR REPLICATED DATA

13 = KRJSKAL-WALLIS K-SAMPLB LOCATIOi TEST FCR REPLICATED DATA
14 = STATISTICAL power ANALYSIS (currently being developed)
20 ° X-Y SOOTERPLOT WITH CCRRELATIO) STATISTICS
30 = CLUSTER ANALYSIS
60 » PLUMB MODELS
70 « MAPS O? SHORELINES AND SAMPLING STATICtiS
71 - 3-D CQJTCOR O? A VARIABLE FCR A SELECTED GEOGRAPHIC AREA

110 » RETRIEVAL OP BQJTHIC SURVEY OATA
140 - RETRIEVAL OF EFFLUENT DATA
ISO - RETRIEVAL O? RECEIVING HATER QUALITY DATA
170 » RETRIEVAL OP SEDIMSTF POLLUTANT DATA
ISO - RETRIEVAL O? BIOASSAY DATA
300 - 301(H) FACTLITIES SUMMARY
302 • 301(H) BQiTHIC SURVEY DATA SUMMARY

New tools are continually being added to the system. For
example, several enhancements to the graphics capabilities of ODES
have recently been completed. These include tools for producing bar
charts and maps of coastal regions. The mapping tools permit users
to plot sampling station locations and to overlay data stored within
ODES onto maps of study areas. The release of all new tools is
announced in the ODES Bulletin ("User Support," below).

User SuEtcci.

The COES staff supports users through a number of activities.
Individuals with questions or conroents regarding the ODES system are
encouraged to call the user support staff at either of the following
two telephone hotline nuaberss

o (703) 841-6109 (9 AH - 6 PM Eastern Time)

o (703) 822-9596 (1 PM - 5 PM Pacific Time)

The support staff periodically distributes an information
bulletin to all ODES users. The bulletin includes lists of recent
data sets added to ODES, information on new ODES tools, and answers
to frequently asked questions. The CDES staff also produces three
manuals to assist ODES usersi ODES users Guide. CDES Data Submissions
dacufli/ and CQES. Tool. Description Marjual, These manuals can be
obtained by calling the ODES user support phone numbers listed above.



Access to System

All requests for access to CDES should be directed to the U.S,
EPA ODES coordinator at the following address:

Allison J. Duryee
ODES Manager'
Marine Operations Division
Office of Marine and Estuarine Protection (WH-S56M)
U.S. Environmental Protection Agency
401 M Street SW
Washington, DC 20460
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COASTAL WETLANDS: ESTABLISHING A NATIONAL DATABASE
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Coastal wetlands are an Important and irreplaceable national resource. From Maine to
Florida,across the Gufl of Mexico to Texas, and intermmentiy atono the West Coast, a thin
belt ol wetlands provide critical habitat to fish, shellfish, and wildlife; litter and process
agricultural wattles, and butler coastal areas against storm and wave damage. They also
generals large revenues from a wide variety ol recreallOnal activities such as fishing and
hunllng.

However, coastal wetlands have been disappearing at an average rale ol 20,000 acres (31
square miles) per year over the past 25 years (Frayer et al., 1983). Urbanization,
agriculture, hydrocarbon exploration, and other human activities have contributed to this
loss. Furthermore, the U.S. Census Bureau predicts that by 1990,75 percent of the U.S.
population will live within 50 miles of the coastline (including the Great Lakes), Indicating
even greater competition In coastal areas tor limited space and resources (President's
Council on Environmental Quality, 1984). In spite ol these facts, no comprehensive
information base on the Nation's coastal wetlands is presently available.

This paper briefly describes a project to develop a comprehensive and consistently
derived coastal wetland data base for the coterminous USA. The Inventory is part of a
series of activities now underway at NOAA to develop a national estuarine assessment
capability. This includes compiiaUon of the best available information at the national level
needed to characterize the physical, hydrologic. biological, and economic dimensions ol
tho Nation's estuaries.

The wetland inventory prolect is being conducted lolntiy by the Strategic Assessment
Branch (SAB) ol the Ocean Assessments Division ol the Office of Oceanography and
Marine Assessment, National Ocean Service (NOS), and the Beaufort Laboratory of the
Southeast Fisheries Center, NationalMarineFisheries Service (NMFS), both components
of the National Oceanic and Atmospheric Administration (NOAA). Development ol this
information is an integral pari of NOS's program of strategic assessments of the Nation's
coastal and oceanic region (Ehter and Basta, 19S4) and NMFS* national program to
determine the status and trends of coastal fisheries habitat (Lindaiiand Thayer, 1982).
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Why Is NOAA Unarmed In ftnMfal W,

Both NMFS and NOS havetraditional roles In the management and protection of the
Nation's coastal andoceanic resources. Because coastal wetlands provide an Important
habitat and food resource for coastal fisheries, their distribution and abundance are ol
Interest to NMFS. Coastal wetlands arealsoan Important ecological component of the
health ol estuaries andaretherefore of Interest to SABwhich Iscurrently conducting a
comprehensive National Estuarine Inventory (NEI).

Development of the NEI beganin 1983. VolumeIwas completedin November of 1985
andcontains physical and hydrologlc data as well as mapstor92 estuarine systems
representing approximately90 percent ol the estuarine surface area and freshwater inflow
to the East Coast. GuN ol Mexico, andWest Coast of the coterminous USA(Strategic
Assessment Branch, 1985). Volume II ofthe NEI win be published inJanuary of 1987 and
willincludedetailedlanduse and population data foreach ol the 92 estuaries.

Each estuary isdesignated bya common spatial una, theestuarine drainage area (EDA),
thatcomprises the land andwater component ol an entire watershed thatmost directly
affects an estuary. EOAs areIdentified to establish the spatial unafor compiling land use,
physical, biological, andother data tocharacterize theestuary. Thegoal istobuild a
comprehensive framework for evaluating the healthand statusof the Nation's estuaries
and to bring estuaries intofocusas a national resourcebase. When completed,the NEI
wil be used to make comparisons, rankings, statistical correlations andotheranalyses
relatedto resource use. environmental quality, and economic values among estuaries.
Wetlands data win be Incorporated intothis framework.

ExistinoWetianrlsnata

Existing data on the areal extent and distribution of coastal wetlands ol the USA have
been compiledby SAB and NMFS In: An Inventory ol the CoastalWoHanrlB of the USA
(Inventory) (Alexander et a!., 1988).Twenty-three sources were consulted to compile
acreagefigures for 242counties In22coastal states. These dataindicate the presenceol
over 11 million acres ol wetlands along the coastlines of the coterminous USA.
Approximately 4.4 million acres were Identifiedas salt marsh, 1.5 millionacres as fresh
marsh, 0.2 million acresas tidal flats, and5 million acresas swamp. The Gulfol Mexico had
the most wetlands(5.2 million acres) followed by the Southeast (4.2 million acres),the
Northeast(1.7 mitBon acres),and the West Coast (0.2 million acres). Delated information
ondatasourcesandacomplete tableofwetland typesandacreages by coastal countyare
presented Intwo appendices to the Inventory.

The fundamental obstacleto consolidating existing dauimo a national database however,
Isaiackofconsiste«vber<»eenthe23daasoorcoscoi»stjtted. Variability Indataquality
andconsistency, and tackot a unifying themeor purpose makes itdifficult to produce an
accurate national picture of coastalwetlands. Inaddition, muchot the existinginformation
is Incomplete and/or outdated. However, the Inventory represents the first attempt to
compile a comprehensive data base forcoastal wetlands.

The U.S. Fish and WBdtife Service (FWS) estimated the extent of coastal and non-coastal
wetlands In1S83(Frayer et al.,1983). However, the datafor thisreport werecompiled by
random sampling rather thana comprehensive inventory andwere intended to highlight
overallnationaland regional trends. Frayeret al. (1983) suggest therefore, that the data
are rrteartmgful onty atthe national orrcjc^nal tevel and are generally unreOabte (or smaller
areas such as states, counties,or estuaries. Another Federal program, the landuse/land
cover program(LU/LC) of the U.S. Geological Survey (USGS). compiles land use data,
including wetlands,based on aerial photography. Although the LU/LC data representsa



complete National data base, the wetlands component Is diflerentialed into only two
categories, forested and non-lorested. compared to Ihe much more detailed Cowardln et
al. (1979) classification system used by Ihe FWS and many state wetland inventories.
There Is also some question about the ability ol the LU/LC data to distinguish accurately
between forested uplands and forested wetlands.

While the compilation and evaluation ol existing data was a necessary first step, they are
not suitable for the development ol a comprehensive national data base. Therefore, the
next step was to evaluate alternative methods for achieving this objective.

AtlamativBS

The most important consideration when reviewing atternallves was Ihe objective to
develop current, consistently derived, and comprehensive baseline information on the
distribution and areal extent of wetlands In the coterminous USA in a timely and
cost-effective manner. Several alternatives were investigated.
Landsat Imagery, both multispectral scanner (MSS) and thematic mapper (TM) have been
used in identifyingand quantifyingwetland areas (May, 1988: Haddad and Harris, 1985).
TM appears to be the most promising and is being used with local success in several areas.
However, it has yet to be proven over large coastal areas with variable geography and
wetland types, and also requires trained personnel and expensive equipment for image
processing.

The NWI program was established by the FWS in 1974 to generate scientific Information
on the characteristics and extent ol the Nation's wetlands (Ttner, 1984). This Information
was to be developed In two stages: 1) the creation ol detailed wetland maps; and 2)
research onhistorical status and trends. The maps, developed using aerial photography,
are generally based on 1:24,000 scale USOS quadrangles and Illustratewetland habitats
classified using the Cowardin et al. (1979) system. Although NWI wetland maps represent
the most reliable source of consistently derived coastal wetland information available, only
approximately 1.000 of the over 5.000 maps required tor complete coverage of the
Nation's estuaries and other coastal areas have been digitized. Therefore, only a fraction
of the wetlands data needed for this project are available. Since Ihe current FWS
technique for digitizing these maps is expensive and time consuming, a complete data
base of NWI coastal maps is not anticipated or planned for by the FWS in the near future.
Furthermore, manipulationof existing and/or futureFWS digitaldata into spatial units such
as coastal counties or EDAs adds additional time and expense to the analysis. Finally. H
was not dear whether the detailed FWS digitizing procedure would be cost-effective tor
the level of data resolution required by NOAA.

Systematic grid sampling of these same NWI maps appeared to be Ihe most reasonable
alternative given that these maps: 1) represent the best source of consistently derived
coastal wetlands data available:2) are generally available forthe entire coastal region of the
colarmtnus USA (ol approximately 5,000 124,000 scale maps required, approximately
3,300 are currently available): and 3) lend themselves wen to a simple quantification
technique such as grid sampling.

Systematic grid sampling consists ol counting dots primed In a square, pattern on a
transparent overlay. The spacing of dots, in combination with the scale of the map, will
determine the resolution ol the grid (Bonner, 1975). For example, dots 0.7 inches apart
on a 1:24,000 scale map win produce a grid resolution of 45 acres. The relative amounts of
various land use or habitat types present on a particular map are estimated by placing the
grid over the map and counting the number of dots that fan on each category represented.
Depending on the interval between dole and the distribution ol land use or habitat types,
this can be a highlyaccurate method lormaking area estimates.
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To test this procedure, a simple grid sampling technique was used to quantify habitat types
for 16 previously digitized 124,000 scale NWI maps. For the purposes ol these
preliminary tests, the numerous habitat types designated on the NWI maps were
aggregated Into six general categories: 1) sail marsh; 2) fresh marsh; 3) tidal Hats; 4)
swamp; 5) open water; and 6) uplands. Alter some testing, a 45 acre grid cell size with
approximately 900 sampling points per map was determined to be bolh efficient and
accurate for estimating these six habitat types at this scale. Each map was sampled
separately by mounting the grid over the map and systematically recording the habitat
type at each sampling point. This Information was recordedon data sheets and entered
into a computer mapping and statistics program. Based on the results (Table 1), It
appeared thai grid sampling could provide a time and cost-elleclive technique for
compiling a reasonably accurate coastal wetlands data base.

Table 1. Grid sampling results fortwo test areas in coastal Louisiana and Texas.

TOTAL ACREAGE FOR TWO TEST AREAS

(Coastal Louisianaand Texas)

Habitat Digital Grid % Difference

1. Upland 109.227 108.443 -0.72
2. Open Water 434.898 431.959 -0.68
3. Salt Marsh 97.642 97217 -0.44
4. Fresh Marsh 17,584 17/385 +1.71
5. Tidal Flat 8.013 7.885 -1.97
6. Swamp 138S lOfli -iaa<>

TOTAL 668,587 664,420 -0.62

Coastal Wetlands Workshop

On April 29.1986. SAB and NMFS held a workshop bringing together Individuals with
experience in wetlands mapping and management to discuss NOAA's efforts to compile a
national coastal wetlands data base. Sixteen professionals from six Federal organizations
participated: U.S. Environmental Protection Agency (EPA), U.S. Army Corps ol Engineers
(COE), USGS, FWS, NMFS, and NOS. Specific objectives were to: 1) review current
informationon Ihe distribution and extent of coastal wetlands; 2) outline the requirements
tor Improving this data base; and 3) develop recommendations for NOAA to proceed
further with this work.

In general, workshop participants endorsed NOAA's proposal to grid sample NWI maps
(Strategic Assessment Branch, 1986). Itwas suggested however, that the technique be
modified to Improve the quality and usefulness of the data being developed. Two key
recommendations were proposed:

1) Expand the habitat categories sampled from six to the fifteen listed below:

a. high salt marsh J. estuarine forested-scrub/shrub
b. low salt marsh k. tidal fresh forested-scrub/shrub
c. brackish marsh L non-tidal fresh forested-scrub/shrub
d. unclassified non-fresh marsh ra unclassified fresh forested-scrub/shrub

e. tidal fresh marsh n. upland
I. non-tidal fresh marsh o. open water-fresh
g. unclassified Iresh marsh p. open water-non-fresh
h. tidal flats

2) Conduct a more complete statistical evaluation of the grid sampling procedure.

These recommendations were examined by NOAA and incorporated into the operational
phase ol the project



Brid Sampling- The Operational Phase

Grid sampling ol available NWI maps began on June 17,1986. Fifteen habitat types are
now sampled from each map when they are present. The wetlands team also met with
representatives from USGS and NMFS and determined that the sampling design Is
adequate for the number ol wetland categories sampled. A data base management system
has been developed to record map information such as name, location, scale, and
availability in order to efficiently monitor and document the progress. Software has also
been developed to reproduce grid sampled data In map form on a color monitor and color
printer. Up to six different 1:24,000 scale maps of grid sampled wetland data can be
simultaneously displayed illustrating the general distribution ol habitat types. Hard copies
can be obtained using a color Ink-Jet printer. Additional software has been developed to
aggregate grid sampled data by state, county, and hydrobglc unit as well as by EDA. A
quality control procedure has been Implemented to minimize the types of errors Inherent
in this technique.

The first product from this work will describe Ihe general distribution and areal extent of
coastal wetlands in the Northeast (ME-CT) and should be available by the spring of 1987.
Reports to followwill Include the Mid-Atlantic (NY- VA). Southeast (NC-FL). Gufl ol Mexico
(FL-TX), and the West Coast (CA-WA). NOAA expects to complete this work by the end ol
1988.

Contusion

Recognizing lhat coastal wetlands are an Important national resource, NOAA has
endeavored to develop the first comprehensive national coastal wellands data base.
Grid sampling offers an Inexpensive and relatively simple method for estimating
the areal extent of wetlands from NWI maps at a level of aggregation suitable for
national assessemenl. Development of these data would not be possible without the
significant contribution made by the FWS In mapping coastal wetlands. Products
Irom this project will complement the FWS work and provide a useful
management tool for coastal resource managers at all levels of govemmenl.
particularly those Federal agencies with responsibilities lor wetlands
management and conservation (e.g. FWS, EPA, and COE). Baseline data for the
Nation's coastal wetlands will be a significant addition to our understanding of
these systems and should Improve our ability to manage them effectively. These
data will eventually be integrated into NOAA's NEI framework to establish a
national eslaurine assessment capability.
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THE USE OF THE NATIONAL WATER DATA EXCHANGE
IN SUPPORT OF ESTUARINE AND COASTAL PROGRAMS

Owen O. Williams and Melvin D. Edwards
U.S. GeologicalSurvey

Reston.VA 22070

Introduction

The National Water Oata Exchange (NAWDEX) was established by the U.S.
Geological Survey in 1976. Its program is directed toward Improving
the exchange of water and water-related data collected and made avail
able by hundreds of Federal and non-Federal agencies throughout the
United States.

The use of NAWDEX can provide valuable support to coastal and estuarine
programs by providing information on the availability of quantity
and quality data for surface-water and ground-water in coastal and
estuarine areas. The NAWDEX program maintains direct access to the
computerized water-data systems of the U.S. Geological Survey and the
U.S. Environmental Protection Agency and can provide data from these
systems either In response to data requests or by direct access by the
user organization. The program also maintains close working relation
ships with many other Federal and non-Federal organizations that
serve as sources for water or water-related data, thereby, facilitat
ing user access to data stored by these organizations. This paper
describes the NAWDEX program and the services which can be provided to
assist coastal and estuarine programs.

The Nawdex Program Structure

NAWDEX Is comprised of a membership of Federal and non-Federal organ
izations who work together to improve access to available water data
and to improve the data-exchange process. Membership In the HAWDEX
program 1s accomplished through a Memorandum of Understanding signed
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between the participating individual or organization and NAWDEX
Program Office. In the Memorandum, members pledge thelr support to
the program by taking an active role in its activities, by providing
for indexing of thai? data acquisitions and by agreement to respond
to public requests for their data. Currently (1986). •*•«",«>„
Federa State and local governmental, academic, and private organiza
tions participate as members. Affiliations have also bee,! established
with water-data organizations in Canada, Mexico, Brazil, South Africa,
Nigeria, Taiwan, and India.

The program Is managed by acentral program office !«** <" "j* U-S'
Geological Survey's Water Resources Division in Reston, Virginia.
This office coordinates the program membership »"J user-service activi
ties, and develops and maintains the software systems and data bases
necessary for the program's operations.

Indexing Services

NAWDEX operates a nationwide program for the 'naexing of water and
water-related data available from Its members •^."^ru°? SlolooiSl
This program Is operated in close cooperation with the U.S. w*]*0.'"1
Survey's Office of Water Data Coordination (OWOC) which has nationa
responslbll ty for the coordination of water-data acquisition activi
ties by all Federal agencies. Ihe information gathered by the flAWDEX
program is stored in three major data bases: U> ••*"«: ™f'Bita
Index, (2) a Water Data Sources Directory, and (3) a Water Supply
Computerized Information Directory.

Master Water Data Index

The Master Water Oata Index 1s a central Index that provides informa
tion about sites at which water data are collected nationwide. For
each site, Information Is provided about surface-water quantity,
ground-water quantity, water quality and meteorological data that
have been collected. This Information Includes the geographic loca
tion of the site, the type of site (stream, estuary, well, and so
forth), the Identification of the source organization, the periods of
records for which each type of data are available, the major water-
data parameters measured for each data type and their frequency of
measurement, and the media In which the data are available. Cur
rently, over 440,000 sites operated by over 430 organizations have
been Indexed. Of these sites over 13,000 are identified as being
estuary or ocean sites. An additional large number of sites are
Identified as streams or wells that either contribute to or are
located within estuarine and coastal areas.

Water Data Sources Directory

The Water Data Sources Directory serves as a central world-wide Index
of organizations that are sources of water or water-related data,
provide services related to the dissemination of these data, or are,
otherwise, involved in water-related activities. For each organiza
tion, Information is provided about the major orientation of its
activities, offices from which data or services may be obtained; the
number, type and geographical area of location of water data sites for
which data are available or being collected; other organizations that



may serve as a source or data; ana water-related data collected by the
organization. Currently, over 800 organizations with water-related
sources of data have been registered In the Directory. An additional
2,200 have been Identified for potential Inclusion.

Water Supply Computerized Information Directory

The Water Supply Computerized Information Directory was developed by
the Electric Power Research Institute and contributed by them, under a
Memorandum of Agreement, to NAWDEX for operation conjunctively with
the Water Data Sources Directory. The Directory contains Information
about organizations that are sources of data about water supply. For
each organization, information 1s contained about the structure of
the organization, offices from which data may be obtained, descriptions
of automated data bases maintained by the organization, descriptions
of water laws that have relevance to water supply, the geographic
areas in which the organization collects data and relevant publications
of the organization pertaining to water supply. Currently, over 200
organizations having various data related to water supply are regis
tered in the Directory.

Bibliographic Citations and Abstracts

The Water Resources Scientific Information Center (WRSIC) was trans
ferred to the U.S. Geological Survey's Water Resources Division from
the U.S. Department of Interior's Office of Water Research and
Technology in August 1982. The WRSIC program 1s closely coordinated
with that of NAWDEX and Its Information services are being provided
conjunctively with those of NAWDEX. WRSIC maintains the Selected
Water Resources Abstracts data base. It contains bibliographic cita
tions and abstracts of water-resources literature published worldwide.
Currently (19B6), the data base contains over 181,000 abstracts.

User Services

NAWDEX coordinates an extensive user-service program through a national
network of 76 Assistance Centers located in 45 States, the District of
Columbia, and Puerto Rico. These centers Include the NAWDEX Program
Office, selected District, State, and Subdlstrict offices of the U.S.
Geological Survey's Water Resources Division, 9 offices of the
Geological Survey Public Inquiries Offices and offices of 14 NAWDEX
member organizations. Most of these centers have direct access to the
data bases of NAWDEX and the U.S. Geological Survey's National Water
Oata Storage and Retrieval Systems (WATST0RE), thereby, providing
convenient and rapid dissemination of information and water data
stored In these systems. Several centers also have access, for
dissemination purposes, to the WRSIC bibliographic data base and the
Storage and Retrieval (ST0RET) system of the U.S. Environmental
Protection Agency. Access to a variety of other data systems are
available through the Assistance Centers operated by NAWDEX members.
Services provided by NAWDEX include data-search assistance, data
dissemination, data referrals, and direct, computerized access to
Federal data systems. It also provides a variety of Information pro
ducts Including catalogs of available data, directories of data
sources, and summaries of available data.
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Data Search Assistance

Through Its central indexes and directories, NAWDEX can assist users
1n quickly Identifying types of data that may be available 1n specific
geographic areas of interest. The central index of data sites can be
searched geographically by State, county, polygons of latitude and
longitude, and river basins. These search criteria are significant to
estuarine and coastal programs in that they can be coastal counties, a
polygon of latitude and longitude that describe the extents of coastal
areas, coastal river basin, or any combination of these criteria. In
addition, the type of site can also be specified, I.e., stream, estu
ary, ocean, lake, etc. The central directories may be further used to
Identify source organizations and to identify water-related data such
as. oceanographic, meteorological, climatic, soils, water-use and other
types that may be available from registered organizations. The pro
gram, thus, serves as a central source of Information about a wide
variety of data available from a large number of organizations.

Data Dissemination

The NAWDEX program is authorized to access and disseminate water data
stored 1n the U.S. Geological Survey's WATSTORE system and the U.S.
Environmental Protection Agency's STORET system. This includes large
volumes of streamflow, peak flow, sediment, ground-water levels, sur
face and ground-water quality, and a variety of other types of water
data.

Also. NAWDEX Assistance Centers provide dissemination service; from
several State-level data systems Including the Texas Natural Resources
Information System (TNR1S), the Nebraska Natural Resources Information
System (NNRIS), the Hydroiogic Information Storage and Retrieval
System (HISARS) for the States of Virginia, Utah, and several others.
Information stored in the Selected Water Resources Abstracts data
base of WRSIC 1s also disseminated by NAMDEX through several of Its
Assistance Centers. In addition, this data base may be searched by
using Dialog Information Services, Inc. (a commercial on-line
utility).

Data Referrals

If specific data cannot be retrieved and disseminated by a NAWDEX
Assistance Center, the central directories assist the centers in
referring the request to the proper data source for response.

Direct Data Access

The NAWDEX Program Office Is authorized to provide Its members direct
access via computer terminals to Its index data base and directories
and to the WATSTORE data system of the U.S. Geological Survey and the
STORET data system of the U.S. Environmental Protection Agency.

Information Products

The NAWDEX program provides a variety of Information products from its
computerized data bases. These include the following:

Ad hoc reports In Informal formats in response to
Individual requests for information about water-data
types, site locations, or organizations.



o Printed catalogs of water data sites for specific
geographic areas which are produced on demand.

o Printed directories of data source organizations.
Including:

o a Water Data Sources Directory
o a Directory of Water-Related Data Sources
o a Directory of Water and Water-Related

Data Sources

o a Directory of Water Resources Organizations

o Numerical sumnaries of Indexed water-data sites collecting
sites collecting specific data types in defined geographic
areas.

o Site-location maps of specific data types by State, county,
or hydroiogic basin produced in relative scales or
specified scales and projections as overlays to base maps.

For example, the Office of Water Data Coordination published a report
In 1977 entitled, "Index to Stations in Coastal Areas," which contained
information on the availability of quantity and quality data collected
1n streams, lakes, reservoirs, estuaries, springs, and wells located
in coastal ecosystems. Including wetlands, estuaries, and beaches.
The information 1n this report 1s indexed in the Master Water Data
Index of NAWDEX and can be retrieved in response to an ad hoc request
or produced in catalogues of specific coastal areas upon demand.

Summary

NAWDEX has an active participation of over 290 member organizations
that are working, together to Improve access to available water data.
It has Indexed data for over 440,000 water-data sites operated by over
430 organizations nationwide. NAWDEX stores Information on more than
800 organizations that are sources of data or active in water-resources
activities and works closely with the Water Resources Scientific
Information Center (WRSIC), which maintains over 181,000 abstracts of
water-resources literature produced worldwide. NAWDEX coordinates an
extensive user-service program through 76 Assistance Centers located
in 45 States, the District of Columbia, and Puerto Rico. The Centers
provide services 1n data-search assistance, data referrals, and
dissemination of data from member data systems. The NAWDEX Program
Office further provides direct-access to the water data systems of the
U.S. Geological Survey (WATSTORE) and the U.S. Environmental Protection
Agency (STORET). A variety of information products are provided by the
program including ad hoc reports on available data, printed data cata
logs and organizational directories, numerical summaries of index
water-data sites, and site-location maps.

Through its information resources and services, NAWDEX can provide
valuable support to a variety of estuarine and coastal programs. It
can assist in Identifying needed water data existing In specific study
areas and either directly provide the data or assist in acquiring the
data from the proper source. It can also assist 1n Identifying the
availability and sources of a wide variety of water-related data types
that may have relevance to estuarine and coastal studies and
investigations.
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Additional Information

For additional information about NAWDEX and its service, contact:

National Water Data Exchange
U.S. Geological Survey
421 National Center
Reston, Virginia 22092
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THE DATA MANAGT-MENT SYSTEM OF THE
LOUISIANA NATURAL HERITAGE PROGRAM -

A NATURAL AREAS INVENTORY OF THE STATE

Nancy I. Craig,GaryD. Lester,and Annette Parker
LouisianaNaturalHeritageProgram

DNR-CMD

BatonRouge. LA 70804

The Louisiana Natural Heritage Program (LNHP) is a natural areas inventory targeting
endangered species habitat, outstanding examples of native ecosystems, environmentally critical
areas, and sites for scientific research. The purpose of the program is 1) to gather information
systematically and on a continuing basis on the occurrences of significant natural areas in
Louisiana, 2) to assemble and store this information efficiently, 3) to make its retrieval simple and
cost-effective so that impacts of various activities on these areas can be evaluated, and 4) to set
preservation prioritiesso that areas/species in need of protectionareaddressedwhile others which
aresecureor less significantdo not divert limited resourcedollars.

A data management system for the LNHP has been developed by The Nature
Conservancy over the last ten years. The datamanagementsystem consists of a tightly structured
manual, map, and computer (IBM-PC-AT) filing system that records information on the existence,
characteristics, numbers, condition, status, location, and distribution of the occurrences of
elements of the natural ecological diversity of the state. The classification systems, element
descriptionsand other informauon that describethe targetsof the inventory processaremaintained
in the element files. Specific locadonal dataof significanthabitatareplottedon USGS 7.5 minute
topographical maps (1:24,000) in the hangingmap fileandgeneralmap file alongwith supporting
documentation for each occurrence. The managed area file organizes information on publicly and
privately owned areasin Louisiana thatoffer some degree of protection to natural areas. A separate
source file is maintained to cross reference all materialassociatedwith the database including all
supporting articles, journals, unpublished documents, books, organizations, individuals, etc.
Abstractsof key informationkept in the manual filesareenteredinto the computer files to facilitate
rapid/efficient storageandprocessing/retrieval of data. To date,852elementoccurrences of special
plants (305), special animals (231), natural communities (131), other natural features such bird
rookeries (185) have beendocumentedandmappedforcoastal Louisiana. The LNHP is one of 40
such programs in the UnitedStates. Unlike biological inventories of the pastwhich operatedin
isolation these programs form a closely knit network. Ultimately the programs will produce
regional and national classification systems, data synthesis, and perspectives on species
endangerment and conservation needs. The Natural Heritage programs have developed an
effective andefficient information system forbiological conservation planning.
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DETERMINING AND SERVICING MARINE POLLUTION DATA AND
INFORMATION NEEDS OF ESTUARINE AND COASTAL ZONE

MANAGERS AND DECISION MAKERS

James Bcrger and Ronald Smith
Ocean Polltitjon Data and Information Network

National Oceanographic DataCenter
NationalOceanicand Atmospheric Administration

Washington.DC 20213

OPDIN Structured to Serve

The Ocean Pollution Data and Information Network (OPDIN)
includes a Central Coordination and Referral Office (CCRO) and
Regional services through National Oceanographic Data Center
Liaison Offices in Anchorage, Alaska) Seattle, Washington; La
Jolla, California; Miani, Florida; and Woods Hole,
Massachusetts. The CCRO primarily serves the Washington, D.C.
metropolitan community of managers and decision makers, and
provides national services to the Regional Offices. The
Regional Offices deal with the communities in their respective
regions on a day-to-day basis and have an intimate understand
ing of the current issues and resources in their regions.

The Typical Roquest

An Example of CCRO Request Response. Figure 1, illustrates
some of tho Network resources available to the decision
maker. In this example, the customer is provided with a
complete inventory of information, data and expertise relevant
to his problem, including its source, availability, cost and
access timeliness. As each customer describes his needs,
the OPDIN staff member enumerates the features of potentially
relevant Network resources (CCRO Response in Figure 1). Cus
tomer soloctions guide the staff through each resource to the
products that satisfy the request (Products in Figure 1).



FIGURE 1.

EXAMPLE OF CCRO REQUEST RESPONSE

USER REOUEST - -

CCRO RESPONSE

- NMPIS (PC)

- NON-FED (M)
- HANDBOOK(PC)
- GREY LIT (PC)
- C/RCRO RES. (M)
- REFERRALS

- - INFORMATION ON PCB STUDIES FOR

WEST COAST ESTUARIES

PRODUCTS

Descriptions of Federal PCB/Halogenated HC
Projects in Estuaries in WA. OR A CA

Descriptions of Non-Federal Projects
Identification of Federal Systems with PCB data
Grey Literature citations for PCB articals
Literature and data on PCB
Data, information, local contacts and investigators

In this example, the customer wants informat on on PC3r in
West Coast estuaries. Tho OPDIN staff member identifies <--ach
of tho resource files that night provide such information, and
explains what is available from each file. Some of the files
are avaiiablo on personal computer (PC) on the staff member's
desk. A search of those files may be conducted while the
customer is still on the phone or in the office. In addition,
the staff member may be able to identify and discuss the
relevance of hardcopy resources available in their office and
other OPDIN offices (M). Tho referral to resources in other
organizations is discussed. Those files can be accessed
directly by the OPDIN staff member, or tho customer may be
referred to tho appropriate export in the respective organiza
tion for more complete information from the resource. The
customer may take delivery of information from the diverse
resources as they arrivo or ask tho OPDIN staff member to
coordinate the responses into a single package.

OPDIN Resources

Over the yoars of customer servicing, the OPDIN offices have
identified a wealth of resources that can be used by managers
to make and substantiate decisions. OPDIN has a small staff,
so much of its service concerns referrals. OPDIN also has
developed directorios, bibliographies, inventories and data
bases of its own to service its customers. Figure 2
enumerates the major OPDIN resources.
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FIGURE 2

OPDIN RESOURCES

NMPIS
National Marine Pollution Information System

N/FED
Imentory of Non-Federally Funded Activity

GREY LITERATURE
Automated Bibliography of Unpublished Literature

CCRO/RCRO
Central/Regional Coordination <£ Referral Office(s)

HANDBOOK
Handbook of Existing Data & Information Systems

CIS
Coastal Information System

REQUESTS
CCRO Customer Service Reporting.System

Two directories are maintained by OPDIN. The National Marine
Pollution Information System (NMPIS) is a data base used to
generate the annual Catalog of Federally Funded Projects
(NMPPO, 1985a) for the National Marine Pollution Program. It
is a micro-computer data base containing the names, addresses,
funding levels, and activity descriptions of personnel
involved in federally-funded marina pollution related
activities.

Similar information is available in a series of non-Federally
funded (non-automated) project catalogs. Regional catalogs
for tho Groat Lakes (NMPPO, 1985b), Northeast & Mid-Atlantic
(NMPPO, 1985c), and South Atlantic & Gulf of Mexico (NMPPO,
1984) have boon published. Tho West Coast and Alaska catalog
will be available in the near future.

An essential ingredient of any research effort is the library
search. OPDIN can supplement tho results of a standard lib
rary search with searches of a marine pollution oriented "grey
literature' PC data base describing reports generated by or
for the Federal agencies involved in marine pollution studies.
Additionally, the CCRO and its Regional Offices have built
libraries of local resources and contacts.



FIGURE 3

ACCESS TO DOC RESOURCES

NOAA

NESDIS - National Environmental Satellite. Data, & Information Service

NODC - National Oceanographic Data Center (Pubs & DBs)
National Climatic, Gcophyjical & Satellite Data Centers (Pubs A DBs)

AISC -Assessment and Information Services Center
Environmental Assessments of Estuaries (Pubs)

Lockheed, SDC & BIRS (Commercial Bibliographic DBs)
NEDRES - National Environmental Data REferral Service (DB)

NMPPO - NationalMarine Pollution Program Office
Annual Catalogs of Federally funded projects 1978-84 (Pubs 6\ DB)

Federal Plan for Marine Res* Dev„ A Monitoring. 1985-89 (Pubs)

NERRS - National Estuarine Reserve Research System
Estuarine Research Project Abstracts, PI A S (Pub in press A DB)

NMFS - NationalMarine FisheriesService
Headquarters A Regional Activities

EPO - EstuarinePrograms Office
Coordination of NOAA roles /involvement In the national estuaries (Pubs)

NOAA FY1984 Estuarine Projects Catalog (Pub A DB)

Strategic Assessment
National Estuarine Inventory and Data Atlas (Pubs A DB)

Status and Trends
Estuarine and Marine Monitoring Programs (DB)

NHS
National Technical Information Service (DBs)

OPDIN Access to System Resources

The Network initiates and maintains access and/or referral to
over seventy federal systems actively involved with marine
pollution data and information. A "Handbook of Federal
Systems and Services for Marine Pollution Data and
Information" (CCRO, 1985a) was first designed and completed in
1983, with subsequent updates occuring on an annual basis.

The Handbook briefly describes the characteristics of the
above systems including: scope of service, role/purpose, types
of data/information available, quantity of data/information.
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means ot access, determination of relevant data, response
time, approximate costs., hardware and software, storage media,
related systems, and principal contact.

Most of the systems described in the Handbook are in some part
repositories for coastal and estuarine data and/or informa
tion. Those systems can be placed under two catagories; NOAA

FIGURE 4

ACCESS TO INTERAGENCY RESOURCES

USDA

USCG

EPA

NIH

NAVY

ARMY

USGS

FWS

MMS

DOE

ACRICOLA - Agricultural Online Access
CALS - Current Awareness Literature Service
CR1S • Current Research Information System

CHR1S-HACS - ChemicalHazards Response Information System/
Hazard Assessment Computer System

P1RS • Pollution Incident Reporting System

STORET • Water Data Storage and Retrieval System
CBP - Chesapeake Bay Program ComputerCenter

ODES - Ocean Data Evaluation System
PCS • Permit Compliance System

MEDLARS - Medical Literature Analysis and Retrieval System
MICRO-IS• Microbial Information System

NEPSS • Naval Environmental Protection Support Service
MESO • Naval Ocean Systems Center

WES • Waterways Experiment Station

WATSTORE - National Water Data Storageand Retrieval System
NAWDEX - NationalWater Data Exchange

National Coastal Ecosystem Team. Slidell, LA

Regional OCS Offices

OST1 - Technical Information System

and othor Department of Commerce (Figure 3), and other Federal
system resources (Figure 4).

During FY87, the Handbook will be automated to facilitate more
timely and efficient searches of its contents in response to
u^er requests. An outreach effort is already underway to
identify and describe those Federal systems for marine pollu
tion data and information that have, to date, escaped the
awaranoas of the Network.



OPDIN Evolves with its User Community

In 1982, the first year the Network was routinely responding
to customer requests, less than one hundred requests were
serviced. OPDIN requests have nearly doubled each year since
1982. In an effort to statistically characterize and evaluate
the needs of this growing user community, an automated
'Customer Service Reporting System' was designed and
implemented on a personal computer in 1985.

A customer service report form was designed that contains
attribute fields useful for statistical evaluation of Network
efficiency and the user community. These fields include:

* customer name

* address
* customer class

* contact type
* expected use
* typo of products

* output media
* area of concern

* pollutants considered
* data/info files referenced
* response time
* cost information

These forms are completed at the time of request and entered
into the data base on a monthly basis. Quarterly statistics
characterizing the user community are compiled and interpreta
tion of these results are reported annually (CCRO, 1985b).
Network resources are enhanced to facilitate better response
to priority subjects identified from the quarterly statistics.
New initiatives are formulated to meet projected user
community concerns.
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COASTAL WETLANDS - USES OF A
GEOGRAPHIC INFORMATION SYSTEM

Lawrence R. Handley
US. Fish and Wildlife Service

NASA • SlidellComputerComplex
1010 Cause Blvd.
SlideH, LA 70458

Abstract only

Since 1980, the National Coastal Ecosystems Team (NCET) has implemented a
Geographic Information System(GIS) in coastal resources planning andmanagement projects.
TheGIScomprises three subsystems: theAnalytical Mapping System (AMS)usedfordata entry,
theMapOverlay andStatistical System(MOSS)usedfor data base management andanalysis, and
theCartographic Output System(COS) used forcreating high quality mapproducts. Digital data
bases atNCET generally arecomprised of historical (1950's wetlands habitat maps), 1970's and
1980's wetland data bases, andspecial project data (bathymetry, bottomsediments, andlanduse).
The GIS applications developed atNCET fall into three categories: 1)resource inventories, 2)
wetland change analyses, and3)cartographic modeling.
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INFORMATION SYSTEMS FOR ESTUARINE
AND COASTAL DATA MANAGEMENT

Eldon C.Blanchern
TAI Envfrcrtnientil Sciences. Inc.

P.O. Box 8644

Mobile, AL 36608

Several Information Management systems have been developed which integrate
management, bibliographic and scientific data utilizing microcomputers. These systems are
designed withreadily available hardware and commercially available software so that theyare
relatively inexpensive to implement and operate. One such system was implemented on a
microcomputer system with two distinct levels. The first level contains the data base programs, a
general information file, a bibliographic file and a condensed data file with scientific and
management information. The second level consists of a minicomputer or mainframe data base
which is accessed throughthe microcomputer system. The distributivedatabase design makes
available a large variety of data on a single system. Integration with other software such as
geographic informationsystems (GIS) andstatistical andmodelingpackagesresultsin a powerful
tool forcoastal andestuanne information management.
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ENVIRONMENTAL INFORMATION MANAGEMENT
ON A PERSONAL COMPUTER

Elaine V. Collins
National Oceanographic DataCenter/NESDIS/NOAA

2001 Wisconsin Avenue. NW
Washington,D.C 20235

Information management is often considered in terms of large computer systems, such as
mainframes or at least minicomputers. However, with the advances and sophistication available in
personal computers, it is possible to have a complete system for environmental information for a
coastal areacontained within a desk-top computer. Two such systems have been developed, and a
third is being planned. The systems are intended to provide a rapid screening capability for
plannersand decision-makers, but they arenot intended to supplant data management systems, nor
moreelaborate geographical information systems.

Under a combination of federalor private foundation funding, the first prototype system
was developed for information from the Port of New York and New Jersey, and the second
system was developed for the Portof New Orleans. Space-specific and use-specific information
on local pons, estuaries, facilities, etc. is available for both areas, as well as general information,
references, and a glossary of terms. The systems were developed at the State University of New
York at Stony Brook, using the capabilitiesof the commercial software Lotus 1-2-3. Forboth
systems, specific regional information requirements were identified, as well as sources. The
specificacquisition of the dataandentrance into spreadsheets followed. Output programs and
products werewrittennext. In the final task, the system wasdocumented.

Because of the current high level of interest by the public, and by state and federal
governments, the third system being planned is one for the Chesapeake Bay. The system will
attempt to incorporate informationon many of the concernsidentified in the Bay RestorationPlan,
such as point and non-point nutrients, dissolved oxygen, toxic substances, living resources,
fishingareas, etc. The system will enabletheuserto explore relationships between problemsand
possible causes.
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HOW WELL DOES SCIENCE SERVE MANAGEMENT

John Gniber, Lee Kossin, and Harold Ward
Center for Environmental Studies

Brown University
Providence, Rl 02912

The Narragansett Bay Project (NBP) provides a rich opportunity to
observe thetensions which develop when scientists are funded to provide
the Information base to support a management plan. The NBP Is
authorized by theHater Quality Renewal Act of 1984 to spend $1,500,000
each year for the four fiscal years beginning in fiscal 1985. The Hater
Quality Renewal Act is quite explicit in its statement (in Sec. 46b) of
the purpose of grants from theso funds:

"The Administrator shall.. .sake a grant far purposes of
assessing the principal factors having an adverse effect on
the envirrasxartal quality of theNarragansett Bay, as
perceived by both scientists andusers, in conjunction with
ctavoloping and Ittplfinpntlng a managcoont tu.uur.da to improve
the Bay's water quality... .The applicant will.. .not Inter
than it"**** yaazB sxccr nanilpfflt* of ^**** section, jnjalGDGSTti
BBnagetacnfc ptactioes.*." (emphasis supplied)

It is iiiportant to notice two points particularly inthe legislation:
thatthe word "research" nowhere appears in the authorizing legislation
and that the results of the NBP are expected to be applied almost
immediately, far faster than basic research typically can reach
fruition. Congress was as clear as it could have beenthat these funds
are to be used for applied work and not for basic research.

Public statements and interviews with several individuals concerned with
the NBP reveal twoverydifferent views of the proper method of
responding to the Congressional instruction. One, which we will call
"Science First" holds that thepreferred approach isto gain thebest
possible understanding of thophysical andbiological systems which
operate in the Bay. This understanding provides the basis for



prediction of theeffects of changing any iiupciitant parameter, such as
the input of partially treated wastewater, which in turn allows the
design of a mangemant program. Such a ccnprehensivo understanding, by
comparing trends in measured parameters with baseline data, also could
predict "lurking dangers" which, without attention, maydevelop into
tomorrow's crises. With forewarning, nitigativo or preventative action
might replace thecrisis management that preoccupies most environmental
agencies today. From an agency perspective, this approach has the
important advantage that it does not require overt political judgments.
Management goals andthe institutional structures to irplement themcan
follow, and neednot precede the scientific andtechnical work.

To hold the "Science First" perspective requires a sincere scientific
optimism; a belief that a system as complex as a large estuary canbe
understood atthepredictive level. Although cur sample is small to
generalize, we mention In passing that we observe that this hopeful view
is held by administrators whohave not been trained as basic scientists
and by basic scientists themselves. They differ importantly, however,
in the time scale of their optimism; withscientists expecting to reach
a working model of an estuarine system only after many years of
intensive research effort, while administrators expect predictive models
muchmorequickly.

He call the opposing model "Policy First". Here management goals are
defined first andthenstrategies to reach these goals are devised.
Priorities for assembling eodsitirg information and generating new
information are setby theneed to select among andto refine these
strategies. Wiile "new kncwledgan may be discovered inthis process, it
is an incddental bonus and not an intended cutcoms; no science is done
for the sake of science alone. The focus is immediate and performance
of contractors is judged by howdirectly andpowerfully their results
aid in reaching management goals. Individuals trained in the sciences
who havesignificant management experience and students of policy
science seemlore likely to boldthis view, these people are not
hopeful thata predictive scientific model canbe devised in the near-
term (inthe case of the NBP, within three years), andtheydo not
believe that management can wait farthe completion of the ultimate
experiment.

To understand which model bestdescribes the NBP, it is instructive to
lookfirst at the management structure, as setcut in the first year's
workplan:

Policy Oantaittee

Management Ccasiittee

| 1 1
Technical Advisory Public Education Other

Sub Committee Sub Oarimltti'e Sub Committees

The Policy Committee has two members, the Sctainistrator of EPA, Region
I, and the Director the the Rhode Island Department of r^ivircntnental
Management. While this Permittee retains final control, it is not
intended to exert direct and cnei-»tn«ri control of the NBP. This role is
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assigned tothe Management Committee, a broadly based Gcnaittee, with
representatives from user groups, envirormental groups, flimlrrlpnl
gcjvsrnment, industry and federal and state nanacjemant agencies, m the
first fiscal year, and uptothe tiro that the Managenent nimiittee was
asked to approve the wcrkplan for tho second fiscal year, that Committee
hadnotitself derived explicit management goals for theNBP. Instead,
tieTechnical Advisory Committee (later called the Scientific and
Technicial Advisory Ocnmittee), inclose consultation with NBP staff,
prepared a wcrkplan and Requests far Proposals (RFP's) which were
approved with only minor modification bythe Kanagenent Committee.
Initially, no funds were allocated for policy studies, butnear theend
ofthe funding decision process, proposals were solicited for first one
and then two policy studies. Significantly, the Scientific/Technical
Committee found itself unqualified to review policy proposals, andthe
Management Committee created anad-hoc Policy Issues Committee from
among its own members to review these proposals, none of whom are
formally trained in policy formulation. By contrast, themembers of the
Scientific and Technical Committee were chosen carefully to represent
the highest level oftechnical skills available to the Project. Not
surprisingly, less than 5* ofthe program funds inthe first fiscal year
weredevoted to policy studies.

Requests far Proposals for Fiscal Year 1986 were generated ina manner
similar to the previous year. The Management Committee still hadnot
adopted explicit management goals toguide its sub-conmittoes. The
Scientific and Technical Committee, working closely withthe NBP staff,
rrjco3aended t"*hn1">'1 RFP's andthe ad-hoc Policy Issues Committee
suggested areas forpolicy research. Nhen these reached the Management
Ccmsittee, therw»w*~ recognized that there was virtually no
connection between the reccomeidatlaris of the tiro committees. This
recognition provided the impetus for several lengthy meetings which
resulted in identification of eight "Management Questions far
Narragansett Bay" and theManagement Committee agreed to usethese
Questions as guides for RFP review.

Two distinct approaches for theselection of projects to address these
Management Questions are likely to follow depending on whether the
initiative istaken bytheManagement Committee or by its subenonittees.
If the Management Committee sets the agenda, itcan, after considering
the goals ithas set, ask for the projects which promise to provide the
most significant progress toward answering thequestions that have been
posed. Because this approach tries to get themost information for the
resources available; this might be called a "maximizing" approach. On
the other hand, if a cub-committee takes the initiative by submitting
RFP's and workplans for approval, then thetest will be whether the
proposed research is relevant to the question at hand. Given the
breadth of mostquestions relating to the management of complex systems,
relevance is not difficult to establish, andthusthistestmight be
called a "satisficing" approach.

The NBP Management Committee, perhaps because it faced time constraints
because it delayed so long in articulating its Management Questions,
clearly following the "satisficing" path. The Scientific andTechnical
Committee did not modify its reoormendationa in anyway to respond to
the Management Questions, and discussion centered on degree of
relevance, not on whether mora productive projects could have been
proposed. However, with theManagement Questions before it, the



Management Oommittee didslightly reduce Ota funds ni inform* to science
ard far fiscal year 1986 approximately 10% are allocated topolicy-
related imristigations.

Given the clarity of the Congressional instruction ard the inmodiacy
with which NBP results oust be applied, we looked far the farces that
took the NBP inthe Science First direction, Consents bycontractors
far fiscal year 1985 ard byNBP staff inpublic meetings ard in
interviews make clear that professional incentives are a major factor.
He were told ofthe linjorLanua ofpublishability ard of peer recognition
and that both were more likely tofollow from the discovery ofnew
krtowlcdge than from the shaping ofexisting information into a farm
needed farmanagement use.

Another, more interesting factor which favors the Science First trackis
the self-perception of the oontractors ard of their conception ofthe
appropriate use of their work, onecontractor whose work was the
updating of a hlnlorjlcal model of the Bay held cut little hope that it
would ever serve as a predictive modal, because it was not yet able even
to describe the current state of the Bay. The most Interesting use of
the model, the researcher thought, was to uncover basic misurdrjrstarding
of ecological connections. In the discussion of first year results,
other contractors ware reluctant to speculate about possible use of
their results for management purposes. Host oontractors did not even
attend a round-table discussion intended to share results and toexplore
applications. The Chair of the scientific ard Technical Committee, in
addressing oontractors, focussed squarely onthis issue: "You will be
asked blunt questions which are not exactly what we ™ti research; ifwe
can semehew link cur research tothese blunt questions, wewill be
successful."

It appears that the HBP Management Omnittee is beginning tomove more
toward the "maximizing" approach as it nears the»<»» when it must
consider the fiscal year 1987 program. Recognizing that it was not
substantively prepared totake the Initiative in setting the
investigative agenda, the Cnnnlttwi has been educating itself at the
last several tncnthly meetings by inviting speakers inareas related to
Management Questions. The Ccsmlttee also has agreed toparticlpata in
an extended mediation session toclarify management goals and strategies
to reach them. There Is reason tobe hopeful that the NBP increasingly
will encourage its contractors to structure their work to ease
management implementation.
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TAKIN' IT TO THE STREAMS
A REVIEW OF EFFORTS TO PROTECT

WATER QUALITY IN COASTAL NORTH CAROLINA

RalphCantral andMelissaMcCullough
Division of Coastal Management

P.O. Be*27687

Raleigh,NC 27611

The development of North Carolina's coastal area was as slow 03 the
flow of the waters in the coostal streams until the 1970's. That decade
brought a surge of growth that continues into the 80's. This growth is
concentrated on tho water's edge, for the beautiful character of those
coastal waters draws vacationers and retirees alike.

In response to this growth, in 1974, the North Carolina General
Assembly passed tho Coastal Area Management Act (CAMA) to "provide a
management system capable of preserving and managing the natural ecological
conditions of tho estuarine system, the barrier dune system, and tho
beaches, so as to safeguard and perpetuate their biological, economic and
aesthetic values." In pursuit of this goal the Coastal Resourcos
Comaisslon (CRC) identified aroas of environmental concern, established use
standards for thoir protection, and established a permitting system.
In order to preserve the estuaries, the state had previously adopted a
dredge and fill oct in 1969; these existing standards for protection of
wetlands and the vators wore incorporated into this new CAMA permitting
program.

The Commission focused most of its initial efforts on the ocuan h.iiard
areas and developed one of tho best "oceanfront" programs in the country.
The process of devoloping ocean hazard area standards was time consuming,
yet it followod a logical progression—existing oceanfront structures were
being threatened and public beaches destroyed by erosion, therefore,
indicators of tho susceptibility of areas to erosion were studied.
Setbacks and development standards were adopted to guard now development
against these problems. As years of working with these rules wont by, tho
Commission oade modifications to address and correct any problems thoy
experienced. Tho "soundsido" of the program was aimed at development in
the marshes and the waters, virtually ignoring the impacts of shoreline
development.



The causes of the degradation of water quality wore not as easily
grasped In toto as were the oceanfront problems and thus were addressed in
a less unified approach. Another reason for this approach was that the
Dredge and Fill Act had been initially implemented by another commission,
and tho Coastal Resources Commission did not fool comfortable with these
issues. During the period of 1978-1984, the Comaisslon dealt individually
with three major water quality issues, but with United successi septic
tanks, marinas and peat mining. Although the CRC was slncoro In its
efforts to address these issues, other authorities had historically primary
Jurisdiction over the activities.

Tho reluctance of the CRC to focus on tho soundsldo continued even
though tho Coastal Area Management Act contained a charge to manage water
resources "In order to preserve and enhance water quality and provide
optimum use of water resources." In 1984 tho CRC appointed a water quality
task forco to determine their scope of authority to deal with pollution
issues. This group informed the Commission that they had broad powers to
control development to achieve the water quality goals of CAMA.

The attempt to resolve these issues, then, pointed out a major
institutional obstacle to dealing with water quality problems: various
aspects of water quality were and continue to bo regulated by three
different agencies, with policies and regulations adopted by throo
difforont Commissions—the Environmental Management Commission develops
numerical water quality standards and permits treatment plants and other
discharges; the Commission of Health Services is responsible for
sanitation, septic tanks and shellfish; and the Coastal Rosourcos
Commission is responsible for regulating development In and adjoining the
coastal waters and guiding local land use planning. Another authority, the
Marine Fisheries Commission, also has a major role in reviewing permit
applications for their effect on living resources. Until recently,
however, only the Coastal Resources Commission had focusod on the peculiar
nature of estuarine pollution. Because each commission's Job was fairly
rigidly defined, non-point source pollution of tho ostuarias, the largest
problem now apparent in coastal water quality, was falling between the
cracks.

Problems with the Problem

Addressing the problem of coastal water quality with tho Coastal
Resources Comaisslon has been complicated, to say tho least. First,
estuarine ecology and hydrology are so complex that it takes a good deal of
education to bring decisionmakers (in this case citizen comaisslon members
and appointed department heads) to a workable understanding of the issue.
The backgrounds of the commission members and the lobbying efforts of
special interest groups both cloud and complicate the issue.

Because coastal non-point sources range from urban runoff to
agricultural runoff, a comprehensive effort which addrossos the various
sources is needed to solve the problem. Tho fact that a comprehensive
offort is needed to deal with non-point sourco pollution is itself a
problem In that decisionmakers are often mora comfortabla dealing only with
strict numerical standards for discharges from pipes.
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Because a comprehensive solution was nooded, program administrators
folt education efforts roust be equally inclusive. The process began with a
water quality task force which Identified several areas of study, then, a
sorios of roundtable discussions with participants from all walks of
coastal life was held in three coastal locations. The participants
idontlfied eight issues for furthor work. Tho CRC endorsed the roundtable
report and asked other commissions and agoncies to help in addressing tho
issues. The first issues to be addressed were marinas (which the CRC could
and did address alone) and stormwater management.

An intercocmission task force was established to coordinate the
stormwater efforts. An integrated approach involving all of the
commissions was clearly necessary. Certain elements of the non-point
source problem were well suited to boing addressed through the land use
controls of tho CRC, yet a number of contributing sources were regulated by
tho other commissions. Unfortunately, the task force did not work
effectively because all of the members of the various commissions did not
immedlatoly see the need for changes.

Not wanting to let the matter drop, the CRC started to address the
issuo unilaterally. General water quality policies were drafted and
discussed. Since no one spoke in opposition to the policies at public
hearings, they were quickly adopted.

Unlike the oceanfront erosion Issue of previous years, however, the
comaisslon did not feel that they had a suitable understanding of the
issues associated with stormwater runoff. The staff collected and analyzed
all available research. They attempted to look at all of the problems,
their causes, and the potential solutions in light of the complex coastal
ecological system. They prepared extonsive reports on the problem, as they
did for the ocoanfront, yet no easy, precise solution surfaced. Staff
advised that all available research indicated that controlling the amount
of impervious surface near coastal waters would bo the most effective
runoff management strategy. Impervious surface limits would also be similar
in type to the other land use controls administered by the Coastal
Resources Comaisslon, would fit into their existing jurisdiction and would
bo easier to administer. Unfortunately, there was no single density
standard or shoreline setback offered by researchers which would solve all
problems. Developers demanded to know how much of the total water quality
problem was due to development and wanted to bo shown that any rules would
actually protect water quality. The only argumont that staff could offer
was that density controls and setbacks would holp the situation. There was
In fact no proof that land use controls would work satisfactorily to
provent violations of ambient water quality standards. Voluntary best
managomont practices combined with education might well be the best
solution in the long run, yet some reasonable rules were needed
immediately, as the problem would got progressively worse while regulators
waited for the perfect standards. Applying non-point source controls to
already doveloped lands would be extremely oxpensivo if not impossible.

No one associated with these efforts oxpocted tho Commission to

completely solve the stormwater runoff problem. Like the oceanfront
standards, tho goal was to keep the problem from getting worse—to help
stop the decline of the estuarine resource and encourage other state and
local decisionmakers to become involved in reversing the trends in water



quality. For a commission to adopt restrictions on the use of private
property, however, they must be convinced that tho regulations are
appropriate.

Subsequent to these CRC discussions the Environmental Management
Comaisslon decided to address the issue. Tholr approach was a combination
of land use density controls (with which thoy had little experience) and
engineering criteria which wero similar to the approach used in their point
source control programs. The draft rules of tho Coastal Resources
Commission had purposefully excluded engineering solutions because they
would be extremely difficult to permit and monitor and would almost surely
fall in the coastal area, which has either extremely porous soils or
nonporous mucky soils, and very high water tables.

Once again, no perfect solution was found. The Environmental
Management Comaisslon eventually adopted rules for density and setbacks, as
well as on option for holding or treating tho runoff from a certain design
storm. The jurisdictional area was set by political compromise rather than
by scientific data. Fortunately, their action also called for more
research on the subject so that the rules may be refined as more solid data
becomes available. But the first stop has now been token. The CRC is now
working to reinforce and support the action of their sister comaisslon, but
it may be years before any evidence of wator quality improvement from these
actions is apparent.

Attacking on All Fronts

Because of the comprehensive nature of tho problem, the efforts to
improve water quality In the estuarine system cannot focus entirely on
state regulation of development runoff, especially in a state where only a
small percentage of the shoreline is developed. To this end, the North
Carolina General Assembly has set up a fund to share with farmers the costs
associated with implementing best management practices. The various water
quality agencies also have developed working agreements to implement the
wator quality policies.

The Coastal Resources Comaisslon has also instituted a land use
planning outreach effort. Flans for the 75 local governments in the
coastal area already include analysis of present resource conditions,
policies for resource protection, and policies identifying land uses
ranging from conservation to urban development. Each local government is
encouraged to address water quality concerns in their land use plans and
coastal management staff attends local planning board meetings to advise
them. Staff emphasizes how much each community depends on clean water—for
tourism, fisheries, and other livelihoods—and that it is to their own
advantage that they help clean up tho water. A recognition by local
leadors that there is a hard to define "way of llfo" that may be lost is an
important ingredient. Staff also notes that it is each communities
responsibility not to contribute to the problem and that when coastal
communities "clean their own house" thoy con demand that upstream
communities also clean theirs. Tho local board members are also reminded
that shore lands, if planned and developed for water quality management,
con also serve other purposes, such as minimizing flood hazards, preserving
open space and wildlife habitat, and providing recreational areas. A
handbook on water quality aimed at local government officials has also been
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widely distributed. This guide outlines tho basics of estuarine ecology
and water pollution, and tells what local planning and regulation can do to
contribute to solving tho non-point pollution problem.

Local governments have responded to the outreach effort by adopting
policies which expand on state efforts. Several local governments
have adopted waterside buffers to keop development away from the coastal
waters. Others have adopted impervious surface limits for their entire
jurisdictions in an effort to reduce runoff.

The CRC has also adopted resolutions asking the state's educational
institutions, the Soil Conservation Service and other groups to participate
in the water quality offort. The effort will continue Indefinitely, as the
other water quality Issues are identified and addressed.

Lessons

All indications aro that relying on tho old methods of state agencies
enforcing numerical effluent standards for point sources will not
completely protect estuarine water quality. Non-point pollution will
continue to cause water quality degradation.

All available Information must be used to address tho problem.
Unfortunately, research will never bo complete to everyono's satisfaction.
Developers call for the exact information about their specific site and do
not want to rely on gonoric research. A cry for more rosoarch also can be
used to stall tho adoption of regulations until the specific projects can
be completed. Similarly, the efforts to show that some groups (o.g.
agriculture and forostry) are not boing adequately regulated can be used to
show that no groups should be regulated until all con be regulated equally.

The best method of protecting wator quality appears to be water
management, which must also include comprehensive land management.
Traditional state water quality agencies are not geared toward, and may not
have legislative authority to deal with land management. Nevertheless,
regulations by authorized agencies within each group's Jurisdiction and
authority will bo necessary to manage development until voluntary measures
are taken.

The best way to ensure land and water management In the long run is by
focusing on the smallest unit possible, whether the local government or the
local person. Unfortunately, because tho gospel of land and water
management must bo spread to so many Individuals, It will take a long time
to accomplish. The best role of the state and federal governments is to
regulate in tho short term, continue studies, develop guidelines and,
perhaps most importantly, fund educational programs.

In conclusion, it appears that precise standards on which to design
comprehensive wator quality programs are not forthcoming. Tho
primary objective must be to educate the public at largo that they can help
to bring about improved water quality through improved land and water
management. If decisionmakers can also loarn this one small lesson, the
attainment of tho goal of protecting and Improving coastal wator quality
will be made immeasurably easier.
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EDUCATING DECISION MAKERS:INTERGOVERNMENTAL
RESOURCE MANAGEMENT PROBLEMS INCHESAPEAKE BAY

Margaret R. Johnston
Chesapeake BayCommission

60 West Street, Stum 200
Annapolis. MD 21401

In dealing with any largo, complex management problem, such as
restoring tho water quality and habitat value of the Chesapeake Bay,
there will bo a large number of jurisdictions involved. Inevitably,
jurisdictions will differ in their approaches to solving spocific
management problems. In developing a coordinated, consistent
approach to managing such a system, the supply of Information about
the status of the resource, and about the effectiveness of control
strategies becomes vital. While a consistent information base is not
sufficient to result in consistent management approaches among
Jurisdictions, it is a necessary element. Jurisdictions with more
information about a particular resource problem are more likely to
respond. Improving information availability can produce one of two
results! action can be taken to reconcile management approaches to
make them more equal, or the wisdom of divergent approaches can bo
explained by a better understanding of true differences in the status
of the resource.

The estuarino portion of the Chesapeake Bay is divided almost equally
between tho two states of Maryland and Virginia. While tho basin
which it drains encompasses four other states and the District of
Columbia, It is these two states which have tho longest history of
involvement with Chesapeake Bay management. The two states havo
often differed in their management programs. I hope to show that
these difforing approaches are baaed in part on on differences in
the information available to tho states and in part on true
differences in the status of tho resource.



The Chesapeake Bay Comaisslon was formed In 1981 to coordinate
legislation and policy decisions between the States of Maryland end
Virginia as they relate to Chesapeake Bay. In 1985 it was enlarged
to include Pennsylvania. The Commission is lsrgoly legislative in
orientation; fifteen of twenty-one members are state senators or
delegates. Because of its makeup, the Cosalssion focuses primarily
on those things which legislators either do - such as introduce
legislation and approvo budgets - or acquiesce In, such as adoption
of controversial regulations.

Whan the Commission was first formed, there was a perception that one
of its main functions would be to make tho legislation in the two
states - Maryland and Virginia - more uniform. The original focus
was on fisheries management. As the Chesapeake Bay Program studies
drew to a close in 1983, environmental quality became more of a
focus. On both fronts, uniformity has proven to be an elusive, and,
perhaps not worth while, goal. Today, the Commission is concerned
that state responses to common problems are consistent and are of
equivalent effectiveness. Other papers on Chesapeake Bay this
volume have documented tho tremendous amount that the Chesapeake Bay
region's governments and citizens have been able to accomplish so far
in terms of new legislation and budget initiatives, and Innovative
programs.

In many subject areas, Maryland and Virginia, and also Pennsylvania
and the District of Columbia, have been able to agroo on a common set
of problems and solutions. This common set of problems and solutions
is' almost wholly based on information and recommendations emanating
from the seven year $27 million EPA Chesapeake Bay Program,3 and an
excellent job of communicating the study's results. Improved sewage
treatment, agricultural bast management practices cost share
programs, monitoring of living resources and water quality, chlorine
removal and planting submerged grasses have all gotten substantial
boosts.

I will focus, however, on some areas of divergence, and the role
scientific or management information - or the lack of it - has played
in that divergence. I will use three examples: (1) sediment control,
(2) coastal land use, and (3) striped bass management. In each of
these three areas tho availability and type of Information accessible
have played a role in the differing positions taken by the two
states, and particularly by state legislators.

It is necessary to point out that there are other factors, which are
of equal, and in many casas, much greater importance in influencing
the shape of legislative action. Deep rooted philosophical
differences in the role of government in problem solving, differences
in the geographical distribution of legislative districts, and real
physical differences in tho nature of the environmental problems
facing each jurisdiction do exist. Nonetheless, information
availability has played a not insignificant role.

The first illustration I will use is sediment control. In the early
1970's, both Harylsnd and Virginia enacted laws which required a
sediment control plan to be prepared and approved by local
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authorities prior to any land disturbance for development purposes.
Both were pattornod closely after national model legislation and were
very similar In Intent, scope, and implementation mechanisms. There
was one vital difference. The Maryland lav required the state
Department of Natural Resources to periodically review each local
government's program, including an assessment of how well the law was
being enforced. The Virginia law only required that the stato
Division of Soil and Water Conservation roviow each local government
to ensura an adequate ordinance had boon adopted. Neither stato had
the authority to enforce the law if It wore not being adequataly
carried out.

In Maryland, the small state staff carried out their reviews
diligently. Despite periodic improvements in the state Act, and
despite years of technical assistance, and tactics such as throats
and public ridicule toward those jurisdictions with poor records, the
Sediment Control Lav remained one of Maryland's cost flagrantly
ignored environmental laws. Over time a very damaging record of
noncompliance with the Act and non-onforcoroont by local governments
was established. Statewide a majority of sites were found to bo out
of compliance at any one time. Results of the reviews were widely
publicized. As a result, as part of tho Maryland Bay "packago" of
initiatives, legislation transferring authority for enforcement of
Sediment Control Law from local governments to the state was proposed
in 1984. The legislation passed easily in both houses of the Maryland
General Assembly.

Chesapeake Bay Commission members suspect that sediment control is
every bit as much an enforcement problem in Virginia as it was in
Maryland prior to tho 1984 lav. But since no state agency has been
charged with evaluating the quality of local government enforcement,
the "proof of such a problem is merely anecdotal. Surveys of local
Erosion and Sodimont control ordinance administrators and of Soil and

Water Conservation Districts hava ravealod that most believa that

enforcement is a problem. No data exists, however, on how many
violations aro occurring statewide. As a consequence, the only
action so far accomplished legislatively in Virginia has been the
enactment of a lav allowing local governments to issue stop work
orders as an onforcoment mechanism. This is a provision which, of
course, had strong local support, tho only opposition coming from tho
building industry. Stronger state action would require a bettor
documentation of tho extent of tho enforcement problem.

Land use legislation is another area In which tho two states diverge.
Coastal land uso legislation protecting a 1000 foot strip next to the
water's edge was introduced in Virginia in 1978. Aftar passing the
Senate, much amonded, it was defeated in tho Bouse Conservation and
Natural Rasourcos Committee by a voto of 9-11. As a result of this
and other frustrations experienced in trying to develop a coastal
management program to comply with tho federal Coastal Zona Managomont
Act, Virginia temporarily curtailed efforts to develop a coastal
management program (a program was submitted In 1985 and approved In
1986). The 1984 Virginia Chesapeake Bay Initiatives did not contain
any land use control legislative proposals.



Legislation similar to the 1978 Virginia bill, but more restrictive -
the Chesapeake Bay Critical Area Act - was enacted in Maryland in
1984.* While it was a highly controversial proposal the legislation
passed with a significant majority in both houses. The protection of
shoreline areas through this bill was successfully sold as a
necessary element of the Bay Restoration effort. A vote against the
bill was viewed as a vote against the Bay.

Timing, surely, had much to do with the failure of tho Virginia bill
in 1978 and the success of the Maryland bill in 1984. Information
developed through the Chesapeake Bay Program in tha interim more
clearly established the relationships between land use and water
quality, and 1984 was a time of enhanced public awareness of tha need
for action to restore the Bay's health. But boyond that, the actual
documentation of development patterns and problems in Maryland was
much more highly developed. Seven years of fodoral Coastal Zona
Management funding to Maryland had also resulted in more complete
inventories of shoreline land uses, assessment of local land use
activities, and information on the impacts of individual dovolopment
projects.

Resource managers in Haryland have a tendency to belittle tho land
use information base that is available through the Maryland Automated
Ccographic Information (MAGI) system, but in fact, that land use
information base in much better than that of many other states in the
Chesapeake Bay region. It was possible in Maryland to produce maps,
which, at least on a gross scale, showed how coastal land was being
devoured for residential and commercial use, and to aquate areas of
high growth to areas of reduced water quality. This was possible
because of a geographic information system, tho existence of state
required county water and sewerage plans and numorous resource
inventories conducted by the coastal zone management program.

It was also possible in Maryland to point to land use control
activities which did not work to preserve tho Bay: a series of
"cooperative* programs such as the state land use plan, the authority
of the Department of State Planning to intervene in, but not overrule
local decisions, and the "network" approach to coastal zone
management could all bo demonstrated to have boon ineffective at
controlling the impacts of growth.

Virginia does not have a department of state planning, or any other
agency which is charged with keeping track of growth and development.
It would be impossible, at this point, to map the tidal shoreline of
Virginia, showing how much of that land had baon converted from one
use to another over the lest ten years. Tho impacts of growth,
while obvious in Fairfax and Virginia Beach, cannot be documented on
a statewide basis. Further, since many counties have only recently
adopted zoning, and only recently has a "networked* Coastal Zone
Management Program been established, there is no record of failure of
those other approaches within the state.

A final example is in the realm not of environmental protection but
fisheries management. Striped bass have declined drastically since
tho mid-1970's. An interstate plan to restore tho population has

497



498

boon based largely on ono piece of Information, the juvenile index.
This index aoasuros tho number of young fish found in the prime
spawning and nursery areas in Maryland each yaar, and has boon shown
to be a good predictor of commercial harvest three years later. It
is, thus, considered and indicator of reproductive success.

This juvenilo index fell from a high of 30 in 1970 to a low of 1.3 in
1983, remaining low from tha mid 70's to tha present. This together
with greatly reduced commercial landings, led to a moratorium on
striped bass fishing in Maryland in order to preserve the species.
This moratorium was administratively, not legislatively imposed, but
required the acquiescence of a largo number of legislators, such that
bills removing the moratorium would fail. The moratorium came after
results of the juvenila indox had boon highly publicized for years as
the measure of tho haalth of the Chesapeake Bay striped bass stock,
and after the Department of Natural Resources in Maryland had gone to
groat lengths to explain the importance of this index to legislators,
fishermen, and tho general public.

Virginia had for several years - although not as long as Maryland
-made its own survoy of juvenile striped bass. It was until recently
conducted by different methods, and did not show the same drastic
downward trend. The principal scientific advisors in Virginia argued
to the Virginia Marina Resources Commission and to tho legislators
and public that reproduction was not as critically low in Virginia
rivers as it was in Maryland, and that less restrictive measures
would suffice. Virginia has lmposod regulations which keep it
within tha strictures of tho interstate management efforts of the
Atlantic Stataa Marino Fisharles Commission, but has resisted a
moratorium.

Most of us are not in a position to daal with many of the underlying
causes of divergence in political action taken by the various
participants in a multijurisdictional rasourco management activity.
We cannot change geography, and deep seated philosophical views on
tho role of government in resource management change only very slowly
over time. Wo can, however, work to rectify inconsistencies in the
quality and type of information available to decision makers.

The Chesapeake Bay Commission, is, in each of the examples noted
abovo, working to rectify information gaps that it sees as barriers
to affectivo actions. In 1986, tha Virginia Canoral Assembly called
for an on-the-ground assessment of the quality of local implementa
tion of tha Sedimant Control Law, That assessment is being conducted
now. Also initiated in 1986 is a Land Usos Roundtable, a blue ribbon
panel which will spend 18 months examining coastal land use problems
in Virginia and make recommendations to the 1988 General Assembly.
Calls for collection of consistent striped bass juvenile survey
information by tho two states havo rosultod in reconciliation of the
two methodologies. Tho rosult confirms that trends in reproductive
success aro indeed difforont in the tributaries of the two states,

and that problems are Indeed much more sovora in Maryland.



These examples demonstrate, I believe, that while a consistent
information base will not cause consistent and equivalent political
action, consistent action is not possible without it. The success or
failure of legislation dosignod to Improve sediment control and land
use management In Virginia over the next several years will be one
measure of its importance
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In order to preserve the beneficial uses of an estuary, many disparate sources of
pollution to the estuary must be properly managed and controlled. The management of
these sources is a highly controversial process that involves a series of scientific and
policy/legal judgments concerning the degree to which each source must be controlled
and/or reduced. Generally, this process is disorganized with dischargers, regulators, and
environmental groups each generating their own scientific information base for use in the
political/legal process. Not surprisingly,there is often substantial disagreement among
these sets of information and their interpretations. Because managers do not have the
ability to resolve the differences found in the available scientific information, management
decisions are often made on strictly political/legal grounds without adequate scientific
justification. The San Francisco Bay-Delta AquaticHabitat Institute(AH) is pioneeringa
new approach to estuarine environmental management. AHI is a nonprofit corporation
designated by the State of Californiato act as a permanent focus for coordinating all Bay
research and monitoring resources and to provide interested parties with coordinated and
complete scientific informationon the effects of pollutionon Bay habitatsand organisms.
The unique feature of AHI is that its Boardof Directors has balanced representauon from
industry, environmental groups, municipal dischargers, and local, state, and federal
government agencies, while remaining totally independent of each of these entities. AHI
has developed, and will maintain, a consensus among these interestgroupsconcerning
needed researchand monitoring, and providesa mechanism for a futureconsensus on the
cause-and-effect relationship between pollutants and adverse environmental effects and on
the degree to which there is scientific certainty,or uncertainty,in our knowledge of these
effects. If achieved,thisconsensuswill simplify the subsequent policy/legal aspectsof the
management process and insure that better, scientifically-based management decisions are
achieved. Considerable progress towardthis goalhasalready beenaccomplished.
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Michael S. Connor
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The Technical Advisory Process

The design of mechanisms to promote effective transmission of outside
scientific advice to governmental decision makers has generated a number of
approaches (Robinson, 1980). Much of the emphasis has focused at the national
level; hovover technical advisory boards havo become a common feature of
governmental studies at the federal, regional, state, and local level. At the
national level alone, there vere more than 1,300 national advisory boards with
22,000 members in the mid-1970s (Spohn, 1983). Despite their widespread use
at all levels of government, very little is known about what mechanisms
maximize the most effective use of non-governmental scientists, nor, in fact,
have any criteria been developed to determine such effectiveness.

The role of scientists Is particularly troublesome because of the triad of
roles they serve as (1) arbiters of the technical feasibility of a project,
(2) a separate political constituency, and (3) potential contractors for the
work which needs to be done. Scientists are often asked to review the

technical morlts of a proposed project, although in polarized situations few
scientists are perceived as unbiased (Reich, 1983). In addition, the
scientists asked to evaluate a project's technical feasibility nay later be
contracted to perform the work. The participation of scientists in the "Star
Wars" debate is a recent example of these overlapping roles, where scientists
opposed to the political ramifications of the project have refused to seek
research funding while characterizing the program as technically unfeasible
(Smith, 198S).
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The Bays Program

In June 1984, Congress appropriated $4 million dollars for tho U.S.
Environmental Protection Agency (EPA) to carry out a voter quality program
Including research, sampling, monitoring, and assessnent for the Long Island
Sound, Narragansett Bay, Buzzards Bay and Puget Sound. EPA decided to use on
approach for this program vhlch it had developed earlier In a largo multi-year
program on the Chesapeake Bay. The Chesapeake Bay Program (CBP) vas based on
an organizational structure vhlch included all the major agencies responsible
for Implementing the study at a management level and representatives of
constituencies using the Bay for recreational, industrial, or research
purposes at an advisory committee level. In the three Northeastern estuaries,
Long Island Sound, Narragansett Bay, and Buzzards Bay, BPA Region I vas the
lead agency for implementing the estuarine protection program. This case
study relates EPA's experience in developing a technical advisory committee
(TAC).structure in the three estuaries.

In evaluating the CBP experience, BPA realized that many of its
recommendations could require costly implementation programs whose potential
benefits would be difficult to predict with much scientific certainty.
Technical Advisory Committees (TACs) were included from the Inception of the
program as a necessary part of the overall management structure. Regular
oversight of projects in each bay was the responsibility of a Management
Cooaittee, consisting of members of the relevant federal and state agencies,
and the chair of the TAC vas included in this oversight group. Management
Committee decisions were formally endorsed by a Policy Cooaittee consisting of
EPA's regional administrator and a Cabinet-level state representative. The
TAC membership included representatives from the area's academic and
governeental institutions. The TACs were forced to ensure that the research
and assessment efforts and the recommendations resulting from then would be
technically sound and would be supported publicly by the local and national
scientific communities. In addition, the TAC structure was Intended to build
ties between the state agencies and the scientific community in order to
facilitate the transfer of technical expertise to the state agencies to allow
them to implement the program findings after the approximately five-year study
phase of each individual estuary program. Scientists vere solicited, then,
for their roles as experts, an Influential political constituency, and
potential contractors working in conjunction vlth the states.

Buzzards Bay

In Buzzards Bay the scientific comsunity is dominated by researchers from the
several Woods Bole research institutions and a regional state university
campus. Personal ties between the governmental and academic scientists vere
extensive. Both of EPA's coordinators for the program had had extensive
contacts with the scientific community In the Buzzards Bay region as graduate
students and post-doctoral fellows. Both state coordinators had attended the
state university, and all the groups had worked together previously on the
designation of New Bedford Barbor as a Suporfund site. In addition, several
Massachusetts agencies had good vorking relationships vlth other academic
groups. One example vas a long-tern cooperative program vlth UHass Amherst,
in which people from the state had served as student thesis advisors and many
of these students had taken positions vith the state after graduation.



In general, though, these relationships tended to be personal relationships,
rather than Institutional relationships. For instance, relationships vlth
other academic Institutions devoted to marine studies or even individual
scientists vas much less cordial at a state agency devoted to water quality
engineering as compared to fishery management. Because of the overlapping
jurisdiction betveen at least three state agencies and several departments
within one agency, different Individuals from different academic Institutions
had their own Individual contacts within one or tvo state departments or
agencies.

The strongest relationships vere betveen individuals from the state agencies
and academic institutions of the same disciplines, for Instance, stato fishery
biologists and biologists at the universities. The state people had been
students or colleagues of their academic counterparts. The weakest
relationships occurred betveen state engineers and scientists from the
academic community. Not only vas the personal history of ties absent, but the
additional difference in perspectives betveen scientists and engineers made
communication difficult.

The full participation of academic scientists in the Buzzards Bay program vas
also hampered by its small budget. Buzzards Bay's appropriation of FY85 funds
of $400,000 vas only about 40% that of the other estuaries, a small amount of
funds relative to the budgets of either the public or private scientific
institutions. As a result, the academic scientists, while Interested in
participating, vere reluctant to make any significant commitment of resources
to the program.

Chairmanship of the TAC vas declined by several upper level scientists and
undertaken by a less senior scientist. In addition, the attendees of tho
organizational meeting Indicated that their most appropriate function would be
a quarterly or biannual evaluation of the scope and progress of the program.
One scientist Indicated that proposal review should be conducted by EPA —-
"That's what you're paid for;" — a statement indicative of the general tone
of the meeting. Nevertheless, both academic scientists and state agency
technical staff agreed to communicate frequently in the development of the
program. In the succeeding months the state agencies and the academic
scientists did cooperate in the collection of a bibliography of materials
summarizing all information available regarding studies undertaken in Buzzards
Bay. This task vas a priority of the state and had long been conteoplated by
a researcher in Woods Hole.

An integrated revlev and coordination of sampling plans proposed by academic
and agency scientists failed to take place. The state and the academic
institutions had different priorities as to what sorts of data were most
valuable — the state emphasizing environmental characterization and the
academic scientists emphasizing measurements of transport and transformation
processes and rates. Since the TAC had indicated that proposal review should
be done by another group, the Management Committee decided to form a subset of
itself to reviev proposals to include those members of the Management
Committee not competing for funds; the TAC chair did participate as well as
scientists from EPA Region I and the EPA Narragansett Laboratory. Many
Academic scientists complained that the proposals were too management-oriented
and expressed Interest in proposal reviev by the TAC in future years.
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Harragansett Bay

There are several academic institutions surrounding Narragansett Bay, but the
preponderance of coastal and estuarine science is conducted In Narragansett
itself. In Narragansett there are a state university campus (URI), EPA's
national marine research laboratory and a laboratory of the National Marine
Fisheries Service. Ties betveen these institutions are close, as evidenced by
joint appointments and research projects. In addition, the state campus has
several ongoing programs vith the Rhode Island Department of Environmental
Management (RIDEM).

Initial development of the Narragansett Bay workplan vas conducted by an BPA
engineer and staff at the RIDBH. Strong concern vas expressed by scientists
at URI that the studies contained insufficient scientific input. In response
to these concerns, the RIDBH brought on staff a mid-level scientist from the
university who had received funding from the state to conduct research and
modeling necessary to develop permit limits on one of the state's priority
watersheds. At the same time, the state admonished EPA for not involving a
scientist of similar credentials to coordinate the EPA portion of tho program.
BPA made some staff changes in the following months and hired another Ph.D.
marine scientist to assist in Narragansett Bay's program development.

Shortly thereafter, the Narragansett Bay Project (HBP) TAC vas formed. It was
decided by the state and BPA that the chair should be the director of BPA'S
research lab in Narragansett, vho had participated in the CBP and understood
the way the organizational structure functioned. Potential members vere
suggested by BPA, the state and several senior level scientists at the
university. Some scientists vere concerned that the membership of the TAC
should consist solely of academic scientists. Governmental scientists felt
that their technical viewpoint should also be represented on tho TAC. This
dispute was resolved through meetings of the state coordinator, some senior
scientists at the university, the TAC chair, and a university dean vho vas a
member of the Management Cooaittee. After several iterations of negotiation
it was agreed that the TAC membership would consist of a mixture of
scientists, vho represented a broad cross-section of study disciplines, half
from the academic community and half from Federal and state agencies.

In contrast to Buzzards Bay and Long Island Sound, where approximately a dozen
scientists vere interviewed during vorkplan development at separate meetings
at each of the scientific, government, or public advocate institutions
concerned with the bay, the Narragansett Bay vorkplan was developed during a
series of large meetings devoted to each of the scientific disciplines
involved in Narragansett Bay — modeling and circulation, chemistry, ecology,
fisheries biology, and planning. As a result, nearly every scientist working
on Narragansett Bay had a chance to present his or her study priorities.
These meetings vere summarized by the state coordinator, and the identified
issues vere ranked by the Federal and state management agencies. The
prioritized Issues vere presented to the Management Cooaittee vhlch accepted
the scientific recommendations, but requested on increased emphasis on public
education and management studies. These changes affected the total budget by
less than ten percent. Based on the workplan, the sampling and research,
portions of the vorkplan were advertised by requests for proposals. The 30
proposals received vere evaluated by theTAC during several afternoons of



meetings. Their recommendations vere completely endorsed by the Management
Committee.

Long Island Sound

The project initiation process in Long Island Sound vas markedly slower than
in the other two estuaries because the process involved tvlce as many states,
twice as many EPA regional offices, and an interstate agency. Because of the
number of institutional players, it vas decided at an early stage to
concentrate on ensuring consensus among these lead agencies before attempting
to organize the advisory committees. An unintended result of this decision
vas the perception among the academic community that the TAC process vas
simply "window dressing", and that the technical soundness of the study would
be subverted to political concerns. In addition, the large number of state
and local agencies vhlch requested representation on the TAC far outnumbered
academic membership and resulted in concern that academic influence would be
diluted.

Early meetings of the TAC resulted In little participation by the academic
community and an initial decision by the participants in the early meetings
not to elect a TAC chair, nor to participate in the process except for
informational sharing. A representative from EPA's Narragansett Laboratory
vas asked to act as liaison to the TAC. A major portion of the workplan
development and selection of projects vas thus completed with minimal
involvement from the TAC. At the same time, extensive discussions took place
betveen scientists from EPA and the Long Island Sound academic community
attempting to increase their participation, and a follov-up TAC meeting
elected co-chairs from the two major state universities. The elected
individuals predicated their participation on the development of an
appropriate charge, and submitted a proposed charge to the Management
Committee defining the TACs role. In addition to a formal statement of the
TAC role, the academic scientists also lobbied to change the structure of the
TAC to encourage greater participation by the academic community. The TAC vas
divided into two sub-groups; one concerned vlth coordination of all technical
programs on the Sound with open membership and one concerned with proposal
solicitation and reviev vith membership equally divided among governmental
agencies and academic scientists.

Nearly all the work funded for the first year in Long Island Sound consisted
of collection and assessment of the historical data to be conducted by the
Federal and state agencies and contractors. The TAC chairs decided that there
vas insufficient time to solicit and select research proposals through peer
reviev in order to meet contractual deadlines. The TAC did reviev the

proposals received from the Federal and state agencies and requested that the
groups better integrate their individual proposals into a coherent program.
Vorklng groups vere formed In the four major program areas toxics,
eutrophication, living marine resources, and source characterization — to
develop a more coherent program.

The Management Committee accepted the TAC recommendations and agreed to
develop a competitive research program as a part of the future program.
Relationships betveen the academic community and the governmental agencies
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were further developed during a tvo-day meeting vhere managers presented their
priority issues and questions in Long Island Sound, and scientists Indicated
the research required to address those questions.

Discussion

As the above case studies demonstrate, the effective Involvement of academic
scientists in the activities of theTAC and their impact on the development of
the estuarine program vas strongest in Narragansett Bay and weakest in Long
Island Sound. Several measures demonstrate this ranking (Table l)i the
number of TAC meetings relative to Management Committee meetings, vhether
proposals vere chosen competitively, vhether proposals vere separately
revieved by the TAC, and the percentage of study funding received by the
academic community.

TABLE 1. A Comparison of Procedures In Three Northeastern Estuaries

Long Island Narragansett Buzzards
Sound Boy Boy

Ratio of TAC/

Management Meetings 12 1

Proposal Reviev by TAC7 Yes Tea No

Funding Decided
Competitively Ho Tes Tea

Percentage Funds Received
by University OX 73X 23X

Maximizing agency-acadealc contacts

Three sorts of activities vere key to the development of good contacts betveen
the state agencies and tha academic scientific community:

1. Building personal trust betveen groups;
2. Responsive action by scientists to managers' needs;
3. Responsive action by managers to scientists needs.

Building trust

Intervlevs vith all groups involved vith the formation of these TACs or similar
prograas in other locations eophasize the importance of building a trusting and
personal relationship betveen scientists and managers. In all the examples, it
vas clear that structure of trust oust be built afresh betveen each different

agency department and academic department. Ties between one university
department and agency branch vere no guarantee of a cordial relationship



betveen any other academic department or agency branch. The simple inertia of
unfamiliarity vlth other groups prevented the Initiation of ties and created
suspicion of the intent of the other parties, resulting in comments such asi
"Are the scientists genuinely Interested in helping us manage the Bay, or do
they vant to grab all the money?"

Problems in communication also arose from the different perspective scientists
and engineers bring to environmental problems, with scientists focusing more on
rates and processes and engineers on characterization and implications for
permit issuance. Bven vhere the agency-academic process is running fairly
smoothly, problems nay still arise. A common issue is assigning credit for the
development of results. For instance, in Narragansett Bay, an article appeared
in the Providence Journal referring to vork In the bay as a "RIDBH study"
vlthout mentioning the names of the scientists at URI vho actually did the
vork, and sloply quoting a RIDEH official. The situation vas diffused through
conversations betveen the government official and tho affected scientists.

one major stumbling block preventing cooperation betveen agency and academic
scientists is the potential competition for funds. As described in the
introduction, academic scientists are potential contractors for research. In
two of the estuaries, agency scientists expressed concern about competition
vith the academic community for funds. Only in Narragansett vas this not a
problem because the state had such a small staff that Its capability for
performing vork ln-house was limited. In addition, where there vas potential
for competition, the state coordinator insisted that the agency and academic
scientists submit a joint proposal. Many state and Federal agencies feel that
regulations prohibit then from competing for funds against non-governmental
organizations. Whatever the legality, in practical terms governmental agencies
are less experienced in proposal preparation than academic or consulting groups
and are, therefore, in a competitive disadvantage. To minimize this potential
threat to cooperation, the Bays Program developed a strategy of he Management
Committee deciding at an early stage in the process how monies vere to be
divided among the categories of monitoring, research, and synthesis and policy
development, and the procedures to be used to award funding. Certain funding
categories (e.g., monitoring) vere considered as most appropriately a
governmental role, vhile other categories vere opened for competitive,
peer-reviewed funding.

Responsive action by scientists

A mechanism oust exist in the academic organizations to permit and even
encourage the participation of scientists in these studies. The TAC functions
in these estuary projects are extraordinarily resource-intensive. They require
a great amount of vork on the part of the chairperson. This vork is not
generally allocated much importance by the university in the performance
evaluation of staff scientists.

The Management Cooaittee for Narragansett Bay Included the dean from the
graduate school at the state university's marine campus. This individual was
seen as responsive to needs of state agencies. The dean took an active role in
mediating disputes betveen academic scientists and state bureaucrats over
membership of the TAC, made university facilities available for project
activities, and negotiated a reduced overhead rate vith the state for research
funded by the project. The dean's active involvement in the HBP vas also
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important In the message his presence sent to scientists at the university. It
is demonstrated that their participation in the project vas encouraged, and
scientists at the university contributed the equivalent of several person-weeks
of their tine to workplan and proposal reviev and coordination. In the other
estuaries, commitment from academic scientists often depended on the sense of
responsibility or interest of the individuals involved and their ability to
cajole the participation of colleagues.

The major challenge in soliciting scientific participation Is enlisting
scientists vho are willing to focus on problems beyond their individual
research Interests. Initial discussions vlth scientists during the preparation
of all three vorkplans often resulted in Individual sales pitches by the
scientists for the importance of their ovn vork. The resulting vorkplans
emphasizing research needs in on estuary sometimes reflected the background of
the participating scientists. For Instance, sedimentation processes received
little emphasis in Narragansett Bay, vhere participation in the planning
process by geologists vas minimal, and a great deal of emphasis in Long Island
Sound, vhere geologists were an integral part of the research planing process.
The outcome was similar for organic geochemistry, though the tvo estuaries
reversed positions. The TAC chairs and other scientists most responsible for
the project's outcome vere those individuals most able to broaden the scope of
the project. In one instance, they actively encouraged the continued
participation only of those scientists able to focus on hov managers could best
use the research results.

Responsive actions by managers

The single most important action by the state agencies vhlch established their
credibility vith academic scientists vas the appointment of established
scientists from academic institutions to coordinate the project. The
relatively large input by scientists in Narragansett Bay and increased
acceptance of the project occurred once a URI scientist joined the RIDEM staff.
The State of Massachusetts had a member on the Narragansett Bay Management
Coonittee, and after observing the success of the state coordinator, he lobbied
for a similar position in Buzzards Bay. In both instances, the scientist
occupying the position reported directly to the relevant environmental Cabinet
head rather than through the existing line agencies. Such a reporting scheme
convinced the scientists that they had the "ear of the director", but also
created the potential for friction if the line agencies felt they vere being
by-passed. In Rhode Island, it vas decided to make the special Narragansett
Bay office a long-range planning function vhile the line agencies vere
responsible or day-to-day functions. The distinction betveen the tvo functions
is somevhat fuzzy, but the defined roles at least improved morale.

Besides this Indication of concern at the Cabinet level, several day-to-day
cooaittee operating functions can also indicate to scientists the seriousness
that the agency ascribes to theTAC process. Sindermann (1982) has suggested
that scientists participating in TACs use "perceptive and aggressive game
playing" to prevent advisory committees from becoming rubber stamps for agency
policies. Re suggests that TAC members insist on agendas in advance of
meetings, approval of sutcmary minutes and recommendations, increased meeting
frequency and public release of coonittee recommendations.



Many of these same demands vere made by scientists before they agreed to
participate on the TAC. In addition, the Long Island Sound TAC chair
negotiated a formal statement of the cooaittee functions and membership before
agreoing to participate. Determining TAC membership vas also an area of
negotiation In tvo of the estuaries. Agencies are reluctant to assign too many
povers to an unproven committee structure, but the negotiations over the
appropriate role of the TAC made clear the expectations of both sides and began
the process of personal relationship building.

Finally, the academic community Is alvays searching for funding assistance and
responds favorably to saall amounts of support. In both Buzzards Bay and Long
Island Sound the TAC chairs oade special pleas that money be set aside for the
support of studies by graduate students. Such Joint graduate education
projects have long been used by state agencies to build ties vlth the acadeoic
community, either through classes for their employees or serving as faculty
advisors for students at state universities.

Summary

Much of the literature evaluating the role of advisory committees debates the
extent to which they Influence policy development (Sulzner, 1971; Wolanin,
1975). I have discussed above hov participation of the academic comnunity can
be maximized In technical advisory committees. Many of these recommendations
are resource-intensive, both for the agency staff and the academic scientists.
It may not alvays be In the interest of both groups to expend the resources
necessary to effectively participate in this sort of organizational structure.
For instance, In the early Buzzards Bay meetings, scientists hesitated to put
much energy Into the project. Hovever, should the issues be of sufficient
controversy or the funding of a large enough magnitude to warrant full
participation, the effectiveness of the technical advisory system can be
maximized by careful attention to building personal trust betveen groups and
responsive actions by scientists and managers to each others needs.
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The Prcblwi Pacing Ratuarlpn

Today the U.S. iswitnessing a significant and accelerating decline
of water quality and resource abundance in the majority of our major
coastal environments. Over-exploitation of resources is one obvious
problem. More than 99 percent of the world's marine fish catch is
taken within 200 miles of land. In one estuary alone it is said
that nearly one half of the nation's oysters are harvested.

It cannot be assumed that depleted stocks will recover naturally in
the face of continued harvest pressure and loss of breeding grounds
and nurseries, caused by pollution of coastal waters and the
draining of wetlands for development.

This leads to a second, more insidious problem. In the united
States alone, approximately 70 percent of the population lives
within 50 miles of the coastline. The proportion is increasing by 5
percent each decade. If this trend continues for a few years, half
the U.S. population will be living In coastal zones an only 5
percent of the total land. Because of moderate temperature,
recreational opportunities and a certain natural ambiance these
areas are drawing people like a magnet.

As a result our major estuaries are experiencing accelerated rates
of exposure to the concentrated by-products of civilizations
pollution from treated and untreated sewage, industrial waste
discharges, and fertilizer and soil runoff from nearby agricultural
lands.
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There is an urgent and unprecedented need for management policies
thatwill arrest the resulting environmental problems before marine
systems are irreversibly degraded and their valuable resources
irretrievably lost and multiple dwelling units elbow out
recreational opportunities and natural habitats while asphalt
substitutes for ambiance.

Framework for Managing Entuariw Preservaticn

Protection of the nation's estuaries has been identified as a
national priority. Congress has charged the Environmental
Protection Agency with the responsibilities for restoring water
quality and living resources through improved estuary management.
To carry out the Congressional authorization, EPA established the
national Estuary Program (NEP) within the Office of Marine and
Estuarine Protection (OMEP). One national program is implemented
through the EPA Regional Offices under theguidance of theOMEP.

To provide assurance of strong scientific support Congress has
charged the National Oceanographic Atmospheric Administration
(N.O.A.A.) through the National Estuarine Management Office to take
responsibility for research into living resources and habitat
protection.

The U.S. Pish and Wildlife Service and the Army Corps of Engineers
make up the remainder of the responsible agencies of the federal
government.

Host states bordering our nation's estuaries have established
environmental management structures to deal with coastal and
estuarine systems. For example:

Some states have taken the initiative to deal directly with the
critical land areas within 1000 feet of shore. Towns and cities
bordering coastal areas and bays have recognized their role as the
first line of defense against estuarine degradation. Ccrmunity and
municipal officials have the direct responsibility for sewage
treatment, land use planning, zoning and agricultural practices.

In some states, officials from towns and cities at the headwatersof
rivers and streams have recognized their role in the restoration and
preservation effort and have begun to address the problem of
deforestation and land conversion on bays and estuaries many miles
down stream.

This formal institutional structure is held responsible for defining
the problem, developing a framework for action, setting goals and
designing mechanises for achieving those goals. Some way trust be
found for the these institutions and the people who man them to
sustain the will and the necessary resources for the decades
required to achieve water quality and habitat protection goals.



The private sector

The motivation for restoring and preserving our estuaries, has come,
as well, from an aroused public. The ultimate success of any
cleanup effort depends upon the public remaining concerned.
Government efforts at estuarine protection must be monitored and
participated in by the public to ensure that water quality goals are
achieved. The public must build and sustain the constituency to
helpgovernment environmental managers maintain the needed resources
to complete the restoration effort.

"Users' of the estuary and of resources that affect estuarine
quality — fishermen, boaters, the merchant marine, industries,
farmers, tourists and the residents of the coorainities connected to
thecoast by land or streams abutting the coast must find ways to
build comprehensive coalitions to support the needed action to
restore and protect the coastal environment.

Tha scientific cctrtrunlty

GOTernment-spcnsored science and research is revealing the status of
water quality and living resources in major estuarine watersheds.
However, baseline data has not been established for every estuary.
The ultimate success of any restoration effort will depend upon the
extent of the data base and the quality of research facilities
focused on the estuary.

The purpose of this paper is to recognize how the traditional tools
of regulation and enforcement are being employed by environmental
managers today to find ways to manage the restoration and
preservation effort and consider some new tools available to them
which recognize the realities of today's "Nobody's in Charge
Society". Beyond that we present for consideration what government
decision makers will need to do to make environmental management
decisions that stick as they get used totheir leadership role in a
world of "upside-down pyramids".

Leadership of the Tnfonwd

He are indebted to Harlan Cleveland, Dean of the Hubert Humphrey
Institute of Public Affairs, University of Minnesota, for clarifying
the problem for us in a speech at the World Future Society
Conference, New York, July 1986, and in his book entitled: The
Knowledge Executive — Leadership in an Information Snclpfy.

I will excerpt bis principal points:

Shortly after the attempted assassination of President
Reagan in 1981, Secretary of State Alexander Haig
announced on television from the White Bouse that "I
am in control here...." That statement produced
neither reassurance nor anger from the American
people: rather, the response was nervous laughter, as
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in watching theater of the absurd. Ke, the people,
know by instinct that in our pluralistic democracy no
one is, can be, nor is even supposed to be "in
control". By constitutional design, reinforced by the
information-rich conditions of work, we live in a
"nobcdy-iri-charge" society.

In a twbody-in-charge society, where decisions are
node by consensus and committee, policy is made by an
upside-down version of the traditional pyramid of
power.

More and more work gets dene by horizontal process—or
it doesn't get dene. More and moredecisions are made
with wider and wider consultation—or they don't
"stick". A revolution in the technology of
organization—the twilight of hierarchy—is already
under way.

In the old days when only a few people were well
educated and "in the know", leadership of the
uninformed was likely to be organized in vertical
structures of conroand and control. Leadership of the
informed is different: it results in the necessary
action only if it is exercised mainly through
persuasion and by consulting those who are going to
haveto do something to makethe decision a decision.

Very large lumbers of people empowered by
knowledge—coming together in parties, unions,
factions, lobbies, interest groups, neighborhoods,
families, and hundreds of other structures—assert the
right or feel the obligation to make policy.

Decision making proceeds not by "reccronendations up,
orders down", but by thedevelopment of a shared sense
of direction among those who must form, the parade if
there is going to be a parade. Participation and
public feedback become conditions precedent to
decisions that stick.

In the upside-down pyramid, where the people really do
make the policy, leadership is continuous
dialogue—not an act, but an interaction between
leaders and followers.

Certainly every environmental manager has experienced the
frustration of seeing carefully crafted regulatory policy being
brought to court before it couldbe implemented. In other instances
months of staff work has become the butt of criticism by private
sector activists and the media.

Dr. Cleveland underscores the environmental managers' dllemna when
he says—



It's more and more obvious: those with visible
responsibility for leadership are nearly always too
visible to take the responsibility for change—until
it becomes more dangerous to stand there than to move.

about Ccximrm Uroundi Center for Policy Negotiation

Cccmon Ground is an organization that is dedicated to finding ways
to help government decision makers make public policy decisions that
stick. It is concentrating at this time on environmental management
decisions. It is seeking practical solutions to the leadership
problem of an informed society.

Our organization is directed to help environmental decision makers,
specifically, policymakers from government and the private sector:

— who need to make, or seek to have others make, public
policy decisions that can be Implemented and not
challenged in the courts

— who need to demonstrate that true leadership today
derives from effective "followership"

— who need to protect themselves from the reality that:

"those with visible responsibility for leadership are
nearly always too visible to take the responsibility
for change — until it becomes more dangerous to stand
there than to move"

— who recognize that leadership of the informed can
result in the necessary actions only if it is
exercised mainly through persuasion andby consulting
those who are going to have to dc nnmething to make
the decision a decision

In short, the people who recognize that colleglal, not carntand,
structures become the more natural basis for organizing decision
making and that conferring and "networking" not "command and
control" become the mandatory models for getting things done. Our
goal is to help environmental managers prove that, more and more,
decisions are made with wider andwider consultation or they don't
stick (ie. participation and public feedback become precedent to
decisions that stick). Cannon Ground provides this help through a
process called Policy Negotiation.

about Policy negotiation

Policy negotiation is a conferring and networking mechanism which
offers a non-threatening means for demonstrating to government
decision makers the art of consultative decision making as an
alternative to "cotrtitand and control*.
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It is a neutral process that identifies a manageable number of
knowledgeable people concerned with an issue and provides for their
interaction in an orderly and structured manner until effective
public policy can be developed and embraced by the visible
leadership.

It is a transition process that recognizes the existence of
hierarchies ("the system") and assists them to function more
effectively in a changing society by learning and applying the art
of consultative decision making.

It is a process which enables the government manager to participate
informally, at first, without making any ccotrdtroent until he has a
chance to experience first hand the feeling of real power that
derives from consultation. He can experiment bymaking consultative
decisions and see how they work without premature visibility or
accountability.

It is a mechanism to deal with the realities of the "upside down
pyramid where the people really do make the policy — where
leadership is a continuous dialogue — notan act but an interaction
between leaders and followers".

It therefore contains within itself the chance to have an impact on
the legislative process in a way that will produce laws which are
designed to be implemented through consultative management rather
than litigation. This means laws which provide means for
interaction rather than compliance deadlines which are used as
target dates for litigation.

Policy Negotiation and the Erwironrnental Manager

The Center for Policy Negotiation is a nonprofit educational and
scientific organization, founded 12 years ago to help people work
together tobuild solutions to environmental and energy problems
which reconcile their different interests. Policy Negotiation has
been designed to help concerned individuals to define sharply a
public policy problem and then meet todevelop an action plan for
resolving it.

All ccmrunication ina policy negotiation managed by the Center is
"off-the-record", yet policy negotiations are coordinated with
formal government decision making processes. In short. Policy
Negotiation is designed to help people to work within the formal
government decision making system in order to make the system work
better.

Policy Negotiation is therefore critical to decision makers who need
a comprehensive understanding of an issue before they make policy
reccnnendations. Policy Negotiation helps decision makers to build
strong constituencies and assures that policy recotinendations can be
implemented.



The Center's role is limited to identifying and fostering
collaboration among interest groups, technical expertise and
decision makers. The Center's work is dene as soon as the parties
are able to sustain a collaboration. It is a catalyst for what is
in motion, not another layer in the management structure.

Trie Kinds of Tasues Addressed

Policy Negotiation has been effectively used to address issues:

• where environmental and economic concerns must be
integrated, reconciled and considered;

• where a considerable period of time may be required to
define the problem, develop an action plan and implement
the solution; and

• where the degree of uncertainty requires a high degree of
scientific and technical expertise to inform the decision
process.

Policy Negotiation has been utilized by Coastal and Estuarine
Managers in the following instances:

Georges Bank

Between 1979-1982, the Center assisted U.S. EPA, NCAA and DOI to
design and implement a program for monitoring the impacts of oil
exploration upon the Georges Bank. The agencies were collaborating
through the Georges Bank Biological Task Force.

Litigants from the diverse interests within the private sector and
government were incorporated into a policy negotiation network and
convened meetings. Policy Negotiation helped them to define joint
goals and to work collaboratively until agreement was reached on an
ecosystem monitoring plan. Government and private interests were
helped to integrate science and technology in their final policy
decision. After implementation was complete, the parties reviewed
the implementation of the overall resource management plan and
confirmed the quality of the government lease management process.

Chesapeake Bay

In 1981, the Director of the EPA Chesapeake Bay Program asked the
Center to assist Bay Program staff and staff of the Citizens Program
for the Chesapeake Bay (CPCE) to design and test the Resources Users
Management Team (RLKT) Concept. The Center helped EPA staff to
identify key participants for BUMT and to define the role of RIOT in
planning a management synthesis of research findings. The Center
assisted with the planning and implementation of the first two
meetings of RUKT. The Center's assistance in the Chesapeake Bay
Phase I effort was no longer necessary, once the members of REHT
were able to collaborate. The collaborative activity which followed

521



522

was facilitated by U.S. EPA's Chesapeake Bay Program and the
nonprofit Citizens Program for the Chesapeake Bay.

Today's Tools for Managing the Bnruarine Environment

The principal void in managing the restoration and preservation of
an estuary is a means to build a cccprehensive coalitions of users
and impacted parties from the private sector with a cccmcn goal and
to assure that the coalition isutilized by government environmental
managers in developing and implementing an estuarine protection plan.

The* skills of "cKxaninity of interest" building, meeting management,
facilitation, mediation and negotiation have been combined to
develop the process called Policy Negotiation. It can be utilized
to build and sustain a comprehensive coalition within an estuary and
to assist enviratDental managers to utilize that coalition to make
decisions that will stick.

National Eafcuarv Program

Currently the Center is developing a project for the Office of
Marine and Estuarine Protection which will utilize policy
negotiation to help build the coalitions that are needed to provide
the .framework for public/private sector collaboration. The Center
will help the parties set goals and develop action plans in three of
the nation'8 largest estuaries.

These tools applied in these ways can provide the kinds of
continuous interaction between leaders and followers which is needed
to make environmental management decisions that stick.
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New Hanover County, which includes the City of Wilmington in coastal North
Carolina, has attempted to faco the classic problem of reaping tho
benefits of desirable growth while simultaneously protecting those natural
resources and amenities which have served to stlmulato much of the growth.

The County has dovoloped and Implemented a comprehension and innovative
planning process to deal with this problem. This process has rosulted In
tho offective implementation of a Conservation Overlay District (COD) as
part of the Zoning Ordlnanco. This paper summarises tho problems that
faco tho County, and the planning process and treasures developed to
rectify the problems. Finally, several concluding remarks aro made
concorning tho first two years of implementation of tho COD and of the
effectiveness of tha planning process in general.

(1) Tho Problem

New Hanover grew by approximately 25% between 1970-1980, with 17 of those
percontago points duo to not ln-migration. Tha County is still growing by
sevoral per cent a year. Tho County is nearly surrounded by wator. Its
boundaries consist of approximately 37% coastal borrior island and sound
shorolino, 56% ootusxlne river shoreline, and only 7% land. The principal
biotic community in the County is seme type of wetland such as salt marsh,
swamp forest, or pocosin. These natural foaturos havo supported
commorcial and sport shellfishlng and finfishing, provided attractive
surroundings for aocond homo and retirement devolopmont, and supported
educational and scientific research.

Rapid dovelopmont, however, has threatened those coastal resourcoa by such
means as alteration of natural drainage patterns, otorawator runoff
pollution, and Indiscriminate filling, dredging, and clearing. In 1983,
for example, 41% of the Capo Fear Rivor ostuarios bordoring How Hanover
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County were closed for ohollflshlng due to pollution, compared to 15% for
tho State. Tha Initiation of construction of a Countywido sewer system
will greatly increase dovolopment pressure on wetlands, previously
constrained by poor soils and a lack of septic system suitability.

Othor County resources have also boon threatened by rapid development.
Concern has boon expressed for maintaining tha quality and recharge
capacity of tho aquifer system, which the majority of County residents are
dependent upon for potable water. Rapid development has also drastically
reduced much of the open space and woodlands. Many of the hundreds of
water-oriented archeological and historical oitoa in tha County have been
lost to development. Protection of traditional agricultural lands from
urbanization has also been voiced as an issue.

Tho County, State, and Federal regulatory framoworks for conservation of
tho above resources wero considered inadequate before development of this
conservation planning approach. Although tho County's Land Use Plan has a
number of policies oxproasing tha need to prosorve thoso conservation
resources, those policies do not have the force of law but instead provide
only guidelinos. The County's Zoning and Subdivision Ordinances, which
woro adopted prior to tho Plan, did not effectively reflect the policies.
Tho Ordinances had very few provisions either for the conservation of
coastal resources or for affective drainage controls for minimization of
stormwater runoff impacts. Stato and Federal permitting activities, by
means of tho 1974 N. C. Coastal Area Management Act and the 0. S. Corps of
Engineers' Dredge and Fill regulations, provided some protection for
certain projects but did not give the overall conservation resource
protoction desired.

(2) the Responno: Tho Conservation Planning Process

In response to the threatened destruction of tho County's coastal
resources, tho County formally Initiated tho conservation planning process
in 1983 and acquired a Coastal Area Management Act (CAMA) grant from the
Stato. The process culminated in the creation and implementation of the
Zoning Ordinance Conservation Overlay District (COD). Tho COD and other
products are discussed in the following sequential description of tho
planning process.

Stop one: Description of the problem and of possible strategies
This first stop of tho process examined coastal resource problems facing
the County and presented strategies for dealing with then. This stop
resulted in tho production of a Conservation Planning workpaper.

Tho Workpaper brought together information on coastal rooourco concerns,
tha oxtent of land development in tho County, and existing doficionclos in
County regulations. Tho Workpaper also evaluated and recommended
regulatory andother alternative actions that tho County could pursue,
such as public purchaso of fee simple title or easements; property tax
incentives; and zoning to presorvo environmentally sensitive land. These
possible actions have bean well documented by such organizations as tho
American Planning Association's Advisory Service (1975) and the national
Agricultural Lands Study (1981).

Stop two: Analysis of conservation resources

Tho County noxt performed a study of the conservation resource base in the



County. The resulting roport, "Conservation Rosources in Hew Hanover
County", is primarily tho work of a consulting ocologist, David M. DuKond.
DuKond analyzed and classified the biotic communities of the County with
emphasis on dollnoating wotland typos and areas of special significance,
such as shorebird nesting sites and Venus Fly Trap communities. DuKond
also delineated the communities on aerial photographs (1"»400') in
discrote units as small as one acre, and provided some field training to
Planning Department staff.

Planning staff also collected information on significant archeological and
historical sites, primarily from tho State Division of Archives, and on
primary nursery aroas, which ore critical habitats for juvenile shollfish
and finfish. Table 1 lists the classes of rosources examined.

Stop three: Public education and participation

It is essentially impossible to perform a technical, completely objective
analysis of tho absolute benefits and costs of protecting tho difforont
conservation resources. Any attempt to determine the dollar value of an
archoological site, for instance, would be an exercise riddled with
assumptions and vagueness.

It become necessary, thcroforc, to obtain estimates of tho subjective
valuos held by the community relative to each conservation resource. The
community needed to be asked, for example, whether it valued an
archeological site more than a primary nursery area.

The County Board of Commissioners and the Planning Board wore first
educated concerning each rooource with regard to its extent within the
County, its importance to tho County's economy and culture, and its
sensitivity to development impacts. The Commission and Board waro thon
brought togethor in a workshop and led through a simple, itorativo Delphi
process to attempt to reach a consonaus concerning the relative importance
of oach resource. A micro-processor was used to provido rapid feodback
and statistical analysis of each iteration during the workshop.

Consensus was reached that only the wetland communities, maritime
communities, aroas of spocial significance, significant
archoological/historical sites, and primary nursory areas be given
protection. Tho upland and anthropogenic communities wero not considered
valuable enough to preserve. The aquifer recharge areas, although
conoidorod valuable, could not be dolineated with enough procision to
defend it against challenges on a site specific basis.

Stop four: Drafting of tho Conservation Overlay District (COD)

The COD of the Zoning Ordinance is the major product of tho conservation
planning procoos. The COD, drafted by Planning staff, requires varying
levels and means of consorvation of coastal resources doponding upon the
importance of oach resource. The koy provisions of tho COD include tho
following:

"Purpose - The purpose of the Conservation Overlay District
(COD) for conservation resourcoa 1b to protect important
environmental and cultural resources within the County.
Protection of these rosources is necessary to maintain the
County's diverse and ecologically important natural systems; to
preserve tho County's estuarine systems important for finfishlng
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TABLE 1 CLASSES OP CONSERVATION RESOURCES

Upland Communities

Longleaf Pino-Turkey Oak Woodlands
Mixod Pino-Hardwood Forost

Pine Forest

Hardwood Forost

Wetland Cornrainlties

Swamp Forest
Pocosin (including white cedar swamp)
Savannah

Ponds (natural)
Fresh Harsh

Brackish Harsh

Opon tidal wator (fresh, brackish saline)

Maritime Communities

Barrier Island-Beach Complex (including dunes)
Maritime Shrub Thicket

Salt Harsh

Anthropogenic Ccmreunitioo

Pine Plantation

Dredged Material Deposits
Agricultural Land
Succossional Land (revorted)
Utility Corridors
Urban-Developed Land
Impoundments and Lagoons
Rudoral Land

Areas of Spocial Significance

Important Animal Breeding Colonies
Important Animal Species Location
Important Plant Species Location
Potential Natural Areas

Important Community Complexes
Registered Natural Areas

Significant Archeologlcal/Historical Sites

Primary Nursery Area (Plnflsh/Shallflsh)

Agulfor Rocharqe Areas



and shellflshing; to provide open space; and to retain tho
County's archeological and historical horitage."

The COD applies to essentially all subdivisions and commercial or
industrial developments that disturb more than one acre and that occur on
parcolo of record as of the dato of adoption of the COD. Tha development
of one detached single family home or one duplex or two mobile homes on a
single parcel aro oxempt.

The COD requires three main means of protection of tho conservation
rosourcos:

(1) A percentage of tho resourcos, ranging from 50% (e.g. pocosin) to
100% (e.g. salt marsh) must bo preserved in its natural state and
designated as conservation space.
(2) Tho development slto must bo designed to meet performance drainage
requirements for a design storm of 10 year frequency. The design must
also provide for on sito retention of up to tho first 1.0" of Impervious
surface runoff. The required amount of retention depends upon the
importance of the resource as dotcrminod by the workshop.
(3) All structures and impervious surfaces oust be setback up to 100 foot
from tho conservation space.

Tho COD, however, provides flexibility to the developer in sovoral ways.
One, tho COD permits a quasi-transfer of conservation space requirements
from ono resource to another of equal or greator importance. Two, accoss
roads through conservation space are permittod if no other reasonable
alternative is available. Throe, certain minor improvements, such as
boardwalks, aro permitted to allow enhancement or enjoyment of the
conservation space. Four, a residential devoloper is allowod to develop
the same number of units as would havo been allowed bofore tho COD became
effective, by moans of clustering and modification of yard and lot
requirements. Finally, if a devoloper wishes to develop a significant
archeological/historical site, he may do so provided either a detailed
site invostigation is porformed or acquisition and Investigation righto
are given to tho County for at least 60 days.

The conservation spaco or an appropriate easement may bo dedicated to the
County, State, or Fedoral government, or to a qualifiod non-profit
organization. Another alternative is for the parcel owner or homeownor's
association to rotaln ownorship, provided the conservation spaco is not
disturbed.

Step five: Public review and adoption of tho COD
The staff developed several demonstration projects of how tho COD worked
and presented them to the governing bodies and others, such as the local
chapters of tho Sierra Club and of tho American Society of Civil Enginoors
(ASCE). One such demonstration 3howed how ono oxisting residential
development could havo boon redesigned with minimal impact to moot COD
requirements.

The staff mailed out copies of tho COD to all local dovolopero and
architects, requesting their input. The COD was also discussed at longth
at two public hoarings, one before tho Planning Board and ono before tho
Board of Commissioners. Each governing body passed tho COD unanimously in
tho fall of 1984.
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(3) Conclusions

The COD has been in effect for nearly two (2) years. Between forty to
fifty subdivisions and othor developments havo been affected by this
ordinance. Only one interpretation of the COD by tho County Planning
Department regarding a subdivision has been appealed. This appeal, taken
to the County Commissioners by the developer, was donlod. Gonorally, most
developers have boon cooperative in working with the COD. Thoir
cooperation may bo due to oovoral factors, including dillgenco by Planning
staff in assisting developers with interpretation of the ordinance and
with on-site delinoation of conservation rosources; recognition by
developers that the additional costs imposed by the COD are not
prohibitive in this high growth aroa; and tho realization by dovelopors
that tho delay and oxpenao of contesting tho COD in court probably would
exceed tho cost of complianco with the COD.

Generally, very little coordination has occurred batwoon tho County and
oither Fodoral or State agencies with regard to the meshing of COD
requirements with State or Federal wetland requirements. This lack of
coordination of three different sots of wotlond regulations has been a
legitimate sore point with developers. The County has felt justified,
however, in keeping the COD because of continuing changes in State and
Foderal rogulations. Federal and State loopholes and lack of Federal and
State enforcement.

The COD still has oovoral weaknesses. Although the rogulations have boon
"fine-tunod" twico in two yoars, now development situations may arise
whore tho regulations may appear too stringent or not stringent enough.
In addition, tho actual delineation or flagging of a conservation resource
is still partially dependent upon best professional judgement.

In general, howovor, this conservation planning process can serve as a
model for other localities to follow where natural rosources ore being
threatonod. The process io particularly rolovant for coastal localities
because of the COD'a emphasis an performance drainago controls, setbacks,
and preservation of valuable wetland. It is Important to noto that
property rights in terms of both density and the ability to develop
water-dopondent uses havo not been diminished.

The process realistically applies a number of classic problem-solving
steps, as detailed earlier. One important step, tho workshop with tho
County Ccnsnissionors and Planning Board, not only obtained an educated
consensus of subjective values for the conservation resources from
community leaders, but also gained their political Bupport of the COD
through thoir involvement in the process. Analysis of the conservation
rosources was also important in providing technical documentation and
justification for the COD. Development of tho detailed aerial photos and
field training of tho staff helps relieve tho burdon on the developer in
determining the extent of conservation resources on his property.

The procoss is helpful by integrating into a single comprehensive sot of
rogulations the protection of numerous environmental concerns, and
applying the regulations to all major uses. The protoction of wotlando,
for instance, also preserves open space, maintains aquifer recharge areas,
and performs othor functions.



The COD is innovative as a performance zoning district. It requires
preservation of natural areas not only for their rolo in maintaining
economically important environmental functions such as supporting tho
fishing industry and minimizing flooding, but also for their inherent
values as ecological communities. Savannahs, for example, contain
numerous scientifically and educationally interesting collections of small
plants. Tho COD's performanca drainage standards, clustering capability,
and othor provisions give flexibility to the dovolopor as long as tho
final result achieves tho COD's purposes. The specificity of the COD's
performance standards and revlow criteria, however, eliminate the
potontial burden of discretionary or arbitrary slto review of developments
by the County in the administration of the COD.

National Agricultural Lands Study, 1981. "Tho Protection of
Farmland: A Referenced Guidebook for Stato and Local Governments,"
USGPO, 1981 0 - 335-616

Planning Advisory Service 1975, "Performance Controls for Sensitive
Lands" PAS No. 307-308.
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BEHAVIORAL MAPPING OF BEACH USE AT
FIRE ISLAND NATIONAL SEASHORE

Susan Cutter and Enid Lotstein
Depaiuuem of Geography

Rutgers University
New Brmswick.NI 08903

Behavioral mappingwas usedasone technique to assessvisitoruse patterns on beaches.
Bi-weekly visitoruse was monitoredandmapped for the summer 1985 field season. Nearly 4,300
observations were made on the location of users using a standardized grid system and selected
characteristics (gender,attire,age,activity).

Fielddatawerethencomputerized andsubjectto multivariate statistical analyses. A series
of computer maps were generatedillustrating the patterning of users on the beach as well as the
determinantsofthis spatialdistribution.

Recent governmental actionsranging from the Paperwork Reduction Act of 1980 to the
recently implemented budget reductionsresulting from the Gnunm-Rudman-Hollings law have
adversely affectedsocialscienceresearch in national parks. The useof questionnaire surveys,the
mainstay of social science research, has been particularly restricted. Behavioral mapping is a
particularlyuseful alternative,as it yields substantialobservationaldata on actualbehavior. At the
sametime,it doesnotneedOMB approval, is rather simpleto implement, andmoreimportantly it
is cost-effective to use.
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MANAGING ENERGY DEVELOPMENT
IN A SENSITIVE COASTAL AREA

Mel Willis
McClelland Engineers, Inc.

2140 Eastman Avenue
Ventura. CA 93003

Introduction

This paper traces the efforts of Santa Barbara County to develop a
workable plan for a sensitive coastal dune-wetland complex and its
subsequent use to regulate the siting and design of major energy devel
opment projects. An important feature of this paper is a description
of the process followed by Santa Barbara County to develop an energy
facility siting management plan for the dune-wetland system and the
effect this plan had on subsequent project siting and design.

In 1977, eight years after the infamous Santa Barbara Channel oil
spill, the County of Santa Barbara began a planning effort that would
take five years to complete — the preparation of a local coastal
program, a component of the California Coastal Management Program.
Because the coastal aroa onshore and offshore Santa Barbara County

continues to be a major oil producing aroa, the issue of coastal energy
development was a major consideration in the preparation of the Santa
Barbara County Local Coastal Program.

The Nipomo Dunes, lying within northern Santa Barbara County and
southern San Luis Obispo County, are a portion of the largest remaining
coastal dune-wetland complex in California. Recognizing that Its
ecological and scenic values are of national significance, tho U.S.
Dopartmcnt of the Interior designated this area a National Natural
Landmark. The Santa Barbara County Local Coastal Program designated
the portion of the Nipomo Dunes within its jurisdiction — tho Mussel
Rock Dunes — an environmentally sensitive habitat area.
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Normally the California Coastal Act severely limits development within
areas having this designation) however, the Nipomo Dunes have high
potential for energy facility siting because of underlying oil fields
and nearby offshore oil production areas. Although the California
Coastal Act is primarily oriented to resource protection, it also
places high priority on energy resource development. The Nipomo Dunes,
therefore, provide a classic example of conflict between public
policies for protection of sensitive coastal resources and policies
that encourage energy dovalopmont.

History of Development

The open and shifting nature of the dunes has greatly restricted man's
use of the area. Tha scenic qualities of the dunes and proximity to
the ocean result in a significant potential for recreational use,
although unauthorized off-road vehicle activity is a major threat to
the ecological balance of the dunes. The impact of energy development
within the dunes, however, has been the principal focus of the county's
planning efforts in the aroa.

Two oil fields underlie portions of the Nipomo Dunes, and an offshore
oil production area is in proximity. The past history of energy
facility siting in tho aroa relates to exploration and development of
these fields.

The Guadalupe oil field covoro approximately 2000 acres, all underlying
the Nipomo Dunes. Host of the producing area is north of the Santa
Maria River in San Luis Obispo County, although a small producing lease
is located directly on the beach in Santa Barbara County. Recent
development activity in this field has been closely related to enhanced
recovery techniques, particularly thermal recovery by cyclic steam
Injection.

To the east of the Nipomo Dunes, In Santa Barbara County, is the Santa
Maria Valley field. In 1980, the discovery of a westward extension of
the field raised the possibility that it also extended beneath the
Nipomo Dunes. Coastal permits were subsequently granted for explora
tory wells just outsido the dunes, but no facilities were allowed
anywhere within tho designated environmentally sensitivo habitat area.

Offshore the Nipomo Dunes is the Santa Maria Basin. In Kay 1981, the
federal government held OCS Lease Sale No. 53, which included the Santa
Maria Basin area offshore northern Santa Barbara and southern San Luis

Obispo counties. Exploratory drilling following the lease sale
resulted in several major new oil discoveries. Plans for the develop
ment of these new fields includod pipelines across tho dunes to onshore
facilities.

Development of Management Plan

In 1978, in response to an application for exploratory drilling within
the Nipomo Dunes, the County of Santa Barbara sought to obtain more
detailed information on the environmentally sensitive dune ecosystem
through a special study of the area. The goal of the study was to



provide adequate information for a management plan to ensure that
anticipated energy development in the dunes is compatible with this
valuable coastal resource and is consistent with the requirements of
the California Coastal Management Program. Tho specific objectives of
the study were:

1. An inventory of the natural resources of the dunes>

2. Scenarios of potential energy development in the area;

3. An assessment of the impacts of all potential energy develop
ment;

4. Performance standards for anticipated energy facilities
including alternative siting strategies.

The outcome of the study was the development of an energy facility
siting management plan for the Nipomo Dunes (Envicom, 19B0).

In applying the specific policies of tho California Coastal Act to the
Nipomo Dunes, a basic conflict developed between one section of the Act
that mandated strong protection for environmentally sensitive habitat
areas and other policies setting the highest priority for coastal-
dependent industrial development. In passing the Coastal Act, the
California Legislature recognized that conflicts between the Act's
policies may ariso and directed that "such conflicts be resolved in a
manner which on balance is the most protective of significant coastal
resources." The basic strategy formulatod in the development of the
management plan for the Nipomo Dunes, therefore, is to ensure that: (a)
only those facilities are permitted that absolutely require a site
within the dunes to be able to function; (b) permitted facilities are
sited so as to avoid those portions of the dunes with the highest
resource value and sensitivity to disturbance; and (c) permitted energy
facilities meet strict performance standards to minimize impacts to
coastal resources to the maximum extent feasible.

A key element of the management plan, developed to minimize disruption
of habitat values, is a resource sensitivity map that depicts the
variation in habitat value and susceptibility to disturbance within the
dune system. The concept of "habitat value" is not defined by a single
resource value, but is a summation of all resource values that make

that specific habitat area unique. These factors include vegetation,
wildlife, scenic quality, archaeological sites, and geologic suitabil
ity. The usefulness of the resource sensitivity map as a planning tool
is that it identifies those areas within this environmentally sensitive
area that are least susceptible to disturbance, taking into account all
factors of importance to its overall quality. Conversely the resource
sensitivity map identifies those aroas with the highest habitat value
and susceptibility to disturbance and which, therefore, should be
avoided for facility siting.

Plan Implementation

After several controversial hearings before the Santa Barbara County
Planning Commission and Board of Supervisors, the management plan was
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adopted. On June 18, 1981, it was certified by the California Coastal
Commission and became a component of the Santa Barbara County Local
Coastal Program and the California Coastal Management Program. Since
certification, it has boon used In several major energy facility siting
decisions.

Husky Oil project

In August 1981, shortly after adoption of the Nipomo Dunes energy
facility siting management plan, the Husky Oil Company Initiated
development plan processing with the County of Santa Barbara for as
many as 57 oil wells within thoir lease that encompassed a substantial
area within the dune habitat area. To prepare its oil lease develop
ment plan, Husky Oil closoly followed the policies of the management
plan. To minimize the area to bo disturbed, Husky Oil consolidated its
57 proposed well sites onto three drilling/production islands. The
resource sensitivity map was utilized to locate the throo drilling
islands in the least sensitive areas. More importantly, the proposed
oil lease development plan complied with the objective of the manage
ment plan by only siting facilities within the dune habitat area that
were absolutely essential. All other facilities (e.g., storage tanks,
processing equipment, etc.) wore proposed to be sited in a location
outside the dune habitat area. The only facilities to be located
within the dune habitat area wore pumping units, once drilling was
completed.

In March 1983, after lengthy public hearings, the County of Santa
Barbara approved the Husky Oil project, subject to 36 conditions
reflecting the performance standards incorporated into tho management
plan. In addition, Husky Oil was required to delete one of the three
drilling islands because of its proximity to the nesting aroa of an
ondangcrcd bird, tho California least tern.

Development of Santa Maria basin offshore area

Offshore the Nipomo Dunes, sovoral major oil discoveries occurred in
tho Santa Maria Basin. One oil company submitted a plan to develop its
offshore lease by installation of a large production platform several
miles southwest of the Nipomo Dunes. To transport its oil to an
onshore facility for processing and storage, a pipeline across the dune
habitat area was proposed.

To comply with tho intent of the dune management plan, a pipeline
corridor was chosen with the least potential to disturb sensitive
areas. The offshore to onshore pipeline landfall site was chosen in an
existing oil production loase north of the Santa Maria Rivor in San
Luis Obispo County. Because San Luis Obispo County had followed a
similar approach to developing a management plan for the portion of the
Nipomo Dunes within its jurisdiction, siting of the pipeline corridor
utilized the resource sensitivity map to carefully "thread* a route
across the dunes to avoid disturbing sensitive areas. In addition, the
oil company initiated a research program to develop methods for restor
ing coastal dune areas impacted by underground pipelino laying.



Aquaculture project

The most recent facility to proposed siting within the Nipomo Dunes
habitat area was an aquaculture project for the commercial raising of
abalonc. Under the California Coastal Act, aquaculture is defined to
be coastal-dependent and given high priority for siting along the
coast. Unlike the previously discussed projects, however, the selec
tion of the aquaculture facility site did not closely follow the
policies or intent of the dune management plan. The proposed site was
in a floodplain near the mouth of the Santa Maria Rivor in a palustrine
wetland. A survey of the site revealed the existence of a plant that
was a state candidate for rare status.

Although the management plan was prepared to guide the siting of energy
facilities, its policies are also appropriate for minimizing the impact
of any major industrial facility. Bocause of the apparent inconsis
tencies with the intent of the management plan, particularly the
proposed location within a wetland, considerable public agency and
citizen opposition to the aquaculture project arose. Because of
virtually certain denial of the project, the application was withdrawn
and a now site was proposed in a nearby location, outside the wetland
area, that much more closely complied with the intent of the management
plan.

Conclusions

The development of the Nipomo Dunes energy facility siting management
plan, and its subsequent implementation, provides several lessons that
are appropriate to industry, government, and private citizens that are
involved in similar siting decisions in environmentally sensitive

1. Energy development in areas that have high habitat value will
require measures by industry entailing substantially higher
costs of doing business. The costs of complying with siting
criteria and environmental performance standards will
directly increase with habitat value, not always linearly.
In some cases habitat value may be high enough to preclude
development.

2. For government, the keys to a successful plan for managing
development in an environmentally sensitive area are: (a)
preparation of rules that are explicit, easily understood,
and with minimum latltudo for Individual interpretation; and
(b) sticking to the rules once adopted.

The Nipomo Dunes energy facility siting management plan was formulated
at a time when lengthy waiting lines at gasoline stations emphasized to
the public the need to develop domestic energy resources, but the
memory of tho effects of the Santa Barbara Channel oil spill was also
still frooh in the public mind. The subsequent implementation of the
plan has demonstrated that a workable solution Is possible for managing
development in sensitive coastal areas.
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THE USE OF ZONING REGULATIONS TO REDUCE
COMPETITION BETWEEN COASTAL DEPENDENT USES

AND NON-COASTAL DEPENDENTUSES

A. Kevin Crawfordand CharlesT. McCaffrey
Departmentof State
Albany,NY 12231

In New York State, as elsewhere throughoutthe nation,development pressurein coastal
areasis substantialand increasing. The result is often to limit public access to, and recreationaluse
of, the shore, as well as to drive out commercial and industrial operations which depend on a
waterfront location. In New York, several types of development, but particularly residential
development, compete with coastal dependent uses for waterfront land. Without regulatory
controls and other government incentives, coastal dependent uses for increasingly scarce suitable
waterfront sites.

It is state policy in New York, as expressedin the State'sWaterfront Revitalizationand
Coastal Resources Act and its Coastal Management Program, to promotepublicaccess,recreation,
and coastaldependent uses. While the State has severalmeans for furthering this policy, local
governments throughtheir land use regulations arein the best positionto managethis competition
between uses;and zoning is the most appropriate tool at theirdisposal.

The range of approaches include single use zoning districts, e.g., a marine commercial
districtwith all otheruses prohibited, zoningdistricts which permita rangeof compatibleuses but
not theprincipal competing uses,suchas residential development; zoning districts whichpermit
competing uses but afford incentives in the form of development bonuses to the desired coastal
dependent uses; and zoning districts which require mixed use development, i.e., non-coastal
dependent uses are permittedonly if they also provide forcoastaldependent uses. The specific
approach, or combination of approaches, a municipality should take will depend upon the coastal
dependent uses appropriate to its waterfront and, equally important, upon the degree of
development pressurecoming from non-coastaldependent uses.

Since implementing such regulations mayoften result ina reduction in property values
and be contraryto the development expectationsof propertyowners, need forcare in draftingsuch
zoning regulations is emphasized. The municipality must havea clearideaof preciselywhat uses
areto be promoted,as well as the nature of developmentpressures thatexist. It must particularly
be able to draft regulations in a constitutional and legallyauthorizedmanner. The "due process"
and "taking" issues must be considered.
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Currently, under contract with the Department of State, more than 100 coastal
municipalities are engaged in preparing local coastal management programs. Nearly all are
engaged in major revisions to landuse regulationsalong their coast
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THE CHESAPEAKE BAY: EVOLUTION
OF THE PLANNING PROGRAM - PHASE I

HarryW. Wells, Ir.
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Historic Ppr.ipnr?!-iv<»

At the end of the last ice age some 10,000 years ago, the
Susquehanna River drained 64,000 square miles from the highlands of
south central New York, west to the Appalachian divide, east to the
Delmarva peninsula, and south to tidewater Virginia. As global
warming melted glacial ice, the sea level rose, forming the
Chesapeake Bay much a3 we know it today. The Bay, with its mixing
of saline and fre3h waters, shallow depth, and thousands of acres
of wetlands and tidal marshes, is an extensive protein factory that
is the nation's largest and most productive estuary. This
distinction is threatened by the declines in biological
productivity of the Bay caused by the cumulative stresses of human
population growth in the Bay area.

Public and scientific concerns over the changes in the productivity
of the Bay, human health effects, and the intrinsic value of the
resource have generated a wide range of regional and national
actions and responses. The most recent pulse of concern
crystalized in the mid-1970's with the passage of P.L. 94-116.
This provided funds and guidance to the Environmental Protection
Agency (EPA) to coordinate a research program to identify the
changes in the Chesapeake Bay and to recommend management
strategies to correct the problem areas.

The EPA, after consultation with the scientific/technical community
and the public, indentified ten program areas of concern. From
these, three priority program areas were selected for study and
review: submerged aquatic vegetation, toxic chemicals, and
nutrient enrichment. After an intensive seven-year research
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program with an investment of 27 million dollars, the EPA found
that the Bay was in fact stressed. Acreage of submerged aquatic
vegetation was found to be the lowest in recorded history, with the
prime suspect being reduced light. In sediments of certain parts
of the Bay toxic chemicals were found in concentrations exceeding
100 times the natural background levels. In most of the Bay
nutrient enrichment was reducing levels of the dissolved oxygen that
is vital to the health of the Bay.

In addition to these three primary research topics. Bay scientists
observed that over time there were shifts in the living resources
of the Bay. Oyster harvests had declined dramatically, and there
were shifts in the species diversity and composition of finfish.
Populations of marine-spawning fish like bluefish and menhaden were
increasing, while populations of fish that spawn in the freshwater
subestuaries of the Chesapeake like striped bass, herring, shad,
and white perch were significantly declining.

The findings of the Research Program documented and validated what
many public officials and private citizens felt what was happening
in the Bay. They formed the backdrop for a landmark conference
convened by the Governors of Virginia, Maryland, and Pennsylvania,
the Mayor of the District of Columbia, the Administrator of the
Environmental Protection Agency and the Chesapeake Bay Commission.
The conference not only solidified political and public support for
a restoration and protection effort; it also established both goals
for the Chesapeake Bay and the management mechanism to assure that
those goals were achieved. The goals and management mechanslm were
articulated in the Chesapeake Bay Agreement of 1983, which was
signed by the conference participants.

The conference in December of 1983 was the basis for the first
phase of a plan of action to restore and protect the Chesapeake
Bay. The problems had been indentified, a political commitment
existed, federal and state funds were available, and the public
supported action. Goals were established, and an approach was
described in a publication "Chesapeake Bay Restoration and
Protection Plan" issued in July 1985.

The programs of the Chesapeake Executive Council, which were
contained in the 1985 Chesapeake Bay Restoration and Protection
Plan continue today. They focus on efforts to reduce pollutant
loadings through the use of known and affordable technology,
including the institution of basinwide nonpoint source programs in
priority watersheds, phosphorus treatment and phosphate detergent
bans in critical portions of the Upper Chesapeake Bay, and reduced
chlorine loadings to tributaries during critical stages in the
development of young fish.

These programs and activities are supplemental companion tasks to
the historic EPA programs, which maintain and upgrade the NPDES
permit system, protect wetlands, plan for watershed Development and
implement Superfund related tasks.

The 1985 Chesapeake Bay Restoration and Protection Plan is
particularly significant because it contains goals in the areas of
nutrients, toxics, living resources, related environmental



programs, and institutional/management approaches. These goals,
which remain current, include:

-Reduce point and nonpoint source loadings to attain nutrient
and dissolved oxygen concentrations necessary to support the
living resources of the Bay.

-Reduce or control point and nonpoint sources of toxic
materials to attain or maintain levels of toxicants not

harmful to humans or the living resources of the Bay.

-Provide for the restoration and protection of living
resources, their habitats, and their ecological relationships.

-Develop and manage related environmental programs with a
concern for their impact on the Bay.

-Support and enhance a cooperative approach toward Bay
management at all levels of government.

The success of programs implemented under the Restoration and
Protection Plan and information collected in the course of
implementing them is providing managers with insights that help
them to refine the goals of the program and plan for future
pollution control strategies.
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ANEW DIMENSION TO THE PLANNING PROGRAM- PHASED

Victoria P. Bittern'
Water Management Division

Region III
U.S.Environmental Protection Agency

841Chestnut Building
Philadelphia. PA 19107

Therenewed commitment torestoration of theChesapeake Bay evidenced inthesigning
of theChesapeake Bay Agreement in 1983, was followed bytheinitiation of theImplementation
Phase andthedevelopment of theRestoration and Protection Plan. Achievement of the goals
embodied inthe Agreement and the Plan must accommodate institutional and geographic diversity,
die complexity of the natural system, and expected continued population growth and accompanying
demands on resources.

TheChesapeake Bay Agreement states and participating federal agencies are undertaking a
refined application of theprinciples of implementation embodied inthePlan. Phase IIisBay-wide
inscope but specific initsobjectives. Water quality and habitat goals will derive from quantitative
requirements of living resources. Hydrodynamic and waterquality modeling will beused toguide
the determination ofnutrient load capacities for specific geographic areas of the Bay and itsmajor
tributaries. A strategy for toxics control focuses on the implementation of current toxicity
assessment and reduction policies. Technological and management alternatives for achieving point
and non-point source load reductions will be evaluated systematically, both in terms of
effectiveness and cost.

The products of Phase II,aquantified, comprehensive assessment of themagnitude of the
clean-up effort and themeans and resources required toeffect it,willenable managers to formulate
courses of action thatcan accommodate thepressures of population growth without sacrificing the
health ofthe Bay.
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THE CHESAPEAKE BAY PROGRAM'S
COMPREHENSIVE MODELING STRATEGY
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WaterQualityControlSection (3WM12)
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841 Chestnut Building
Philadelphia. PA 19107

Abstract only

Since 1950, there hasbeenan increasing trend in the accelerated eutrophication of the
ChesapeakeBay. Accompanying the increased eutrophication, there is evidence that the areaof
anoxic Baywaters hasalsoexpanded. Inorder toeffectively deal withthe water quality problems
of the Bay, State and Federal environmental managen must ultimately find answers to the
following key management issues;

1. Canthe eutrophication andanoxia problems be alleviated through control of phosphorus? or
nitrogen? or both?

2. Do both point and nonpoint sources need to be controlled?

3. What levelof controlshouldbe implemented?

4. Where(location) should controls beimplemented first tohavethegreatest impact?

5. Howlongwillit takeandhowmuchwill theBayimprove oncecontrols areimplemented?

The Chesapeake BayProgram hasinitiated acomprehensive modeling strategy inorder to
provide a scientific framework within which the management issues can be addressed. The
modeling strategy includes the development andapplication of a nonpoint source loading and
transport model,a steadystatetwo-dimensional eutrophication modeland ultimately a three-
dimensional eutrophication modelof the Bay andmajortributaries.
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Restoring Chesapeake Bay Living Resources

Introduction

Chesapeake Bay's legendary "bounty" has dwindled alarmingly, especially
over the last ten to twenty years. This decline has been Judged in
large part attributable to nan-related causes, in particular, degraded
waters. Accordingly, the last decade has seen a well funded, determined
attempt to try to better understand, and then ameliorate, poor water
quality in the Bay. This paper presents a methodology which Is Intended
to be used to develop realizable goals for both water quality and the
key speclos dependent upon it.

Resources at Risk

A nunber of species in Che troubled Chesapeake Bay ecosystem are
typically singled out as experiencing great difficulty. Anadrooous
fishes as a group are characterized by the coooon necessity of their
young requiring high quality fresh or brackish water. Some of these are
highly prized, coaaerctally. The Atlantic sturgeon, once the mainstay
of early Chesapeake area colonists Cslong with oysters), has been a
rarity for some tine, but other species, perhaps hardier, have been more
abundant until recently. The striped bass fishery has become so
troubled as to warrant a current complete harvesting ban In Maryland and
a partial one in Virginia. American shad, affected by river dams as
well as poor water quality, are also harvest banned, in Maryland.
Another important snadromous fish, the forage species rivor herring, is
also down in numbers.
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Harvest figures for these fishes admittedly are not ideal gauges of
abundance, owing to other types of mortality in other waters, climatic
factors and cycles, etc., but they are seen popularly and politically as
representative of the Bay's decline. Harvest (commercial and
recreational) figures for 17 major species are available, by region or
river basin, dating back to 1929, and earlier in some cases. (Bonzek and
Jones, 1982)

An Important habitat in Chesapeake Bay has historically been Its
submerged aquatic vegetation <SAV), which performed Beveral valuable
ecological functions. SAV's decline has been precipitous, from 1965 to
the early 1980's. Analysis of cores from areas of traditional SAV beds
reveal no similar, widespread, multiple species decimation, though
individual species have waxed and waned.

At* or near the top of the food chain, certain waterfowl have also
experienced very significant reductions In numbers, believed Indirectly
at least partly attributable to degraded Bay waters. Populations have
been measured during the 0. S. Fish and Wildlife's (FWS) annual winter
surveys of overwintering ducks, swans and geese, since 1948. Species
such as the canvasback and, In particular, the redhead duck, aro a small
fraction of earlier numbers. The latter species depends primarily on
SAV plant parts for winter sustenance, and has been forced to move south
to other waters, to obtain enough food to survive. Redheads averaged
35,000/yr over the entire period of surveys, but only 3500/yr in the
1980's.

Understanding Resource Problems

A useful tool which can be used to help understand the reasons for a
particular species' or habitat's decline has been developed by the 0. S.
Fish and Wildlife Service. The tool, Cumulative Impact Analysis (CIA),
takes a designated problem experienced by a living resource and then
thoroughly probes the literature, field data, unpublished file data,
etc to yield likely causer) which are believed to contribute to the
problem. A similar process traces consequences believed attributable to
the problem, both direct and Indirect, A phase of the Analysis also
studies ways to lessen causal factors and to ameliorate effects.

As a simplified example of CIA, the major cause of SAV loss is thought
to be turbidity. In turn, nutrient excess producing high algal numbers,
and suspended sediments from faro and urban runoff, shore erosion and
wind-induced bottom resuspension cause turbidity. Steps such as sewage
effluent reduction in nutrients, agricultural Best Management Practices
(BMP's), etc can then be postulated to relieve turbidity causes.
Similarly, effects of SAV loss such as reduced shelter for fishes and
Invertebrates can bo examined.

Water Quality Data

Once the location and other information describing or explaining living
resources is known and entered into a suitable data management base,
the extensive water quality information already acquired and stored
during previous years' field work can then be examined and linked, where
possible, to living resource data. This Is the key process In the



methodology being proposed - developing the linkage between these major
components of the Chesapeake Bay ecosystem.

The linkage described also serves as a major tenet in the Environmental
Protection Agency's concept of "Phase II" of Its mld-1980's Implemention
Plan to restore the Bay's resources. Although other factors can
strongly affect these estuarine waters, eg., a climatic episode such as
storm Agnea In 1972, these may be uncontrollable by man. In many
respects, "day-by-day" water quality is largely determined by the
activities of humans, however. In the case of Chesapeake Bay, a rapidly
expanding surrounding human population has Indisputably degraded the
waters, and in turn the living resources. Degradation having these
origins can be reduced.

EPA produced in 1981 a valuable
segmentation map, shown at left.
Using historical data and also some
data from its then-ongoing research
phase of Chesapeake Bay Program work
(1977-1983), the agency characterized
In specific ways water quality la the
various segments shown on the map.

Theso baseline data are valuable for

at least two reasons. They can be
used to match up with known
historical and geographical
information about living resources,
in order to determine how the

degraded (or clean) water may be
affecting the organisms In question.
The CIA process mentioned earlier can
assist tn such comparisons and
analyses.

For instance, an EPA segment might be
known from field data to have high
levels of DDT metabolites In its

sediments. This could then be

correlated with lack of breeding
success of osprey, eagles or even
breeding black ducks known to attempt
to reproduce In the area.

In the especially Important area of toxics, knowing which toxicants are
located where, and In what concentration, will be vital Information in
determining both a key organism's "health", and also the strategy or
water quality goal to effect improvements. For heavy metals
EPA has developed toxicity indices for areas of the Bay, and also a
standard sediment "Contaminant Index" which will be useful to this end.

Similar work is needed for organic toxicants.

The second way in which earlier baseline water quality data will be
useful will be in the comparison with the comprehensive Bay monitoring
program set up in 1984 by EPA and the States. The voluminous data now
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being acquired will be lndlspenslble in assessing how various measures
such as BMP's, nutrient reductions in Sewage Treatment Plant effluent,
NPDES permit modification, etc, are working to Improve water quality.

Requirements of Living Resources

In order to assess how specific water quality conditions are affecting
living resources we need to know what those resources require, to
survive, reproduce, etc Much already exists In the literature, for
example adult oysters can survive only five days with dissolved oxygen
at Ippm or less. 100Z mortality in larval oysters occurs at 3ppt of
total suspended sediments. The Fish and Wildlife has developed "Habitat
Sultabllty Indices" for some of the important Bay species fe.g., black
duck) which also will be valuable In helping to determine the
characteristics of habitat and water quality needed for survival In
water or shoreline regions of the Bay.

Maryland's Department of Natural Resources, which nas been given the
responsibility of chairing a "Living Resources Task Force" for the Bay
by the Chesapeake Bay Implementation Committee, has come up with a list
of proposed basic water quality criteria needed to protect
egg/larval/Juvenlle/adult life stages of several groups of typical,
Important Bay organisms - estuarine resident and migratory flnflsh
species, anadromous fishes and shellfishes. Virginia has recently added
a somewhat more oxtenslve list of associations-species.

The criteria covered temperature, dissolved oxygen, fecal collform
bacteria (most relevant to shellfish), pH, turbidity, and suspended
solids. These criteria are, at this writing, out for flnallzatlon by
Task Force members. The members have also been asked to select
indicator species to which to apply criteria, to describe geographic
areas of most sensitive life stages and to Identify times of critical
life stages, for species selected.

In addition to species' life requirements, Incorporated Into proposed or
actual water quality criteria, we need to build Into the criteria
quantitative data regarding life-threatening substances. These are
needed to determine the maximum concentrations of toxicants which the
key species can endure, before being adversely affected at either the
acute or (preferably) sub-acute level.

A useful document done for EPA Otoumeyer and Setzler-Bamllton, 1982)
looked intensively at bloassay tests conducted on 18 key Bay species.
The toxicants Included heavy metals as well as various organic
pesticides. Industrial solvents and other harmful sustances. These
types of data, bolstered where necessary by new or recent data acquired
from stepped up blomonltorlng or other biologically oriented field data
acquisition In Bay/tributary waters, would be Included in determining
species life requirements.

Water Quality Standards

Knowing, or learning, what Chesapeake Bay's living aquatic resources need
for survival (and prosperity) in the waters surrounding them tends to be
easier than actually achieving that water quality. Nevertheless, two



major sections of the 1972 Clean Water Act (CWA) appear to provide a
logical way to proceed to better water quality. If the BPA and states
work vigorously and effectively, then "water quality which provides for
the protection and propagation of fish, shellfish and wildlife" (an
interim goal of the Act generally not realized by Its original target
date of July 1, 1983) can conceivably be achieved. The Implementation
phase of the Bay Program In fact aims to do this.

Section 303 of the CWA directs states to develop, establish and, If
appropriate, revise their water quality standards. BPA then reviews the
state standards to assure that the states' criteria and use designations
(which together make up a standard) are at least as stringent as the
federal criteria. EPA also has authority to replace Inadequate state
standards with federal ones (though generally this Is not done).

Section 304 of the CWA directs EPA to publish and periodically review
water quality criteria for (among other things) aquatic life. These
criteria are then used by the states to formulate water quality
standards.

Pennsylvania, Virginia, Maryland and the District of Columbia have
incorporated a few simple water quality standards applicable to aquatic
life, Including for minimum dissolved oxygen, pH range, temperature
maxima (aside from ambient) and fecal conforms. Maryland and D.C have
turbidity maxima and Pennsylvania a TSS limitation.

After thts the situation is highly variable. Haryland is the only
jurisdiction with criteria in aquatic life use waters for toxic organic
compounds. Pennsylvania has a comprehensive set of criteria for heavy
metals In Its "warm water fishes" usage category. Virginia's metals and
insecticides criteria apply enforclbly only to public water supply.
D.C.'s protection for its rather short stretch of Potomac receiving
waters includes an extensive list of metal and insecticide/industrial
materials criteria.

The four jurisdictions differ widely also in the way they define water
use classification systems. The criteria levels for particular
pollutants can differ sharply as well: the trout waters In Maryland
have a 0.002 mg/1 chlorine limitation whereas Pennsylvania's limitation
for trout waters is 0.15 mg/1.

With so much latitude allowed in water standard setting by the states
contributing runoff and effluent loads to the Bay it is clear that no
affective prevention of degradation of aquatic life is uniformly in
place. Either the states and D.C will need to Improve their water
quality protection frameworks or possibly run the risk of EPA-lmposed
standards, seeking more uniformity and possibly more rigorous criteria
than those now in place, for the greater good of the Bay and its living
resources.

EPA has In fact turned out a number of guidelines, for water quality
criteria, beginning with its 1976 list of maximum allowable
concentrations for over 20 pollutants. During the late 1970's criteria
documents for 64 pollutants listed In Section 307(a)(1) of the CWA were
developed. By the 1980's the list had expanded to 129 top "priority
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pollutants," a figure which could doubtless be further expanded, and no
considerations are as yet known or built into the currently simple,
single substance, limitations which could then account for synergistic
(nixed or multiple) impacts of toxicants on living creatures. Criteria
for allowable toxicant concentrations In sediments also need to be
developed further.

Finally, on the subject of standards and criteria, EPA published in
December 1984 a set of useful "Cuidellnes for Deriving Numerical Aquatic
Site Specific Water Quality Criteria by Modifying National Criteria"
(EPA-600/53-84-099). As yet not Implemented, these include procedures
for determination of indicator species' (resident and non-resident)
sensitivity to ambient waters, a concept which la at the heart of the
methodology discussed generally In this paper. In short, water quality
needs to be married to the status of living resources, preferably on a
geographical basis, la order to bring about improvement of the latter In
Chesapeake Bay.

Setting Coals

Movement from the current low-status of both water quality and living
resources in Chesapeake Bay is sorely needed, many parties agree. To
move from this status toward Improvement necessitates setting goals, or
"targets", in the sense of numbers to aim for. It may well be that the
targets selected will never be attained, or at least not for
considerable time, nevertheless the need for direction and movement Is
urgent. By achieving incremental progress toward stated goals bee
below), program activities and expenditures will be justified, and the
public and political wills tend to be sustained over the long haul
toward restoration.

An overall set of strengthened standards could be assigned for the
entire Chesapeake Bay ecosystem, as one option. The present set of four
or five pollutants for which general standards exist In all states
appear adequate as far as It goes, though further review Is appropriate
to cover the probably more stringent safeguards needed for very young
life stages of any key species selected for this process (example:
threats from high TSS levels to oyster or fish larvae).

As a general rule of thumb, when setting new standards for other
pollutants, two orders of magnitude below the current known bloasaay
toxicant for the assigned key species, la desirable as a standard. Sub
acute response, If available , Is preferable to acute, and in obtaining
a figure, the species selected (from the literature) should be the one
with the most susceptibility to each toxicant.

Practically speaking, a second option which Involves setting improved
water quality standards and linked living resource goals on a
prioritized, geographical basis may be more workable than the overall
Bay approach (this relates to the BPA guidelines document approach
referred to earlier for "site specific" criteria). In doing this, much
better use of the known store of Information both for water quality and
living resources can be made.



Prioritizing makes best use of the EPA segmentation scheme mentioned
earlier. For those segments much previous, baseline information on
water quality exists which can In turn be compared directly with a
wealth of living resources data. To cite three examples, the SAV summer
field survey sampling locations closely match or cover the various
segments, the fisheries data going back to 1929 Is by river basins and
the FWS winter waterfowl survey flight areas closely parallel the
segments.

Much additional living resource data exists, for example, oyster spat
set locations arc mapped, striped bass spawning areas known, juvenile
Indices derived for fish caught in repeated survey areas, etc. All
these data can easily be matched with water quality Information as known
from the past and as it becomes available in the future.

A policy for prioritization needs to be set up. For example, segments
with good resources and good water quality could be deemed so valuable
as to warrant most effort to protect and maintain for the future. Or
the reverse policy, restoring the worst segments, could be adopted.
Other segments matching poor water quality with good resources, or vice-
versa, would warrant Intermediate prioritization.

Actual numerical goals for living resources have been suggested, in a
preliminary "straw man" document, issued by Maryland DNR In summer 1986,
as follows:

Striped bass - 3 year running average Juvenile index of A.O
Other Anadromous fish - average harvest equal to mld-1960's
Estuarine flnfish species - Maintain current levels
Oyster - Average harvest equal to late 1960's
Blue Crab - Average harvest equal to early 1980's
Softshe11 clao - Average harvest equal to mid 1970*3

To this could be added the restoration of canvasback and redhead

ducks to mld-1950's numbers.

It oust be stressed again that such figures are merely targets.
establishing movement and direction. Such goals can be "softened" by
specifying rough incremental gains to be reached on a shorter time span
basis. To give an example, Bay-wide acreage of SAV could be projected
to Improve by 5X of the difference between higher 1960's acres and
present abundance, annually for the next 20 years, to reach eventually
the earlier acreage of Bay grasses. Individual year variation (often
heavily Influenced by climatic factors in the case of this habitat
resouce, as well as for most Individual species resources) can be
"averaged" over 3-or 5-year Intervals.

To such specific goals would be linked the corresponding water quality
improvement. The SAV example would see a looked-for Secchi disk reading
Improvement of 0.25 meter each year, or some similar improvement (total
suspended solids numerical reduction could also be used). The living
resource and water quality Improvements would be on a geographical,
segmented basis and. In effect, "ratcheted" to one another, such that
improvement In one or both entitles triggers and demands continued
subsequent Improvement.
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Monitoring

The only practical means by which to measure future success of the
linked methodology described Is to use tho comprehensive Bay monitoring
program put into place In 1984 and somewhat enlarged in 1985. Both
water quality parameters and soma living resources (phyto-and
zooplankton, benthos) arc Included in the program, and sediment samples
for toxicant content covered as well. A total of 28 Virginia and 22
Maryland malnstem stations are Included in the program. Equally
Important, for living resource monitoring especially, considerable
tributary monitoring Is also being carried out.

Nutrients are featured In the water quality monitoring. Although these
appear to have little direct influence on higher trophic levels, in fact
as the source of the remarkably (and unwanted) high primary productivity
by algae in the Bay, nutrient monitoring is vital, If water quality Is
to be seen to Improve.

The zooplankton portion of the monitoring program is also of great
value, given the great Importance of those organisms (especially) as
food for certain fishes. Improvements In the numbers of these and other
key parameters or organisms measured each year will Indirectly attest as
to whatever various basic programs aimed chiefly at water quality
improvements are succeeding.

Other monitoring activities have already been mentioned, such as yearly
SAV surveys and photography-mapping, the FWS winter waterfowl surveys,
state juvenile fish index surveys, oyster spat surveys, etc - When all
are figured in, a potentially quite reasonable sum total of resource
Information Is available against which to match water quality changes,
as the overall Bay restoration program goes forward.

Summary - A description has been given of potential and probable linkage
between water quality and certain kinds of living resources In
Chesapeake Bay. The kinds of data which can be used to document past
quantities of each of these ecosystem elements are reviewed. Suggested
quantitative goals are mentioned, as "coupled" targets to shoot for, In
achieving better water quality standards and increasing populations of
living resources on a geographical segmented basis.

Looking ahead, the monitoring of Bay water quality and some living
resources in the present program, as well as some living resource data
available from other ongoing programs, will be invaluable In gauging
future success of all restoration activities. Other monitoring programs
are discussed briefly In the paper.

Tha Chesapeake Bay's problems are basically these linked to large human
populations. Such environmental problems (particularly perceived as
living resources failures), since they originate with people, can also
be solved by people, given their will and energy (and adequate funding).
By noting Incremental Improvements, as discussed In the paper, patience
for the long pull toward eventual restoration is more likely to be
maintained.



Degradation of the Bay has taken a long time and cannot be overturned
quickly. The nutrients problems are more solvable than the toxic ones,
which represent a real "time bomb" or "wild card" In the Bay's future.
Most urgent of all activities is thus the need to bring about strong
water quality standards protecting living resources from toxic impacts
In all areas of the Bay.
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WPS Funds and Guidelines for Use of Funds

The decision to address the Nonpoint Source (NPS) problems in the drain
age basin of the Chesapeake Ray was based on results of the research and
technical studies and the overall progress being made with the point
sources within the basin. The research and study effort came to a close
wtth a Governor's Conference, held In December of 1983, and with the
signing of an agreement establishing the current cooperative program for
the clean-up of Chesapeake Bay. The federal government, via the White
House, pledged $40 million over a four year period to assist with the
Implementation of measures to address problems that were not heing funnVri
with construction grants funds and to fund an office to assist the States
with the effort. The Executive Council earmarked a major portion (S7.25
million) of the annual funds for grants to be used for the control of NPS
problems. They also developed a set of guidelines for the use and distr
ibution of the money as follows: 1) of the total implementation funds,
30* Is to go to each of the three States (only Pennsylvania, Virginia,
Maryland, and the District of Columbia signed the agreement) and 10% to
the District of Columbia; 2) the projects must address problems ident
ified In the Restoration and Protection Plan for the Bay, a document
listing problems and corrective activities for the Bay; 3) at least
75* of the funds for each grant must be used for NPS activities, the other
25% could be used for point source projects that cannot be funded using
construction grant funds; and 4) federal funds must he matched dollar for
dollar.

The federal funds are managed by EPA, Region III, the Chesapeake Bay
Liaison Office, and are subject to the grant rules and regulations for
project grants. As such, the grants require the same accountability as
any federal grant. However, since the funding of NPS implementation on
such a large scale Is new for EPA and for that natter for most other
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federal agencies, additional tracking Is carried out to follow the
process being made with the installation of Best Management Practices
(BMP's) through out the basin.

State and Federal Implementation Programs

Inorder to understand the scope of the various Implementation prograns
that are currently underway 1n the basin, a short description of the
State and Federal programs follows:

Pennsylvania; The program that Is funded by the Implementation
grant Is limited to agricultural NPS problems and has targeted the
first efforts and funds In the lower portions of the Susquehanna
River basin. The major problem here Is though to be excess
nutrients from animal manures, therefore the major thrust for the
program Is nutrient management. The program 1s structured to
require a subbasln plan before a contract for other cost shared BHPs
will be developed for him. The State does not have a similar
program In other parts of the state to date, therefore the staff 1s
free to spend full time on the Chesapeake Bay Program.

Maryland: The program that is funded with the Implementation grant
Is both agricultural and urban. The current urban program has been
limited to demonstration projects in an effort to develop an under
standing of which BHPs are best for the urban problems in the Bay
drainage. The agricultural program is a statewide program funded
mostly by State Bonds, with about one million dollars of Implement
ation grant funds each year going to agricultural BHPs. The agri
cultural program selected 40 watersheds within the State as priority
areas and are spending the majority of the bond funds 1n these areas
and all of the grant funds In the top 20 areas. These watersheds
were selected because of their potential to deliver sediment and
nutrients from the land to nearby streams. Another area that Is
receiving attention Is shoreline erosion, with both state and
federal funds being used for demonstration and cost share projects.
Stormwater management is already a very strong program within the
State, therefore very little of the grant funds are being used for
this ongoing program.

Virginia: The program that Is funded with the implementation grant
is both urban and agricultural in scope and is part of the state
wide NPS program, but covers only that portion within the Bay drain
age basin. The urban program is also a demonstration and evaluation
effort. The agricultural program selected two major river basins
and a portion of a third as the areas to receive attention. Crop
land is the target within the two major basins and animal waste Is
the target within the two major basins and animal waste 1s the
target to other area. A geographic Information system (GIS) 1s
being built over portions of the cropland areas and is being used to
target funds to the actual acres that need BHPs. This system, as It
now operates, can target the planning efforts to the correct field
and can compare different proposed BHP contracts for cost effective
ness. As this system is expanded and refined It will be able to do
a very good job of directing funds to the actual acres needing BHPs.

District of Columbia: The program funded with the Implementation
grant, Is as expected, totally urban In scope. The District has had
soil erosion management for construction sites, but has not been
able to enforce water quality after the project was completed. The



first step taken by the District has been to hire staff for a storm
water management program and to develop a set of requirements for
permits. An educational effort has also been started to help
reidents with home and lawn control, contractors are also a target
for this program. These programs are to be active over the entire
District, but initially are targeted in the Annacostia River area.
The District has a construction effort underway 1n the Annacostia to
remove sediment from stormwater runoff. They are also working with
the State of Maryland on the entire Annacostia watershed to control
erosion and water quality.

The federal role in the Implementation of NPS control programs has many
facets. EPA Is charged with the role of the lead federal agency and as
such has the responsibility for the 10 million dollars and how It Is
spent each year. There are six other federal agencies that have agree
ments with EPA to direct their current programs to assist with the
restoration of the Bay If at all possible. The type of assistance
provided varies, but some agencies such as the Soil Conservation Service
provide hands on service to the implementation effort by doing most of
the farm plans that are used to select BHPs and that are the basis of the
cost share contracts.

Tracking Systems for Implementation of BHPs

Once a grant 1s funded, considerable time and effort goes into the track
ing of Its progress over time. Along with the normal accounting type of
tracking, we are trying to track the actual installation of each BMP
installed within the 64,000 square mile drainage basin of the Bay. The
decision to develop the tracking system has at least two major objectives,
one being the need to follow the use of funds In the targeted or critical
areas and the second being to use the location of the BHPs to make simple
load reduction calculations early in the Implementation program. The
tracking system as It now operates just accounts for the agricultural
BHPs as the contracts are certified and the money Is paid to the farmer.
There 1s a need, and the plans are ready, to obtain the same information
regarding the other RHP programs such as USOA's Agricultural Conservation
Program.

The BHP tracking system contains a large amount of Information about each
BHP contract that 1s funded, such as: BMP location by county and by
subwatershed, BHP type, acres served by the BHP, number of animal units
served, tons of manure stored, tons of soli saved per acre, pounds of
nutrients saved per acre or ton, total cost of the BMP, cost to the
farmer, and the cost share amount by funding source. As can be seen,
with this amount of Information and a computer to store 1t In, one can
utilize this data to develop many different analysis, such as: how are
different programs or funding sources working together in the various
areas, the amount of sediments or nutrients being retained on the land
within a specific subwatershed, the cost per unit of pollutant retained
by different BHPs and therefore the efficiency of the BHP, or one can
look at the dollars spent by funding source, by county or subwatershed.
As other data sets from other BHP programs are brought into the system, a
clear picture can be had regarding the actual amount of Implementation
that 1s taking place in the area of Interest. One problem that can occur
is that older reporting systems will not usually contain as much data as
we are getting and may be limited to county information and not subwater
shed as we have. Also, if you are just starting to develop such a track-
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ing system 1t would be helpful to locate BHPs by coordinates for later
use 1n a GIS. This would also help load Implementation information Into
the landuse data base for model use. One word of warning, at the present
time USDA does not use coordinates on most of their RHP reporting systems,
therefore contact with local USDA agencies would be advisable before a
system Is Installed.

The tracking system described herein Is based on having the BHP contract
with the farmer completed and all bills paid. This means that the work
is complete on the contract and that all components are complete. This
is true only if the payments are made on whole contracts and not on
partial contracts, which Is done in some cases. Therefore, one must be
very careful to totally understand the system used In the field. The
tracking system also does not give a true picture of progress for the
first two of three years, as a program is getting started, because we are
counting only completed contracts and the most Important Items early in a
program will be the number of acres served by signed contracts, the type
of BHPs used in the contracts and the amount of money committed. This
causes the program to have large amounts of money within the system but
not paid out. The problem this causes 1s that funds must be given to the
contracting agency hy a grant or an appropriation before they can enter
Into a legal contract with a farmer for a farm plan. Once the plan is
completed and a contract signed, it Is very unlikely that the Installa
tion of the BMP's could be completed within one year and In some cases it
will take two years to complete the work. Given unfavorable weather
conditions, the time may extend even longer.

For all of the above reasons it becomes important to have a second BHP
tracking system which looks at the BHP contracts that are signed but not
completed and looks at an estimate of the number of contracts that will
be signed In the next few months. This data allows a program manager to
account for the funds that are in the system and gives an indication of
funds needed 1n the near future. It also provides seme Insight Into the
progress that Is being made with the farm plans and where additional
technical assistance 1s needed or not needed.

As we gain experience with NPS Implementation programs and the funding of
BHP contracts with farmers, we may be able to "over contract" by a
certain percentage of the total funds for one year. This would be desir
able because we are seeing a very poor farm economy that has put some
farmers In the position of not having the cost share money needed to
complete the contract. Host of then are not able to borrow money to
install BHPs when they can't even borrow money to put out next year's
crop. This means that NPS implementation programs are loosing some good
contracts each year, even though we are using high cost share rates on
some of the major BHPs. As you can see, getting BHPs installed is not
easy and there are many reasons why a farmer does not contract with us,
but having a good tracking system and using 1t can help understand just
what 1s causing problems and It may give some Insight into how to deal
with each situation.

The tracking system that can be developed with information that is con
tained on the contacts and that 1s available in the local district office
can be a very powerful tool in the management of several aspects of an
Implementation program. It can he used to look at the distribution of
BHPs by subbasin within a watershed, and may show some areas where BHPs
are not being used. If they should be used in these areas, then a



manager can look for a reason for the problem. It might be a lack educa
tion In that area, the cost share rate may be too low (not likely), or It
the specific BHP may not work with the soil type or farming rotation used
or the technical assistance being provided may not understand how to
design the BMP for the area. All of these are questions that could not
have been asked early In a program without a good tracking system, and as
you can see the system only pointed out the potential for a problem and
allowed the manager to make the proper evaluation of the situation.

Summary

In summary, It 1s easy to understand the need for a system that allows
for the accounting of funds being used for NPS program grants. That Is
the normal accounting type of bookkeeping that every agency requires.
However, the need to keep track of the actual location of the BHPs that
are being bought and paid for 1s a little different from our past exper
ience in fundings of sewage treatment plants. The data that can be
collected regarding the contracts and the BHPs in the contracts is very
useful for a manager and may be used to evaluate the many aspects of the
total Implementation program. Not only can the location and effective
ness of the BHPs be tracked, other Items can be investigated such as the
reasons for BHPs being used too an excess or not used at all. It must be
understood that while a tracking system may not be able to answer all our
questions, it can and should cause us to ask questions that we would
otherwise not have reason to ask. A tracking system used In conjunction
with a good, detailed GIS should be able to provide the basic Input data
for evaluation models that are not now being used because of lack of a
good data base. The need for and the uses of a good tracking system make
the time and effort necessary to start and to keep one up to date, small
compared to what can be accomplished with such a system.
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Introduction

Communities of submerged aquatic vegetation (SAV) are an Integral part
of the Chesapeake Bay ecosystem. They provide an Important habitat
for many species which use SAV either as a food source or as
protection from predators, e.g., a nursery. They reduce currents and
baffle waves, allowing for deposition of suspended material. In
addition, they bind sediments with their roots and rhizomes to prevent
erosion of the underlying material, and are important In nutrient
cycling both through the absorption and release of nitrogen and
phosphorus (Thayer, et al., 1975; Kemp, et al., 1984; Orth, et al.,
1984; Ward, et a!., 1984).

Interest in SAV communities was generated in the 1970's because of
their dramatic baywide decline. In 1976, the U.S. Environmental
Protection Agency Chesapeake Bay Program Identified the decline and
disappearance of SAV as one of three major areas that required more
in-depth research in order to understand the state of the health of
the Chesapeake Bay. A key aspect of the SAV research prograns, begun
in 1976 and currently being funded by several Federal agencies and the
State of Maryland, entails an annual aerial monitoring of all SAV beds
In the Maryland Chesapeake Bay and its tributaries. A similar effort,
which is closely coordinated with the Maryland program, Is annually
carried out in the Virginia portion of the Bay.

The first aerial survey of Maryland SAV beds was conducted In 1978 and
resulted In a comprehensive report on the SAV distribution In Maryland
(Anderson and Macomber, 1980). In that year a similar survey was
conducted for the Virginia waters of the Chesapeake Bay (Orth. et al.,
1979). In addition, an annual Maryland Department of Natural
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Resources (DNR) boat survey of SAV in the Maryland waters, which began
In 1971, indicated a decline in Maryland SAV.

In 1984 an aerial survey of the Maryland and Virginia SAV communities
was again conducted. In addition, ground survey information available
for 1984 was included to provide as detailed a picture as possible of
the distribution of SAV that year (Orth, et al., 198S). Results of
this study indicated that SAV was still declining 1n 9 of the 13
sections of the Maryland Chesapeake Bay. The most positive note was
In the upper Potomac River where SAV has been increasing rapidly in
recent years.

An aerial photographic survey for SAV adjacent to the shoreline of the
Maryland and Virginia Chesapeake Bay and its tributaries was repeated
in 1985. This paper summarizes methodologies used for the aerial
surveys and documents the dramatic changes seen In SAV abundance in
Maryland in 1985. It also discusses possible reasons for the
resurgence in SAV seen in some portions of the Maryland Bay.

Methods

Aerial photographic Interpretation and mapping

Aerial photographic interpretation was the principal method used to
assess the distribution of SAV in the Maryland Chesapeake Bay and its
tributaries In the 1978, 1984 and 1985 studies. Predetermined flight
lines for photography of areas that either had SAV or could
potentially have SAV (that is, all areas where water depths were less
than 2 m at mean low water) were drawn on 1:250,000 scale U.S.
Geological Survey (USGS) maps to ensure both complete coverage of SAV
beds and inclusion of land features as control points for mapping
accuracy.

The general guidelines used for mission planning and execution address
tidal stage, plant growth, sun elevation, water transparency and
atmospheric transparency, turbidity, wind, sensor operation and
plotting and allowed for acquisition of photographs under near optimal
conditions. The guidelines are critical because significant
distortion of any one item could significantly decrease the ability to
detect the SAV or to interpret the photography properly as to the
presence or absence of SAV.

Color aerial photography at a scale of 1:12,000 was acquired for SAV
mapping in 1985. The camera used was a Zeiss Jena LKK 15/2323 with a
153 am (6.02 Inch) focal length Zeiss Jena Lamegon PI/C lens. The
film used was Kodak 24 cm (9 1/2 Inch) square positive Aerochrome MS
type 2448.

SAV beds were Identified on the photographs using knowledge of aquatic
grass signatures on the film, areas of grass coverage from previous
flights, and ground truth information. Mylar topographic quadrangles
at a scale of 1:12,000 were used as base maps. Delineation of SAV bed
boundaries onto the mylar maps was facilitated by superimposing the
appropriate ioylar quadrangle over the transparent photograph on a
light table, where minor scale differences were evident between the
photograph and quadrangle or where significant shoreline erosion or
accretion had occurred since production of the tup, a best fit was



obtained, or shoreline changes-were noted on the quadrangle. Areas of
SAV beds were digitized from the 1:12,000 scale draft SAV maps, on a
Calma Graphic Interactive Image Analysis System.

In addition to the boundaries of the SAV bed, an estimate of percent
cover within each bed was made visually in comparison with an enlarged
Crown Density Scale, similar to those developed for estimating forest
tree crown cover from aerial photography. Bed density was classified
into one of four categories based on a subjective comparison with the
density scale. These were: 1. very sparse, <10V, 2. sparse, 10 to
40%; 3. moderate, 40 to 70%; or 4. dense, 70-100%. Either the entire
bed, or subsections within the bed, were assigned a number (1 to 4)
corresponding to the above density categories. In addition to the
density scale, each distinct SAV unit was given a two letter
designation to insure proper identification for future comparisons.

Discussion of the distribution of SAV in Maryland has been organized
Into two zones and thirteen sections (Figure 1), a subset of the
twenty-one sections for the entire Bay as established by Orth and
Moore (1982). The Upper and Lower Zones correspond approximately to
the polyhaline and oesohaline segments of the Chesapeake Bay. The
thirteen sections denote relatively distinct parts of the Bay that are
readily identifiable from a map. Although the major rivers and
smaller tributaries of the Bay have their own salinity regimes, the
distributions of SAV In each river are discussed within the section
where it connects to the Bay proper. Section thirteen is modified In
that only data from the Maryland portion of the section is reported.

Ground truth and other data bases

Ground truth data was provided principally from two SAV surveys
conducted in 1984 and 1985, and from two SAV transplanting and
research projects. A shoreline survey was conducted by the USGS
(Rybicki, et al., 1986) in the Potomac River, and Included the area
from the Chain Bridge at Washington, D.C. to Quantlco, Virginia.
Earlier surveys of the Potomac River by the USGS included sections of
the river south of Quantico to the mouth of the Potomac River (Haramis
and Carter, 1983; Carter et al., 1985a,b; Rybicki, et al., 1985). The
survey was conducted in September and October, by boat, using rakes to
collect samples for presence or absence of SAV. Data from this survey
was reported as species and percent cover for each species on USGS
quadrangles of the study area.

The second survey 1s the annual large scale multi-station survey
conducted by the Maryland DNR. This survey, ongoing since 1971, is
conducted from June through August, and samples 600+ permanent
stations throughout the Maryland Bay from the Susquehanna Flats to
Smith Island. At each station species presence or absence, as well as
standing crop, are recorded.

One of the SAV transplanting and research projects is being conducted
on the Susquehanna Flats by Stan Kollar of Harford Community College.
Information provided includes species presence and percent cover,
primarily by visual estimates, location of transplant sites and
location of beds too sparse to be detected by aerial photography. A
second SAV research group at University of Maryland's Horn Point
Laboratory (UMdHPL), directed by Court Stevenson, also provided ground
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truth data. An annotated map of their study sites on the Choptank
River Indicated the status of SAV from 1982 to 1984. Annotated aerial
photographs for 1985 gave species information for their study sites in
that year.

In addition to the aforementioned surveys, citizen volunteers
participated in identifying SAV beds by checking areas in the Bay for
SAV. The Maryland Charter Boats Association participated in the
effort, funded by the Maryland DNR's Watermen's Assistance Program.
Boat captains were provided with reduced SAV quadrangle maps and data
sheets for each SAV bed identified on the maps. SAV samples were
Identified to species on site or sent to the DNR for identification.
Citizens also volunteered to assist in the SAV ground survey under
guidance of the Chesapeake Bay Foundation (CBF), Citizens Program for
the Chesapeake Bay (CPCB), and U.S. Fish and Wildlife Service (F&WS).
This program entailed identifying and recording the location of SAV in
the Bay, using an identification guide of SAV and maps of their area
of interest. Each volunteer was asked to identify the location where

Figure 1. Location of 13 sections used for delineation of SAV
distribution patterns In Maryland Chesapeake Bay.



SAV was sighted as well as water conditions, howmany and which
species, approximate grassbed size, percentage of area covered with
SAV and location description.

All ground survey Information was Included on the 1:12,000 SAV maps to
show positions of the survey stations in relation to the beds of SAV
mapped from the aerial photographs. Each different survey was
designated by a unique symbol on the maps. Where species Information
was available, it was included on the map. These maps, which could
not be Included in this report can be found In the 1985 SAV final
report (Orth, et al., 1986).

Results

A total of 9,270 hectares (Table 1) of SAV was mapped in the Maryland
Chesapeake Bay 1n 1985, a 65% Increase in SAV over that reported in
1984. The Upper Zone had 3,025 hectares of SAV in 1985, representing
a decrease of 4.5% from that reported in 1984 (3,168 hectares). The
Lower Zone showed an Increase of 155%, from 2,451 hectares In 1984 to
6,244 hectares of SAV in 1985. All sections in this zone except the
Smith Island Complex showed an increase in SAV for 1985. Following 1s
a discussion of SAV trends in each of the 13 sections of the Maryland
Bay (refer to Figure 1 and Taole 1).

Upper Zone

The distribution of SAV in the Susquehanna Flats (section 1) decreased
by 6.5% in 1985, from 2,150 hectares In 1984 to 2,011 hectares in 1985
(Table 1). Mapping of SAV in this section was accomplished both by
the use of aerial photography and information provided by Stan Kollar
where the SAV was too sparse to be detected from the aerial photos.
Seven species of SAV were found in 1985 with Myrlophy11urn spicatum the
most abundant. Other species of importance were Heteranthera diioTa,
Vallisnerla amerlcana. and Hydrllla verticillata. Hydrllla appears to
be increasing in abundance along the Susquehanna River, and In the
Havre de Grace area.

The Upper Eastern Shore (section 2) showed a 142% Increase in SAV from
1984 to 1985. A total of 104 hectares was mapped in 1985 as compared
to 43 in 1984 (Table 1). Most of the increase in SAV in 1985 occurred
along the Elk, Bohemia and Sassafras Rivers. Of the 7 quadrangles
mapped in this section, only Galena showed a decrease in SAV.

The 1985 aerial survey indicated there were 238 hectares of SAV in the
Upper Western Shore (section 3), a decrease of 2.4% from that
estimated In 1984 (Table 1). Aerial coverage of this section was
complete In 1985, thus the estimated 1984 coverage may have been
fairly accurate, since little increase or decrease was generally seen
on the Western Shore In 1985. Aerial photos indicated that SAV was
present in all river systems (Gunpowder, Bush, Back, Middle and
Hagothy) in the section. Generally, most of the SAV was present along
the lower section of the river.

In 1985, 671 hectares of SAV were mapped in the Chester River (section
4), a decrease of 8.2% from the 731 hectares mapped in 1984 (Table 1).
Again, most of the SAV mapped (87%) occurred on the Langford Creek
quadrangle. In all, 8 of the 9 quadrangles in the section had SAV
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Table 1. Numbers of hectares of bottom covered with submerged aquatic
vegetation in 1978, 1984 and 1985 for different sections
within the Maryland Chesapeake Bay (Data for 1978 from Orth
et al., 1979, and Anderson and Macomber, 1980; data for
1984 from Orth et al., 1985).

Section 1978 1984 1985

1. Susquehanna Flats 804* 2,150 2,011
2. Upper Eastern Shore 29 43 105 Upper
3. Upper Western Shore 484 244 238 Zone
4. Chester River 1,475 731 671

5. Central Western Shore 241 0 26
6. Eastern Bay 1,800 66 356
7. Choptank River 1,740 82 1,528
8. Patuxent River 34 9 44
9. Middle Western Shore 11 0 23 Lower
10. Lower Potomac River 410 194 381 Zone
11. Upper Potomac River 0** 600 1,440
12. Middle Eastern Shore 210 33 1,188
13. Smith Island Complex 945 1,467 1,259

Total 8,183 5,619 9,270

*1978 data from Susquehanna Flats remapped and digitized to allow for
greater compatibility to 1984 data.

**No aerial photography was taken of this area in 1978; the absence of
SAV Is based on ground survey observations by the USGS.

present in 1985. Five species of SAV were reported by citizen and
Maryland DNR field surveys. These species were Ruppia maritima,
Zannlchelia palustris. Potamogeton perfoliatus, Potamogeton pectlnatus
and Hyrlopnyllua sjflcatum. Potaaogeton perfoliatus and Ruppia
maritima were reported most often.

Lower Zone

A total of 26.3 hectares of SAV was mapped In the Central Western
Shore (section 5) in 1985, when none was seen 1n 1984 (Table 1).
Seventy-two percent of the SAV reported was located in Herring Bay on
the North Beach quadrangle. No SAV was mapped in any of the river
systems In this section except for a small bed near the mouth of the
West River.

In 1985 a total of 356 hectares of SAV was noted in the Eastern Bay
(section 6), an increase of 441% over the 66 hectares reported in 1984
(Table 1). Ruppia maritima was the most abundant species reported In
field surveys by citizens and Maryland DNR personnel. Potaaogeton
pectlnatus and Potamogeton perfoliatus were al so reported, but other
species reported in 19/a. such as rAynophyllum spjcatum, El odea



canadensis and Zannlchelia palustris were not seen.
In 19ob. a total of l.Wo hectares of SAV was noted In the Choptank
River (section 7), as compared to only 82 hectares seen In 1984 (Table
1). This represents a 1,760% Increase over the previous year. Ten of
the 13 quadrangles 1n the section had SAV in 1985, compared to only 6
1n 1984, and 6 had over 100 hectares of SAV. A total of 6 species
were reported to occur In this section. Ruppia maritima was by far
the most abundant species reported In field surveys. OTher species
found were Potamogeton perfoliatus, Potomageton pectlnatus,
Zannlchelia palustrTsT Najas guaaaiupensis ana valllsneria americana.

Qualitative Information provided by UMdHPL found SAV at 5 of their 6
monitored areas, as compared to only 2 in 1984. Horn Point was the
only station not vegetated, while dramatic increases were noted at the
other stations. Species present were Zannlchelia palustris in May and
early June followed by Ruppia maritima in late June and July.

In 1985, 44 hectares of SAV were noted in the Patuxent River (section
8), as compared to only 9 in 1984 (Table 1). SAV was noted on 4 of
the 5 quadrangles in this section.

A total of 23 hectares of SAV was noted in the Middle Western Shore
(section 9) In 1985 (Table 1). Ninety-nine percent of the SAV
occurred in areas where aerial photography was not available In 1984.
Four of the eight quadrangles In this section had vegetation, with 71%
of It occurring on the Point No Point quadrangle. Most of the mapped
SAV in this section occurred in small marsh ponds that drain into the
Bay.

In 1985 there were 381 hectares of SAV in the Lower Potomac River
(section 10), as compared to 194 mapped 1n 1984 (Table 1). This
represents a 69% Increase, of which 9% 1s accounted for by quadrangles
that were not mapped in 1984 because of a lack of photo coverage.
Only 9 of the 20 quadrangles in the section had SAV, and 2 that had
SAV last year, Colonial Beach South and Stratford Hall, had none this
year. Seventy-four percent of the SAV mapped in 1985 occurred on the
Mathias Point quadrangle.

Once again in 1985 the Upper Potomac River (section 11) exhibited a
significant increase 1n abundance of SAV (Table 1). In 1985, 1,440
hectares of SAV were noted on the aerial photography as compared to
600 In 1984. This represents a 140 percent increase. The vegetation
Is still largely confined to the upper reaches of the section between
Alexandria, Virginia and Marshall Hall, Maryland. Ninety-five percent
of the mapped SAV occurred on the Alexandria and Mount Vernon
quadrangles, which cover the upper reaches previously described. Ten
species were found in this reach during the USGS monitoring program,
In which 60 transects were sampled In spring and fall and a shoreline
survey was made in fall.

In 1985, USGS estimated that areal coverage of SAV in their study area
was approximately 1,457 hectares, based on shoreline survey
information and aerial photographs. The aerial mapping effort at the
Environmental Photographic Interpretation Center (EPIC) for the same
area calculated 1,372 hectares of SAV which, without the benefit of a
ground truth survey, is only 5.6% different than the USGS estimate.
Since 1984, the vegetation has spread almost two kilometers further
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downriver. In almost all water less than 2 meters deep, at least 4
SAV species are present. The most abundant and most widely occurring
species are Hydrllla verticil lata. Myriophyllum spicatum, Heteranthera
dubia, Ceratophyllua demersum. yajlisnerta americana and Nalas
guadalupensls. HydTilla vertlclllata. r%r1ophylTum~sp1catum and
Ceratopnyllum demersum occurred 1n 79%, bb% and 47% of the transect
samples, respectively, in the fall of 1985. Hydrllla vertlclllata
dominates Hunting Creek, Swan Creek and the Dyke Marsh area. Results
of the USGS shoreline survey show that Hydrllla was more abundant than
all other species 1n 25% of the vegetated areas, accounting for 62% of
the total fall dry weight.

In 1985, there were 1,188 hectares of SAV in the Middle Eastern Shore
(section 12), as compared to only 33 hectares in 1984 (Table 1). This
represents a 3,504% Increase, the largest increase seen in any section
of the Bay. Twelve of the fifteen quadrangles in the section had
vegetation in 1985, while only 5 had vegetation 1n 1984. One of the
most significant Increases was the 265 hectares, mostly occurring in
one large bed. In the Barren Island Gap region, where no SAV was seen
1n 1984.

The Smith Island Complex (section 13) contained 1,259 hectares of SAV
1n 1985, the third largest amount of SAV In the Maryland waters, which
is slightly less than the amount reported for 1984 (Table 1).

SAV beds are concentrated in distinct areas in the section: the east
side of Great Fox Island and in the shallows around Smith Island.
Dominant species In this section are Zostera marina and Ruppia
maritima. _____ — —

Discussion

The distribution and abundance of submerged aquatic vegetation (SAV)
was mapped for the Maryland Chesapeake Bay in 1985 using color aerial
photography at a scale of 1:12,000. The Maryland Chesapeake Bay had
9,561 hectares of SAV In 1985 compared to 5,769 hectares in 1984, a
66% increase.

The upper Maryland Bay (sections 1-4) had 3,025 hectares of SAV in
1985 (15.6% of the total SAV in the bay). This represents a decrease
of 4.5% from that reported in 1984. Three of the four sections 1n
this zone showed a slight decrease In SAV abundance, while a 142%
Increase was seen in the sparsely vegetated (104 ha) Upper Eastern
Shore section, principally along the Elk and Sassafras Rivers. It Is
not known why there was an overall decrease (although it was small) in
this zone. The 4.5% change that was detected may only represent
natural fluctuations in the SAV communities and may not be
significant. It is interesting to note that the only section in this
zone to show an increase is located on the Eastern Shore, an area
which overall showed a tremendous Increase in 1984, while the other
three sections, located on the Western Shore, showed slight
decreases.

The lower Maryland Bay (sections 5-13) had 6,536 hectares of SAV in
1985, which represents a 151% increase from that reported in 1984.
All sections 1n the zone except the Smith Island Complex showed an
Increase in SAV, with almost one half (3,072 ha) of the SAV and the



greatest percent increases occurring In the Eastern Bay (441%),
Choptank River (1,760%), and Middle Eastern Shore (3,504%) sections,
all of which are located on the Eastern Shore of the ma1nsten of the
Bay.

Reasons for the tremendous resurgence seen on the Eastern Shore are
not as yet understood. It is postulated by some scientists that
because of the abnormally dry weather in the spring and early summer
of 1985, and resultant reduction in runoff, there were less sediments
and nutrients in the water that could have a negative effect on the
growth of SAV, either by reducing light levels or causing increased
algae blooms and epiphytic growth on the SAV. In the Choptank River,
Court Stevenson (1986) notes that the reduced runoff Increased
salinities above normal levels, thus giving Ruppia maritima an
opportunity to invade a wide range of habitat. Stevenson also notes
that nitrogen and phosphorus levels noted 1n the lower Choptank could
be target levels for dry years, but more research is needed. In
addition, low seston and light attenuation values appeared to
correlate positively with increased SAV growth.

Both Potomac River sections Increased in SAV in 1985, with the largest
Increase (140%) occurring in the Upper Potomac River section. The
return of SAV in the Upper Potomac River continues to be of
significance with regard to its rapid spread in a short time frame.
In less than five years, SAV has Increased from almost nothing to
1,440 hectares. Reasons for this dramatic turnaround in the Upper
Potomac are not clear, but may be tied to the nutrient removal being
performed by the Blue Plains Sewage Treatment Plant. It appears that
in recent years algae blooms have been less severe, and secchi depths
have improved.

The strong resurgence of SAV seen on the Eastern Shore of the Maryland
Chesapeake Bay has probably occurred, 1n part, because that area has
numerous bays, coves and Inlets, thus giving it a much larger habitat
suitable for SAV than occurs on the Western Shore, which has large
expanses of very exposed shoal and shoreline areas. In addition,
human development and pollution are much greater on the Western Shore.
Thus, rivers along that shore are probably more heavily polluted by
sewage treatment plant inputs, which are not affected by dry years and
in fact would increase the pollution problem due to the decreased
dilution factor afforded by Increased rainfall. On the other hand,
the Eastern Shore, which is heavily agricultural, has a much lower
population density. Therefore, decreased runoff has a positive effect
on pollution levels by reducing non-point source inputs from
agricultural runoff.

Analysis of historical SAV trends in the Bay have Indicated that
disappearance first occurred at the heads of streams and rivers and
from the north end of the Bay southward. The pattern of reoccurrence
(If it Indeed 1s a pattern) seen in 1985 in the main Bay would be
following the expected pattern, as the strongest resurgence was seen
in the Lower Eastern Shore of Maryland, in the area of mesohaline
salinity. In addition, repopulation was greater near the mouths of
several rivers and creeks (i.e., the Choptank River, Gunpowder River,
Middle River, Seneca Creek and Saltpeter Creek). The only
contradiction to this pattern is noted in the Potomac River, where a
strong resurgence of SAV has occurred 1n the freshwater section just
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below Washington O.C., while the estuarine sections of the river are
only sparsely populated. Reasons for this are unclear, but as
previously stated, recovery in the Upper Potomac may be related to
reduced nutrient Inputs, while lack of resurgence In the Lower Potomac
is at present still a mystery.

It Is still too soon to tell if the resurgence of SAV seen in 1985 is
a sign of Improving water quality or just a fluctuation brought on by
a climatic event. Continued monitoring and analysis 1s needed.
Hopefully a USFaWS proposal to study SAV trends will shed more light
on the problem. In addition, a 1986 SAV monitoring program is in
place, imagery and ground truth data have been acquired, and
preliminary reports indicate that SAV abundance in most areas is
similar to that seen in 1985.
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As tho environmental Impacts of extracting our agricultural
bounty has become more apparent, farcers' use of natural
resources have become subject to more careful review and
regulation. Farmers' rights are in a state of transition.
"Rights to uso land are being conditioned on effects that uses
have on others, principally users of water and aquatic
environments (Braden, 1982)."

Consideration of alternative programs or policies to control
nonpoint pollution would alter the current allocation of property
rights, as well as the rules under which those rights aro
protected and oxchanged. This paper will discuss assignment of
property rights, major program alternatives, and tax expenditures
In tho combat of nonpoint pollution.

Control a£ Nonpoint Source Pollution

Control of nonpoint source' pollution, under Section 20S of the
Federal Water Pollution Control Act Amendments of 1972 (U.S.
Congress, 1972), was to be undertaken by area-wide planning.
Undor this process, on area-wide plan is devoloped by a planning
agency at the state level and submitted to the Environmental
Protectoin Agency (EPA) for approval. A regional operating
agency Is then designated to carry out the plan. These regional

'Nonpoint source pollution is: (1) Generated by diffused land
uso activities, not identifiable activities. (2) Conveyed to
waterways through natural processes such as storo runoff or
ground water saepage, rathor than deliberate, controlled
discharge, and (3) Not susceptible to "end of pipe" treatment,
but controllable by changes in land aanagenent or process
practices. (41 Federal Reg. 24709-24710 (1976)).
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operating agenclos may bo eithor existing or newly created local,
regional or state agenclos or political subdivisions (March,
Kranor, and Geyor, 1981).

Tho area-wldo plan oust specify a process to identify
agriculturally related nonpoint sources of pollution and methods
to control those sourcos. Given tho general inapplicability of
poroits and other forss of offluent limitations to nonpoint
source pollution, an alternative control technique is required.
The control technique authorised by tho Clean Water Act (CWA) and
the EPA is the implementation, by farmers, of "best management
practices" (BHPs). BHPs have been defined by EPA as those
aothods, oeasuros or practices to prevent or reduco water
pollution which include but aro not limited to structural and
non-structural controls, and operation and maintenance procedures
(March, Kramer, and Geyor, 1981).

Most agricultural BHP programs aro of a voluntary nature. Tho
programs provide for education and information about agricultural
nonpoint source pollution, its damages, and its controls. The
programs also include a cost sharing stratogy to assist farnors
in Installing often costly pollution control practices. Cost
sharing of BHPs has also boon instituted because of the off-faro
nature of tho benefits of BHP adoption. However, questions have
been raised as to the offoctivenoss of tho voluntary cost sharing
program for pollution control. Despite the availability of cost
sharing, thoro Is llttlo lncontlvo for farmers to voluntarily
adopt BHPs when thoy will not rocognize, directly, tho benefits
of thoir Investments. Also, cost sharing funds are limited,
further reducing tho likelihood of widespread BHP adoption.

A. Diasusgign. ai Pronnrtv Rights

Whether nonpoint source pollution control prograas continue to
solicit voluntary cooperation, albeit in a modified approach, or
whether some regulatory approach is adopted, it appears that
changes in tho curront nonpoint source pollution control programs
aro forthcoming. Such a transition is seldom a smooth process.
In tho case of nonpoint sourco pollution, tho transition is
further frustrated by the corresponding problems of
Identification, definition and enforcement of changing property
rights allocations.

A right ("entitlement") confers favor among Individuals or groups
asking cotnpotlng claims to an objoct or privilege (Calabresl and
Halamed, 1972). In defining rights, two matters must be decided:
a) initial ownership (allocation) of rights, and b) rules under
which they may bo exchanged. Tho allocation decision must
reflect accoptod tonots of social relations, Including
distributional equity and Judicial consistency (Calabrosi and
Helamod). An entitlement should bo made to the party best able
to ovaluate its social worth or, secondarily, to the party who
can act most cheaply to correct errors in its Initial allocation
(l.o. ovaluate and initiate exchange) (Braden, 1982).



Bromley (1978) considered (1) proporty rules, (2) liability
rules, and (3) inalienability rules as tho rule3 by which rights
are protected. His framework is as follows. Given two parties,
A and B, if: 1) A owns tha »ntttl«m«nt-- When A is protected by
a property rule, A may interforo with B and can only bo stopped
if B buys off A. When A is protoctod by a liability rule, B may
stop A from interfering but must coaponsato A. 2) B ssms. the
nntltlemant— When B is protectod by a property rulo, A may not
interfere with B without B's consent. When B is protected by a
liability rule, A may Interfere with B but must compensate B.
Whan B is protected by inalienability, A may not interfere with B
under any circumstances and tho stopping does not imply
compensation. Bromley (1978) also notes that transactions costs
will be higher when entitlomonts aro protected undor proporty
rules rather than liability rulos bocauso tho property rule
requires a prior agreement among tho partios. He suggests that,
as a result, Interference will likely bo greater undor tho
latter.

Property mflhts and Nonpoint gojllfia Pollution Control

The allocation of property rights to wator and its use is not
explicitly defined. Thoro is precedent to suggest that these
rights are owned in most casos by tbo farmers. Indeed, under tho
current program of voluntary BHP implementation, it can bo argued
that farmers have been ondowed with tho rights to the "use" of
water. With tho current program, those rights are protected
under a property rule, and may bo "purchased" by the public if
farmers choose to exchange thoir rights to create nonpoint source
pollution for cost sharing assistance in controlling the
pollution.

Altni-nflttvn Programs

Along with the questions regarding the effectivonoss of the
current nonpoint control program have como suggestions for
alternative programs.

Major Program Alternatives includo:

(1) Cross compliance • government farm program;

(2) Regulatory schemes - BHPs • required by law;

(3) Soil loss tax;

(ft) Tax credit, tax deduction, tax oxpendituro;

(5) Enforcement of common law;

(6) Purchase of rights.
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1. ClOSS. cmrmlliinr!.

An alternative to tho currant voluntary BHP program is a cross-
compliance strategy. Cross-ccapliance would requlro farmers to
comply with a specific BHP program in order to receive government
sponsored agricultural program benefits. Specific programs which
could be reduced or eliminated for non-complying farmers include
federal price support, crop insurance, access to extension
sorvices, and loan subsidy programs. In addition to financial
penalties, cross-compliance could also be deslgnod to increase
program benefits for participating farmers. Tho effect would be
threefold: the commitment to government spending with regard to
Income-support and subsidy prograas need not increase, the
imposition of costs (ponaltios) on non-participants, and indirect
cost-assistance to complying farmers in tho form of higher prico
supports. Fines and/or reductions in program baneflts would
occur in event of farcer violation of the specified BHP program.

Under cross-coopllanco, tho farmer still remains ontltled and
protected under the proporty rule. Although tho benefits and
costs associated with 'owning" a particular entitlemont have
shifted, there is no fundamental change In rights. Farmers may
still continue to use (pollute) the water if the compensation
society is willing to pay Is not sufficient.

Any change from tha current voluntary program will involve an
increase in costs, but ioplcoentation and administrative costs In
regard to cross-complianco need not be excessive. The existing
administrative framework could be upgraded to incorporate tho
program (Benbrook, 1979). Farmers will also face increased costs
with either adoption of a BHP program or a reduction in benefits.
BHP costs could bo offset if additional benefits are provided for
thosewho comply.

An important policy consideration is at what magnitude to adjust
federal income support programs. If insufficient penalty or
reward is associated with compliance, farmers with highly orosive
land will continue to pollute the water. Whother cross-
complianco will roach tha heavy users (polluters) of water
remains inconclusive (Ervln, Hoffernan, Greon, 198ft). Also,
since no direct cost sharing assistance is provldod, farmers of
undulating land will be at a significant cost disadvantage. The
negative effects on tho owners of highly erodable land raises
another question: which farmer owns this land? For example,
research in Indiana suggests small faros are more likely to be
located on undulating land (Miller, Gill, 1976). Cross-
compliance is likely to benefit large, high equity operators
rolative to small young farmers (Ervln, Hoffornon, Groan, 1984).
The impact of cross-compliance walks a fine lino; tho more
drastic the reduction for non-compliance tho more sorlous the
Inequalities, but if reductions are only marginal pollution will
continue.



2. Rnyulntorv nrogram-i

A number of regulatory proposals have boon put forward in
attempts to contain nonpoint source pollution. A regulatory
approach would require farcers by law to comply with erosion
control plans or to meet a specified soil loss limit. Tho
farmer, in roturn will receive cost sharing and technical
assistance in attempts to roduce pollution. Twelve states have
moved toward increasing rogulations In response to nonpoint
pollution problems (Braden, 1982). Regulations with a guarantee
of financial assistance would still leave farmers entitled, but
protection is downgraded to a liability rule.

Administrative and implementation costs would increase directly
with the level of monitoring. States with regulatory statutes in
place, however, normally respond only to complaints and/or
obvious pollution problems (Braden, 1982). Transaction costs
could partially set off other costs with a move from tho property
rule to the liability rule (Bromloy, 1978). Tho public would
also have to boar tho additional government expenditures on cost
assistance, but the price of cost sharing would likely decrease
in the long run onco many of tho pormanont erosion structures
(terracing, landscaping, drainage systems, and similar systems)
are in place.

Farmer income would decreaso invorsely with the level of cost
sharing assistance. Regulatory action could result in
significant costs with regard to smaller farms and would likoly
increaso with the Imposition of more restrictive rogulations
(Miller, Gill, 1976). Cost sharing could smooth tho
discrepancies. Cost sharing could be calibrated to reflect some
ratio of the cost of adopting anti-pollution measures to net farm
income or cost per aero.

Regulations aro attractive for another reason, flexibility. Tho
fedoral government could set some general guidelines with states
adopting specific lines of action to match thoir needs.
Regulations and tho level of cost sharing could be offered to
attain workable solutions. Although cost to the public and
farmors will riso, a significant reduction in pollution could bo
achieved.

3. Soil loss tax

One of the most economically efflciont alternatives Is the
imposition of a soil loss tax. Such a tax represents the cost of
pollution imposed on society from faro sources. Entitlement
would bo reallocated to tho public under the liability rule.
Farmers would be allowed accoss to tha public entitlement (water)
provided they compensate society for tho interference. Such a
drastic shift In rights would bo met with strong farmer
resistance.
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Although the soil loss tax bast equates tho cost with the crime,
there oxlst somo structural limitations. Monitoring soil loss
would require vast amounts of both timo and money and could only
bo accomplished indirectly through measurements like the
universal soil loss equation. Bonbrook states that "reliance on
the USLE for this problem, however, is problematic" (Bonbrook,
1979). Braden adds, "a reallocation of rights away from
landowners would entail prohibitively high costs of enforcement
on every parcol of affected land" (Braden, 1982). The financial
burden of the tax would also result in a substantial reduction in
farm income. Still another technical question is at what level
should tho tax be sot to assure accurato compensation of social
cost.

ft. Tax credit, tax deduction, tax expnndttiiro

Altering tax expenditures in conjunction with other proposals or
as a separate action could reduce the lovol of nonpoint
pollution. Redefining the tax code would not chango the
allocation or exchange of rights but would shift the costs and
bonefits of owning an entitlement. Positive steps could bo
advanced in controlling pollution without an increase in
government cost or involvement by removing tax subsidies for
chronic pollutants.

Tax expenditures could be reduced In several areas crucial to
polluting farnors. Elimination of tax expenditures in areas of
investment tax credit, ordinary and necessary business exponses,
and depreciation of capital investment undertaken in conjunction
with tho uso of offending land activities could provide
significant financial incontivo for the adoption of pollution
control measures. In addition, capitalization of offending
expenditures such as land clearing expenses could also bo
disallowod. This would remove any positive tax expenditures for
offending activities.

The advontago inshifting tax expenditures to encourage better
land uso is no additional administrative and implementation
costs. The program could be carried out undor tho IRS and
oxistlng BMP programs, or easily incorporated in othor proposed
programs. Tho wide variety of tax provisions allows policy
makers a range of workable alternatives. Tho cost to the farmer
will likely Increase. If tax penalties are too severe,
inequities could emerge for small farmers on undulating land.
Marginal changes In tho tax code, on tho othor hand, will not
ensuro erosion control.

5. EnforriBtnant; oj£ £he. ssnmon. Isa

In addition to statutory law, common law theories such as
nuisance and trespass may be called upon to addross nonpoint
source pollution. Under common law, a public nuisance is an
unreasonable Interference with a right of the general public. A



private nuisance is an interference with anothor Individual's use
of or enjoyment of property. Tho notion of pollution as a public
nuisance may, in some cases, ariso directly from a constitutional
provision (Rogers, 1977). Undor the private nuisance theory,
farmers have been sued for allowing cattle and hogs access to
streams and for allowing livestock wastos to roach the streams or
wash onto plaintiff's proporty. Similar casos have involved
chemicals and sedimentation.

The theory of trospass is another common law approach to
pollution control. Trespass Involves an Intentional physical
invasion of someone's exclusive uso of his land (Prossor, 1971).
Water transportation of dirt and animal carcasses havo been hold
pollution trespass (Davidson, 1981).

Although the common law theories are operative, thoir enforcement
in cases of nonpoint source water pollution is complicated by the
requirements of proof and damages. Determining the exact source
of posticido or fertilizer contamination Is most likely
impossible. Similarly, an accounting of tho damages from tho
nuisance or trospass of some parts per million of a chemical Is,
at bost, a rough estimate. Therefore, the enforcement of common
law may be less desirablo and less effective than legislative
intervention.

6. Piirchasa fif lights

A tax credit as provided by tho Commonwealth of Virginia is an
example of a law designed to allow tha "purchase" of proporty
rights by tho public. The law provides that a credit be allowed
against stato taxes of 25 percent of all expenditures for the
purchase and installation of conservation tillage equipment up to
a total of $2,500 (Va. Code Sec. 58.1-334 and 58.1-432).
Replacing these current programs with ono of the alternatives
discussod above would result in a change in the definition and/or
allocation of property rights. In many cases, current holders of
the rights are likely to oppose a change. Purchase of
conservation oasemonts or the condemnation of easements to grow
certain types of crops would bo examples of the purchase of
proporty rights.

Property Rights and £afl Tmplwrmntatlon o£ Alternative Program

The cross-compliance strategy would not entail a fundamental
chango in the allocation or protection of rights. Such a program
would redefino farmors' rights to use land and water rosourcos
and would likely reduce their value. Rodefining what farmers
have a right to do and receive changes the benefits associated
with owning a certain entitlement. Making participation in
federal incoso-support programs dependent upon pollution control
activities would impose on farmers substantial costs, aithor in
BMP adoption or loss of program bonefits. Cross compliance was
adoptod by both House and Sonata as a part of the 1985 Farm Bill
(P.L. 99-198).
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A soil loss tax would shift tho entitlement from farmers to tho

public. Under such a tax, farmers would be allowed to Interfere
with the public right but would be required to compensate (pay
tax to) tho public. Tho public's entitlement would bo protected
undor a liability rule. A reallocation of the entitlement away
from faraors would likely be strongly opposed by the farnors,
especially because of their sudden loss of a valuable right
(right to lose soil) without any compensation for that loss. In
fact, thoy would have to pay for the loss of soil.

Alternatively pollution entitlement could be loft In the hands of
farmers but the rule would bo changed to require compliance by
farnors with pollution control rogulations In return for
guaranteed cost sharing assistance. This is tho type of change
which has been oade in the soil conservation program in Iowa
(Iowa Code Sec. 467 A). In this case, the farmer remains
entitled but is protected by a liability rule. Such a change
would be expocted to reduce pollution significantly as compared
to the current program. A mandatory pollution control policy
would not go unchallenged by farmers. Given adequate cost
sharing assistance, farmers could bo forced to comply. Iowa's
soil conservation statute was challenged. Tho court concluded:

...the tost is whether tho collective benefits (to the
public) outweigh the specific restraints imposed (on tho
individual)... It is important thorefore to consider tho
nature of the public interest involved and tho impact of the
restrictions placed on defendants use of thoir land...It
should take no extended discussion to demonstrate that

agriculture is important to tho welfare and prosperity of
this stato. It has been Judicially recognized as our
leading industry... Tho stato has a vital interest in
protecting its soil as the greatest of its natural
resources, and It has aright to do so. ..Whilo this
(legislation) imposes an extra financial burdon on
defendants, it is one tho stato has a right to exact. The
Importance of soil conservation is best illustrated by tha
state'8 willingness to pay throe-fourths of the cost. ..The
remainder to be paid by defendants...is still substantial,
but not unreasonably so. A law doos not become
unconstitutional bocauso it works a hardship...(Woodbury,
1979).

It appears, thon, that whore a significant need for pollution
control is comblnod with a willingness to compensate the farmer,
a mandatory program could be legally enforced.

A mandatory program which required pollution control but did not
provide cost sharing assistance (or provided limitod cost sharing
on a first coao-first served basis, as with the current program)
would reallocate the pollution entitlement from farnors to tho
public. Tho publics entitlement would bo protected by a



property rule. If Congress passed such a law, it could bo upheld
in a court of law, despite strong opposition from farmers. In
ono case, the Virginia State Water Control Board filed suit to
prevent Virginia municipalities which did not receive financial
assistance from the government from having to comply with
effluent limitations for publicly owned sewage treatment plants
by the specified date (State, 1977) The court upheld a bill which
empowered EPA to extend tho 1977 deadline for up to two yoars in
cases where compliance is physically or legally impossible. It
did not limit the applicability to thoso facilities receiving
financial assistance. Horoovor, oven the provision authorizing
caso-by-case extension of the deadline was later deleted without
comment by the Conference Committee, * This cloarly provides
strong support for the conclusion that Congress meant for the
deadlines to be rigid and that It did not Intend that sewage
treatment plants not receiving timoly federal grants should be
exempt from that doadline (Stato, 1977).

A shift in pollution rights away from farmers could be upheld by
the courts without requiring compensation of the farmers. Such a
reallocation of rights without compensation could be considered
by farmers to bo a taking. Howover, it is not clear that farmers
could avoid compliance with pollution control standards based on
"his issue. In upholding the natural uso of land as its highest
and boat uso, a Wisconsin court concluded that restrictions on
the use of land to maintain Its natural uso did not constitute a

taking of property rights. The Court stated that the real issue
is whether the wetlands-filling restrictions are unconstitutional
because they amount to a constructive taking of land without
compensation (Just, 1972).

Tho exorciso of the police power might require tho maintenance of
a body of wator in its natural stato. It may well be considered
a duty of adjacent landowners. Tho protection of public rights
may be accomplished by the oxerclso of tho police power unless
tho damage to the property owner is too groat and amounts to a
confiscation. An owner of land has no absolute and unlimited
right to uso it for a purpose for which it was unsuited in its
natural state and which injures the rights of others. This is
not a case where an owner is prevented from using his land for
natural and indigenous usos. The uses consistent with the nature
of the land are allowed and othor uses recognized and still
othars permitted by special permit (Just, 1972).

If highest and bast use is defined for water as use in an
unpolluted state, then this case raises questions as to farmers'
rights to allow nonpoint source pollution to emanate from their
land.

Sfjaa Addlttonal Considerations

Farmers' dissatisfaction with the allocation changes associated
with adopting a mandatory nonpoint sourco pollution control
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program would not bo the only difficulty accompanying such a
change. Enforcing water quality regulations is especially
difficult for nonpoint pollution because extonsive monitoring is
required and complicated linkages between water quality and land
use practices must be established. Each parcel of land has a
unique potontial for contributing to pollution. Enforcing a
reallocation of rights away from farmers would bs very expensive.

Transaction costs associated with alternative programs should
also be considered. Leaving tbe entitlement in tho hands of the
farmers but changing from a property rule to a liability rule for
protection could bo expected to reduce transaction costs, as
suggosted by Bromley. Such a reduction might offset somewhat the
costs associated with compensation of tho farmers undor tho
required cost sharing. If the rights are reallocated so that the
public is entitled, the soil loss tax stratogy would likely bo
preforablo to tho regulatory program in terms of lower
transaction costs. This assumes legally acceptable measures of
control. However, the allocation, as well as distribution, of
the costs would bo an additional issue with which the government
would have to deal.

Summary

A right ("entitlement") confers favor among individuals or groups
making ccapotlng claims to an objoct or privilego. In defining
rights, two matters must bo decldod: (1) initial ownership
(allocation) of rights, and (b) rules under which they may be
exchanged. Collective enforcement of both the initial allocation
and the conditions for exchango is required of a legal system to
have meaning. Tho rules for exchange of rights includo: (1)
proporty rules, (2) liability rules, and (3) Inalienability.
Curront and proposed programs to reduce and eliminate nonpoint
source pollution impact tho allocation and uso of rights.

As the environmental impacts of extracting our agricultural
bounty havo become more apparent, farmers' use of natural
resources havo become subject to ooro csroful review and
regulation. Farnors' rights and the rights of others aro In a
state of transition. Proposals for nonpoint pollution control
would condition farmors' rights to use land on effocts that uses
have on others, principally usors of water and aquatic
environments. Hany of theso proposals would change the proporty
rule of allocating rights to a liability rule. Proposed programs
which fall into one category or tho other have been outlined.
Altornatlvo methods of reducing tax exponditurea for offending
pollutants could increase tho cost of pollution to farmers.

Any change from tho current program will bo costly. Thoro aro
two kinds of costs associated with nonpoint source water
pollution - the costs of doing something and tho costs of doing
nothing. Changes in proporty rights will involve administrative,
enforcement and compensation costs. As public concern over



nonpoint source water pollution continues to mount, changes
become more likely. However, such change oust be effective,
enforceable and ethical. As Braden (1982) has asserted, an
acceptable progroo will be ono which provides a mechanism by
which the public intorest can bo sorved while providing fair
compensation to owners whose rights are exchanged by fiat,
retains tho flexibility of individual ownership, and is
consistent with the national ethic of maximum individual

liberties consistont with tho general welfare.
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Estuaries are a complex ecosystem in which a number of physical and
biological processes are interrelated. Although scientists arc unsure
of the exact nature of many estuarine relationships, it is generally
believed that freshwater inflows are a major determinant of estuarine
productivity. Inflows maintain the necessary salinity balance and
also provide valuable nutrients. There are seven major estuary
systems and several minor ones spread along 370 miles of Texas
coastline. Eleven major river basins have estuaries of major or
secondary importance.

The Texas fishing and shrimping industries, as well as sport fishing,
depend on the estuaries to provide a proper habitat for fish
propagation and development. In addition to the fish and wildlife
which spend their entire lives in the estuaries, many other species
inhabit these areas during their juvenile stages. Some 97Z of all
fish and shellfish harvested along the Texas coast depend on estuaries
at one or more stages of their life cycles (Texas Department of Water
Resources 1982).

The Texas legislature has funded a number of studies concerning the
influence of freshwater inflows on estuaries, and has concluded that
they are an important factor in estuarine productivity (Texas Department
of Water Resources 1982). Revisions to the Texas Water Code in 1975 and
1985 emphasized the importance of freshwater inflows but did little to
ensure that such inflows are maintained. The protections instituted by
these laws arc largely discretionary, and many have argued that they are
insufficient. The water code still ranks recreation, wildlife
preservation and aesthetics well below other water uses in terms of
priority and there is not always enough water available to satisfy the
lower priority uses.
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Freshwater inflow into bays and estuaries remains a low priority use
of water in Texas. Nevertheless, there are a number of approaches to
estuarine protection which could be pursued under the current law.
Minor changes in the law could make protection easier, and major
changes could facilitate it still further. Little scholarly research
has been dons on legal approaches to maintaining freshwater inflows.
However, lawyers and conservationists throughout the U.S. have
identified a number of legal strategies which are applicable to a
related water allocation problem - the preservation of minimum stream
flows. As more and more surface water is diverted or stored in

impoundments, the amount of water remaining in downstreamriver
segments is sometimes insufficient to support fish and wildlife or
water-based recreation, or to dilute pollutants. Many of the
strategies which have been used to combat the instream flow problem
could also be used to maintain freshwater inflows to estuaries.

The strategies to protect estuarine inflows can be classified into
three groups: (1) direct acquisition of water rights, (2)
administrative approaches such as reservation, conditional permits,
and redefined water use priorities, and (3) application of the public
trust doctrine.

Texas Surface Water Law

Texas is one of several states which recognizes both riparian and
appropriative rights to surface water. Full riparian rights,
including the right to irrigate, apply only to. lands which (1) were
originally granted by the Republic or State of Texas between 1840 and
1895, and (2) have retained their riparian classification since the
original grant was issued. The Hater Rights Adjudication Act (Tex.
Laws 1967, ch. 45) required riparians to register their rights and
limited their claims to the maximum amount put to beneficial use in
any year between 1963 and 1967. In this way, riparian rights have
been absorbed into the appropriative system, with priorities based on
the dates of the original land grants. The adjudication process,
which followed the 1967 act, allocated Texas surface water on the
basis of all known water rights claims. That process is now basically
complete and the state of Texas has, for the first time, a unified
system of water rights.

Rights to state water under the prior appropriation system arc
allocated by the Texas Water Commission. Permits can be issued only
for beneficial uses, and the state water code includes a list of water
use preferences in which domestic and municipal purposes are rated
highest, followed by industrial, irrigation, mining, hydroelectric
power, navigation, recreation and pleasure, and other beneficial uses
(TEX. WATER CODE ANN. 511.024). Texas follows the other requirements
of tho prior appropriation system, namely the "first in time" rule and
the "non-use results in loss" rule.

Direct Acquisition

The simplest means of protecting freshwater inflows to estuaries is to
appropriate water for that purpose. This approach has the advantage
of fitting neatly into the existing regulatory system, with all its
inherent safeguards for existing appropriators. The oajor
disadvantage in Texas is the lack of unappropriated water. Permits



cannot be granted unless there is unappropriated water available in
the wator source.

Historically, a valid appropriation has required an actual diversion
of water. Most western water law experts agree that this requirement
no longer serves any function which cannot be served by other water
law doctrines (Tarlock 1978). nevertheless, some states have refused
to appropriate water for instream purposes on the grounds that there
is no diversion of water. In California, for example, the courts have
ruled that a permit cannot be granted unless the permittee has some
form of physical control over the appropriated water (California Trout
Inc. v. State Water Resources Control Board, 90 Cal.App.3d 816, 153
Cal.Rptr. 672 (1979); Pullerton v. State Water Resources Control
Board, 90 Cal.App.3d 590, 153 Cal.Rptr. 518 (1979)).

The question of instream appropriations has not yet arisen in Texas,
and it Is not clear whether Texas law requires an actual diversion.
The water code is ambiguous on this point, and the current rules of
the Water Commission indicate that appropriations require some form of
diversion or storage. Unless the legislature chooses to specifically
authorise instream appropriation, the only way to determine if such an
appropriation is possible is to apply for one. If the application
were denied, or if an instream appropriation were challenged, the
state courts would have to decide whether the water code requires
physical control over appropriated water.

Appropriations also have to be applied to a beneficial use, but there
is little doubt that Texas recognizes estuarine protection as a
beneficial use. The most likely state agency to appropriate water for
estuarine uses is the Texas Parks and Wildlife Department. It has the
necessary expertise and would be able, because of its independence
from the process of water rights adjudication, to act as an advocate
for environmental concerns without becoming involved in a conflict of
interest. State law already specifies that water from some new
reservoirs will be appropriated to the Parks and Wildlife Department
(TEX. WATER CODE ANN. 116.1331), so there is no question about the
department's authority to appropriate water.

Administrative Approaches

Withdrawal

Some states, such as Oregon, Washington, Kansas and Montana, have
acted to preserve instream flows by establishing a base level of water
in specified river segments, below which no further water can be
appropriated. This type of withdrawal from appropriation can be done
through legislative fiat or through administrative action.

The Texas Water Commission could withdraw water from appropriation in
order to ensure adequate inflows to estuaries. Such a reservation
could be accomplished using the Commission's power to deny permit
applications which are detrimental to the public welfare. The same
power could be invoked to limit the possible uses of water from
particular streams in a type of water use "zoning", or to impose a
moratorium on issuing permits. However, the Commission is unlikely to
take any of these actions because of their political nature.
Reservation of water for inflow purposes is unlikely to occur unless
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the legislature declares that it is state policy to favor ostuarinc
protection over other water uses, at least in certain circumstances.

Withdrawing water has the same disadvantage as direct appropriation:
there is a lack of unappropriated water available for withdrawal.
This could be overcome if the legislature mandated that all water
freed by cancelling existing rights be reserved for freshwater
inflows, until such time as the minimum required inflows were
withdrawn.

Permit conditions

The Water Commission currently has the power to condition new permits,
and is mandated to include conditions necessary to maintain inflows to
affected estuaries in any permits issued within 200 river miles of the
Culf coast (TEX. WATER CODE ANN. 111.147). However, the commissioners'
decision to condition a permit depends largely on their perception of
the public welfare. They are instructed to include conditions "to the
extent practicable when considering all public interests", and are not
obligated to prefer estuarine protection over any other public
benefits. The Commission could, include in any permit which might
interfere with freshwater inflows, the condition that it was issued
subject to the superior needs of any affected estuary system.

Preferred uses

Texas, like many other states, statutorily lists the order in which
various water uses are to be preferred when competing applications are
filed for different uses of the same water. Tre lease (1977) has
argued that such laws should be avoided. They are seldom effective,
oince the coincidence of incompatible uses is rare. They too often
reflect the economic and social thought of the moment of their
enactment, and they prevent the intelligent weighing of alternative
and relative values.

Water use preferences in Texas were instituted in 1931 and have not
been altered since then, apart from the addition of "other beneficial
uses" at the bottom of the list. The last named use is recrealon, and
aesthetic and environmental purposes are not specified at all. The
list should be revised to give higher priority to non-economic uses,
or different priorities could be established for different river
basins or segments. This approach of classifying rivers for different
uses is used in Oregon (Sherton 1981). Alternatively, tha legislature
could abolish the list and rely on the Water Commission to evaluate
different uses on a case-by-case basis.

Incentives to Conservation

The present system of water appropriation discourages water
conservation efforts on the part of rights holders. Only that portion
of water which is put to beneficial use is considered appropriated.
If water users purchase improved irrigation technology, line canals,
repair leaky pipework, remove water-loving "weed" plants from the
land, or otherwise reduce their water requirements, they cannot recoup
their investment. That portion of water which is no longer required



becomes subject to cancellation. An incentive scheme for water users
is required which will encourage conservation and discourage waste.
Some possibilities are direct reimbursement or allowing a change of
use for the unused part of the appropriation.

The Public Trust Doctrine

The public trust doctrine is an ancient theory for protecting certain
properties which were held by the sovereign in trust for the people
(Sax 1970). In recent years the doctrine has been reinvigorated and
expanded to cover a number of additional public resources, including
those without specific econoaic value. Some states, notably Wisconsin
and California, have developed a substantial body of case law on the
subject.

The most far-reaching public trust case to be decided in recent years
is National Audubon Society v. Superior Court of Alpine County (33
Cal.3d 419, 658 P.2d 709, 189 Cal.Rptr. 346 (1983)). In this case,
which closely parallels many aspects of the freshwater inflow problems
in Texas, the National Audubon Society brought suit to enjoin the
diversion of freshwater inflows to a saline lake, on the theory that
the shores, bed and waters of Mono Lake were protected by the public
trust. The California Supreme Court remanded the case to the superior
court to decide in light of the principle of minimizing harm to
interests affected by the public trust.

Two important points concerning the public trust doctrine arose from
the Mono Lake decision. First, the court said that the state must
affirmatively protect public trust interests "whenever feasible". The
significance of this ruling will depend on whether "feasible" is
interpreted in terms of available alternatives or simply in terms of
economics ond convenience. The second important point is the ruling
that the trust imposes a duty of continuing supervision over the use
of water after an appropriation has been made. The court said that
the state is not confined by past allocation decisions which may be
incorrect in light of current knowledge or inconsistent with current
needs. If such a ruling were applied in Texas it might allow the
cancellation, without compensation, of existing permits for uses which
are no longer considered beneficial.

In Texas the scope of the public trust doctrine is poorly defined. The
cases in which it has been used have been mainly concerned with the
tradlonally protected resources of submerged land and access to
navigable waters. It has not yet been invoked to contest the state's
handling of water resources, and the judiciary's position on the
doctrine and on the issue of third party standing has not been
determined. However, several commentators have indicated that the
doctrine could be a useful tool in protecting Texas estuaries
(Morrison and Dollahite 1985, Weaver 1985).

Conclusions

Existing provisions in the Texas Water Code make it possible to afford
some protection to freshwater inflows into estuaries. However, there
are two major limitations. First, most of the available protection is
at the discretion of the Water Commission, which must evaluate
proposed water uses against a list of statutory preferences.
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Recreation and environmental uses are at the bottom of this list.
Second, oven if the Water Commission wanted to allocate water for
freshwater inflows, there is little if any unappropriated water
available. Existing water permits provide vested rights which cannot
be altered and which can be cancelled only after abandonment or ten
years of non-use.

Civen these limitations and the nature of the statutes designed to
protect estuaries, any efforts at maintaining adequate freshwater
inflows have to be made on a case-by-case basis, which results in
piecemeal protection. This fragmented approach also requires a
considerable investment of time and money from any group or agency
trying to preserve the state's estuary systems, because their efforts
must be repeated each time a new threat arises.

Because the public trust doctrine is not wall developed in Texas, and
the issue of third party standing has not yet been settled, it is
difficult to predict the outcome of a suit to protect freshwater
inflows into estuaries. A court could easily determine that standing
would depend on showing special injury. Even if standing were
granted, there are some grounds for arguing that the trust doctrine in
Texas has bean subsumed into the state water code, which prohibits
appropriations that are detrimental to the public welfare and requires

The Commission, before issuing a permit, to consider the effect of the
permit on bays and estuaries.

Any litigation is expensive and time consuming. If a suit were
brought to preserve freshwater inflows, the courts could reach a
decision which limits the power of the public trust doctrine and
thereby establish a precedent which would restrict future efforts.
Even if a case were settled to the benefit of the estuary, it might be
determined on factors peculiar to one situation without producing any
broader gains or guidelines. On the other hand, a broad and positive
ruling involving the doctrine would result in extensive gains for
estuary protection and for other natural resources as well. For
example, a ruling like that in the Mono Lake case could give
freshwater inflows a ouch higher priority than they have under the
current water code preferences, and night also be instrumental in
freeing up water on overappropriated rivers through the revocation fo
existing permits.

Both the coats and the potential gains of public trust litigation arc
high. Since the attitude of Texas courts is currently so unclear,
such litigation might best be postponed until other options have been
attempted or until the courts give sooe indication of favoring the
public trust approach.
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Introduction

The analysis herein Is taken from the legal component of a five-part
study of artificial reef planning and development for a three-state
area in the Northern Culf of Mexico, the specific area being the
Florida Panhandle and the Alabama and Mississippi coasts. The study
was directed by Dr. James I. Jones of the Mississippi-Alabama Sea Grant
Consortium, co-sponsor of tho project with Continental Shelf
Associates, Inc., of Tequesta, Florida. Funds for the project were
provided by the National Marine Fisheries Service, and Ron Schaled of
NMFS' St. Petersburg office served as program monitor.

The legal aspects of the study has both regional and national
characteristics, and the author has attempted to present both in this
paper. The subject matter covered by this paper includes permitting
and legal liability, while development Incentives and international
navigation law were also covered In the study. The regional/national
dichotomy is clearly apparent in the section on permitting, since the
areas specifically studied have Joint federal/state permit applications
for artificial reef construction. The section on liability is more
general in nature, but does cover certain aspects of the local law of
the three states involved, such as sovereign Immunity.

Federal Permitting

The U.S. Army Corps of Engineers (Corps) is the primary permitting
authority for artificial roof construction and maintenance. Actually,
it is the only such federal authority, because, even though numerous
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other agencies are Involved in the process, the Corps Is the only
federal agency that actually issues a permit. Other federal agencies
have a consulting and commenting role involving fish and wildlife,
environmental protection and historic preservation. The Corps' permits
are Issued under Section 10 of the Rivers and Harbors Act of 1899 and

Section 404 of the Clean Water Act. Outside three miles from the

coastal baseline, the 404 permit does not apply, therefore the only
permit Issued by the Corps is the Section 10 permit.

The Corps' offices in both tha Jacksonville and Mobile districts have
developed a regional permit for artificial reefs. This permit means
that the normal Individual permit process does not have to be followed
and therefore the time required is substantially reduced, at least
theoretically, from about two months to two weeks. (This does not
mean, of course, that any state permitting or certification process is
similarly shortened.) The regional permit moans that the activity
covered Is considered of minimal impact to the environment, both
Individually and cumulatively, and therefore no individual permit Is
necessary. The time period la shortened by eliminating the public
notice, comment and hearing procedures. However, if any of the
agencies with consultation authority object or the Corps itself finds
some problem (e.g., the Endangered Species Act), then the permit Is
"kicked out" into the individual permit process. In all throe of the
states involved In the study, the regional permit application is a
joint federal/state application and the process Is effectively a joint
procedure. In Florida, there Is a general state permit for artificial
reefs, which means that the state permitting process for an artificial
reef is core streamlined than other projects. Mississippi and
Alabama's permit procedures are considerably core time-consuming.

Because of the regional federal permit and the probability that most
reefs will not raise objections, it is somewhat unnecessary to discuss
the substantive and procedural requirements of the individual federal
permit process. The public rovlew procedures are detailed and can be
easily located in the regulations. Major projects may benefit by
utilizing a pre-appllcatlon consultation, the practical equivalent of
submitting an original application. This procedure may help to avoid
problems and to enhance the success of the project.

Under the 404 program (33 U.S.C.A. S1344), guidelines are developed by
the Environmental Protection Agency (EPA) pursuant to criteria in
9403(c), therefore the EPA has some substantive Input in the initial
part of the permit process. The EPA also has a "veto" power under
Section 404(b), although this power is rarely used. The Administrator
of EPA is authorized to use this veto power when he determines, after
public hearing, that the proposed activity would have an adverse effect
on "shellfish beds and fishery areas (Including spawning and breeding
areas), wildlife, or recreational areas." The EPA does not have any
permitting authority under tho National Pollution Discharge Elimination
System (NPDES) (8402 of the Clean Water Act), through the EPA's
aquaculture project regulations ({318 of the CleanWater Ace), or under
the Ocean Dumping Act (Title I of tho Marine Research, Protection and
Sanctuary Act).

There are several other agencies which have consultation roles in the
Corps' permit process. The Fish and Wildlife Coordination Act requires
federal agenclos to coordinate their activities with cither the Fish



and Wildlife Service (FWS) or the National Marine Fisheries Service
(NMFS) of the Department of Commerce. The Endangered Species Act
requires the Corps to consider any possible threat to an endangered
species, and to consult with either the Secretary of Interior or the
Secretary of Commerce when such a threat appears. Both Interior and
Commerce also have consultation authority under the Marine Mammal
Protection Act. Under the Marine Sanctuary Act (Title III of the
Marine Protection, Research and Sanctuaries Act), the Sacretary of
Commerce is authorized to designate national marine sanctuaries.
Although an artificial reef may not Itself be a threat to a marine
sanctuary, the activities surrounding the reef likely would be a threat
and would be severely restricted.

The Coast Guard has a simple, but significant role in artificial reef
development, i.e., the approval of locations and buoy plans for reefs.
This approval must be obtained before the Corps will grant a permit
under either or both Section 10 of the Rivers and Harbors Act or
Section 404 of the Clean Water Act. District offices of the Coast
Guard should be consulted to determine buoy requirements, since local
conditions affect actual requirements. Also, there is vested In the
District Commander a certain amount of discretion concerning relief
from buoying requirements. Tha New Orleans District covers most of the
specific area of this study, although the Miami District covers the
area cast of Apalachicola Bay. Coast Guard approval normally can be
obtained in one day.

Although there will be certain exceptions, the basic rules are set up
according to specific water depths. If there will be less than
eighty-five (85) feet of clearance above the reef, the Coast Guard will
usually require a lighted buoy. An unlighted buoy is required between
eighty-five (85) and two hundred (200) feet of clearance, unless the
reef is within five hundred (500) yards of a shipping fairway.
According to the New Orleans office, a minimum 'of one mile distance
from shipping fairways Is preferred If the reef has less than
eighty-five (85) feet of clearance. If tha structure is near an
established fishing area, the clearance oust be greater than two
hundred (200) feet or a buoy la required.

The Departocnt of Defense has established certain restricted areas
which are off limits for reef construction. The Sport Fishing
Institute has developed a guide which contains descriptions of these
areas in the Gulf of Mexico. Several other agencies also have such
information, such as tho Corps, Coast Guard and the Minerals Management
Service.

The Minerals Management Service also should be contacted in areas in
which there is oil and gas exploration and development activity to
determine the existence of offshore leases and pipelines. Although
leases are not In themselves an Impediment to reef construction, the
potential activity should be planned around. Naturally, one would not
want to locate a reef near an oil or gas pipeline.

If an obsolete vessel Is used for an artificial reef, Che permittee
should consider the EPA's requirements for dumping of vessels for
disposal. The EPA must certify that "the proposed use of the vessel
will be compatible with water quality standards and other appropriate
environmental protection requirements." In all likelihood, the EPA
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requirements for dumping of vessels will be applicable to use of
vessels for artificial reefs. The regulations require emptying and
reflushlng all fuel lines and tanks to the lowest suction point before
disposal of the vessel.

State Permitting

States generally havo a certification role in the Issuance of Section
10 and Section 404 permits, under the authority of Section 401 of the
Clean Water Act (water quality) and the Coastal Zone Management Act
(consistency of federal program with stato coastal program). The
geographical limits of the 401 water quality certification are the
territorial limits of the state, I.e. the boundaries of the United
States. The normal limits of throe olios apply in Alabama and
Mississippi, but the Gulf boundary line of Florida is three marine
leagues or nine nautical miles. Mississippi's boundary is measured
froo the barrier islands lying south of the mainland.

Within tha territorial limits of a state, any applicant for a permit
issued by a federal agency must certify that the activity to bo
permitted Is consistont with the state's coastal program. If the state
objects, tho permit will not be issued unless the Secretary of
Commerce, on appeal, decides that tho activity "Is consistent with the
objectives of this chapter or is otherwise necessary In the Interest of
national security." Outside territorial waters, federal agencies are
required to conduct or support activities directly affecting the
coastal zone "in a manner which is, to the maximum extent practicable,
consistent with approved state management programs." All the coastal
programs of all three states Involved In this study expressly encourage
and approve reef development.

Florida has an aquatic preserve program similar to the Marine Sanctuary
Act. Some of these sanctuaries are located in the Panhandle area,
therofore the Florida Department of Natural Resources should be
consulted concerning special requirements for these areas.

Another possible area of state certification is that of historic
preservation areas. Although one does not normally think that offshore
waters would contain many historic areas, there arc apparently hundreds
of shipwrecks in the Gulf. There has been a recent move to lntroduco
legislation in Congress to enact a Historic Shipwreck Act. This is a
consideration that should be taken Into account when siting a reef.

Liability

The facts and the actors are loportant in any consideration of legal
liability. The facts determine the legal theories Involved and the
status of the actors, all of which in turn dictate the causes of action
and defensos available to the parties. It is important then to
consider the facta involved In a reef development project. The first
decision made is to build the reef, then follow decisions concerning
the type of materials, the location of the structure and so on.

There are several periods in a reef project which Involve different
typos of risks and different types of actors. The material to be used
In the reef must bo obtained from somewhere and hauled to the reef
site. It oust be properly and accurately placed on the reef site.
After the placement of the material, buoys nay havo to be maintained,
and there may be some responsibility to inspect the reef to insure that



it is good condition. For example, both the Mobilo and Jacksonville
Corps permits require the permittee to maintain "the structure ... in
good condition. ..."

Throughout the comon reef project there arc different phases in which
various risks are present. Many of these are the standard,
"run-of-tho-alll" risks present in numerous other activities, and the
liability potentials are determined by well-known rules of law. For
example, liability for injuries to maritime workers and seamen will be
governed by statutes such as the Jones Act, the Longshoremen and Harbor
Workers Coopensation Act, state worker's coopensation laws and the
Death on the High Seas Act, plus certain common law remedies, such as,
maintenance and cure and the warranty of vessel seaworthiness.

Those remedies cover personal Injury, but proporty damage is another
type of liability that oust be considered. Property damage could
involve a collision between two vessels or a vessel and some fixed

structure or the land or it could Involve the blocking of a shipping
fairway due to the sinking of a vessel or the "tow" (the barge carrying
materials or a platform Itself). The law of towage and the law of
collision provide well-known rules that govern liability in such
circumstances.

The parties that are subject to potential liability during the above
phases arc primarily the donor of materials and the party hauling the
materials to the reef site. The donor's liability will depend to a
large extent on the complexity of the tasks Involved in loading the
materials onto a barge or securing a platform for towing and the amount
of its participation in these tasks. The donor's risk of liability
will be much greater if it is actively Involved In this phase than if
it contracts with some other party to perform the tasks. In the latter
case, the other party will generally be responsible for liabilities
incurred during the work.

Once the material is at the reef site, the primary responsibility of
the parties involved is to see that the material is placed in the
proper location. At this point, the permittee may have some
responsibility to insure that this happens. Once the material is In
place, most of the potential for liability shifts to the permittee who
has the duty of inspection and maintenance.

During the placement and maintenance stages, the potential liability of
the participants would be governed by ordinary principles of negligence
law (negligence is also the normal standard in collision cases).
Negligence Is defined as a breach of a duty of reasonable care owed to
some person, which breach Is the proximate cause of injury to that
person. The injured party oust show that he is owed this duty and that
tho other party breached this duty, causing him to be injured. There
are many aspects of negligence rules, and it is beyond tho scope of
this paper to explore the topic fully.

Tho National Fishing Enhancement Act (NFEA) soeks to encourage reef
development by limiting the liability of the participants in certain
areas. Primarily, this limitation of liability applies to tho donor of
reef materials and to the permittee. Oil companies have been involved
to some extent In donating obsolete platforms for reefs, and many
people feel that these platforms will be a plentiful supply of reef
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oatorlal in the future. The oil companies apparently are willing to
participate in the program, but do not want to expand their operations
into an area of unknown liability.

Consequently, the NFEA seeks to limit the liability of donors of
materials, in fact, to end it at the point that title to the reef
oatorlal Is transferred. However, the act nay actually Impose a
standard of strict liability rather than ordinary negligence on the
donor of oatorlal for a defect in the material at the time title to it
is transferred. The NFEA states that a donor of oatorlals "shall not
be liable for damages arising from the use of such materials in an
artificial reef, if such materials meet applicable requirements of tha
plan published undor section 204 [the national reef plan] and are not
otherwise defective at the time title Is transferred." This does not
take into consideration the fact that the donor of material may not
have been able to determine if there was a defect In the material at
the tine title was transferred, and the fact that this defect oay not
have been created by the actions of the donor.

A probably typical example would be the removal of an obsoleto platform
from the ocean floor for towing to an artificial reef site. In the
process of removal, particularly if the platform is toppled, the
platform could be damaged. Tho oil company oay exert great effort to
detormine if any structural damage has occurred, but finds nothing.
After the platform is In place as a reef, a portion of it collapses on
a diver or washes away to end up in a fishing net. The Injured party
may be able to show that there was a defect at the time title was
transferred. The oil company would then be held to a strict liability
standard, although It exerted great effort to protect Itself.

Sooo might argue that such questions are theoretical rather than
practical. It does little good to respond to such a problem by
attacking the practicality of such a situation or the difficulty of
proving that a dofect oxisted ot a specific time. The risk of
liability Is the problem, not the odds of the situation actually
arising. There are legal rules that would allow the Injured party to
argue that there oust havo been sose defect or otherwise the accident
would not have happened. This is known as the res ipse locquitur
doctrine - "the thing speaks for Itself." The answer is not to debate
tho possibility, but to amend the statute so that the standard is not
so strict.

The permittee's risk of liability was also considered In tho Act, and
it states that the permittee "shall not bo liable for damages caused by
activities required to bo undertaken under any terms and conditions of
the permit, if the permittee is in compliance with such terms and
conditions." (Eophasis added.) The Act goes on to state that the
permittee "shall be liable, to the extent determined under applicable
law, for damages to which paragraph (1) [the above] does not apply."
This second provision makes clear the fact that ordinary negligence
rules will still have an Impact on reef programs. As mentioned above,
the Jacksonville and Hobile Corps' permits required the maintenance of
permitted structures in good condition. There may bo no liability for
activities conducted to Insure that the reef is in good condition,
i.e., inspections, but if the inspection is negligently performed and o
problem is not discovered, liability may arise if an injury later



occurs because a negligent Inspection Is not In compliance with the
terms and conditions of the permit.

There are certain risks involved in construction and maintenance stages
that should be considered in planning a reef. The area Involved and
the type of material used must be matched so that the materials are
suitable, a requirement of the NFEA. Materials must also be free of
pollutants in order to meet the suitability requirement.

If a state or one of Its political subdivisions (a county or
municipality) is the permittee, it may be able to assert the doctrine
of sovereign immunity. The immunity, if applicable, is absolute and
will operate to defeat the claim of the Injured party. States are
generally Immune from all types of negligence actions, although state
officials have only a limited privilege of individual immunity. In the
typical reef scenario, Individual official actions can be divided into
those that arc discretionary in nature and those that are ministerial.
Discretionary decisions are normally covered by Immunity, while
nlnlsterlal actions are not. Discretionary decisions would Include the
initial decision to construct a reef and the choice of location and

materials. Ministerial actions would Include the placement of the
materials and the maintenance of the reef, including negligent
inspections.

The Immunity of a county or municipality of a state is derivative, and
therefore is not as strong as the state's Immunity. Sovereign immunity
can be explained by characterizing the actions of such entities as
governmental or proprietary. Governmental actions are generally those
considered to be necessary to the public welfare, while proprietary
actions are those not actually necessary, even though they do benefit
the public. An artificial reef would fall in the latter category.

Thus, in those Instances where a permittee is not protected by the
provision concerning actions required to bo undertaken by the permit,
normal rules of negligence apply. Sovereign inounlty is one defense
that may be available, a strong defense In the case of a state as the
permittee, but a weaker possibility when a county or city is the
permittee.
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Introduction

As part of efforts to control development of Mississippi's beaches and
provide the public with recreational access, the Mississippi Bureau of
Marine Resources is developing a sand beach master plan for Harrison
and Hancock counties. One of the issues identified during the course
of the study is public access to beaches. Ostensibly, beach access for
the public in Harrison County was guaranteed in 1970 by Judge Cox's
final order in U.S. v. Harrison County. Two subsequent U.S. Supreme
Court decisions, as well as a conflicting Mississippi Supreme Court
ruling on the same beach, have rendered the applicability of the 1970
ruling suspect. No similar case law applies to beaches in Hancock
county. As a result, the extent of public legal rights to use these
beaches is unclear.

Continued controversy over public use of the beaches of Deer Island
further Illustrates the problem of beach access. Deer Island is a
500-600 acre Island located in the Mississippi Sound, just offshore
from the coastal city of Blloxl. A private developer has attempted to
restrict public access to all put a small portion of the Island that is
owned by the city of Blloxl. Prior to tha developer's acquisition of
the property, the public freely used the island for boating, swimming,
cooping, and other recreational uses without interference. As a
result, an uneasy tension now prevails over public recreational use of
Deer Island beaches.

This paper reviews the current status of Mississippi's public trust
doctrine on public access to coastal beaches. In addition, alternative
cocnon law theories of dedication and custom are offered to support the
right of public access.
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Public Trust Doctrine

Mississippi's public trust doctrine places ownership of tidal lands
below mean high tide in the state, which holds it in trust for the
public. Public rights specifically protected by the Mississippi
Supreme Court under the trust Include commerce and navigation, fishing,
bathing, swimming and other recreational uses, and the development of
mineral resources. (Cinque Bambini, 1986) However, the court has never
extended the trust upland beyond the mean high tide line. As a result,
it Is unlikely that the public trust doctrine protects members of the
public who venture onto the dry sand area from incurring liability as a
trespasser.

Not only ha3 the court failed to extend public trust rights to include
beach access. It has permitted the state to sell tidal trust lands to
private persons when doing so la "in the public interest." (Treutlng.
1967). The Treutlng decision involved the sale of submerged lands
adjacent to Deer Island to facilitate private resort development on the
Island. In upholding the sale, the court found that the legislature
was justified in authorizing the sale of these lands to private
Individuals as "incident" to tho overall public Interest and purpose.
"If the totality of the development promotes the public Interest in
general, the Incidental private ownership of individual lots does not
negative [sic] the comprehensive public purpose." (Treutlng. 1967). The
public purposes served by the development, as recognized by the court,
were commerce, tourism, recreation, and accommodating an expanding
population. The court concluded further that the proposed development
was consistent with formerly established trust purposes of navigation,
fisheries and commerce.

Although this decision was Halted to Its facta by tha Mississippi
Supreoe Court in 1972, It has never been explicitly overruled.
(International Paper. 1972). Such decisions do not bode well for
future extension of tho public trust doctrine to Include a right of
beach access. It is therefore necessary to explore other cooaon law
tools to apply.

Implied Dedication

Dedication is a comaon law doctrine that makes it possible for a
landowner either to transfer full ownership of his land to the public
or to grant an easement to tho public for certain uses. A legally
enforceable dedication of land to a public use requires two elements:
an objectively manifested deslro of a landowner to devote property for
such purpose, and a valid acceptance by the public, whether both
elements are present In a purported dedication la a question of fact
for tho courts, with the burden of proof resting on the party asserting
a dedication.

The owner's Intent is the linchpin of dedication. An owner may
expressly dedicate the land, or his intention oay be lmpled from his
failure to object to continued use of his property by the public. It
is crucial chat this intention be clearly and unequivocally manifest.
Once the court finds a valid offer to dedicate, the focus of the
analysis shifts to tho public's acceptance of such an offer.
Acceptance may be either express or Implied, by formal action or public
use.



Application of the doctrine of Implied dedication to beach access is a
relatively new one among state courts. Historically, the doctrine was
applied to the dedication of roods and parks. Mississippi is no
exception. Therefore, it is necessary to draw parallels from such
situations. Armstrong v. Itawamba, a case dealing with the issue of
whether a road across private land had acquired public road status, is
an enlightening example. The court found that a dedication had
resulted froo continual public use and maintenance of the road at
public expense for nearly twenty years. Although the facts clearly
show an Implied dedication, the court did not categorize it as such.

Its first specific discussion of Implied dedication arose when members
of a community attempted to prevent the city of Louisville from using a
particular tract of land in a manner that waB Inconsistent with Its use
as a public park. (Hull, 1974). The test set out by the court
requires "long use for a specific public purpose, the discontinuance of
which constitutes a violation of good faith to the public and to those
who have acquired property with a view to the use contemplated by the
dedication." (Hull. 1974). Here, tho city's prior Inconsistent use
demonstrated that there was no Intention to dedicate the property for a
specific public purpose (i.e., a park). Therefore, It was just as
reasonable to conclude that the city had Intended to continue use of
the land as a park only until it was needed for other purposes as it
was to imply that the property had been dedicated.

How then, would public access to Mississippi's coastal beaches fare
under the Itawamba and Hull standards of Implied dedication? In
order for the court to find an implied dedication, requirements as to
duration and character of use must be mot. The character of the use

must be adverse to, and oxclualvo of, the rights of the property owner
(except as a member of the public). Unlike prescriptive rights, which
vest in Individuals, the claim of right being asserted must be on
behalf of the public as a whole. The uso must be with the knowledge of
the property owner, or under such circumstances that would warrant
charging him with knowledge. With the exception of the current owner,
previous owners of Deer Island have long acquiesced in the public's use
of the Island beaches for recreational purposes. Similarly, few
objections have been lodged against the open public use of the sand
beaches of Harrison and Hancock counties since their establishment.

Under the Hull standard, It would be a violation of good faith to the
public to discontinue such long use for the specific public purposes of
navigation, bathing, fishing, and other recreational activities.

As noted above, public use can constitute acceptance of an offer to
dedicate. Because such use does not need to be constant, the fact that
the beaches arc less populated in winter months does not Interrupt
continuity of the use. And on Deer Island, the public continues to
utilize Deer Island, effectively Ignoring efforts of tho current owner
to restrict such use. It should be noted that a succeeding landowner
takes the property with the burden of an established dedication.
Finally, at least for the boachas of Harrison and Hancock counties,
government funds are used to maintain then. Continued use over a
period of time, combined with maintenance at public expense, was
sufficient for the Armstrong court to find Implied dedication of a
road; it should certainly suffice hero.

Although the Mississippi courta have yet to apply implied dedication
concepts to beach access Issues, othor state courts have set the
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precedent for such a decision. The leading case in Texas, Seaway
Company v. Attv. General, concerned the right of the public to uso the
dry sand area of a beach located on Galveston Island. The primary use
of the beach by the public was as a roadway. In finding an implied
dedication, the court hold that tho owner had acted in such a way as to
Induce a belief in the public that ha Intended to dedicate. Ha
fostered this belief by fallng to protest public use over an extended
time period. The public, in turn, accepted the dedication by continued
use of the beach ovor time without asking permission. In addition,
evidence was introduced that county authorities had contributed to
maintenance of the beach since 1929. In assessing the weight to be
given particular uses, tho court stated that maintenance and patrolling
were "some evidence of an intent to dedicate" but that continued open
use over time was the key element.

Florida courts have added an interesting factor to the offer/acceptance
elements of Implied dedication. It permits the public to acquire an
easement in beaches through implied dedication if the owner of the
beach front parcel loses soaethlng by virtue of the public's use of the
beach. (Tona-Rama. 1974). The court did not elaborate upon this
requirement. Georgia's rule necessitates that the public's use result
in exclusion of tho landowner, a circumstance that would be almost
Impossible to establish. (Lines. 1980). California has added a unique
twist to the acceptance prong of the test. If the public use has not
continued for more than five years, actual consent of the owner oust be
proven. (Clon. 1974).

Custom

Another common law doctrine available to protect public access to
beaches is custom. Mississippi law on custom is sparse. And to date
has been applied almost exclusively in business situations. Therefore,
it is hard to draw analogies pertinent to beach access. A review of
the applicability of the doctrine of custom by Oregon and Florida
courts gives a clearer picture of the pertinent legal Issues.

As defined in the leading beach access case in this country. State Ex
Rel. Thornton v. Hoy, cuotoo Is "such a usage as by common consent and
uniform practice has become the law of the place, or of the subject
matter to which It relates." The court Identified seven requisites to
support the cxlstenco of a custom. The right oust be ancient,
continuous, free from dispute, reasonable, certain, obligatory, and
consistent with law.

Antiquity Is established through a showing of long and general usage.
Here, public use of tha dry sand beaches of Oregon had existed since
the time of tho early white settlers, as well as earlier by the Native
American Indians. The next two requirements, continuity and freedom
from dispute aro interrelated. Together they require consistent use by
the public (again, one need not sunbathe in January to be consistent)
without Interruption by the landowner. "Reasonable" means usage
appropriate to the land and the usages of the community. Hero,
evidence that city police had intervened whenever people's behavior was
inappropriate was hold sufficient. These showings should not bo
difficult in tho coao of Mississippi's beaches.

Certainty is a more difficult requirement because of the mobile
boundaries of tho shore. Tho Oregon court held that "the visible



boundaries of the dry sand area and . . . the character of the land,
which Units the use thereof to recreational uses connected with the
foreshore." (Thornton, 1974). Limiting the area to the foreshore made
tho boundaries core definable, but natural topography assisted in this
distinction. There are no cliffs on Mississippi's coast. The sand
beaches have receded and been replenished over time, particularly as a
result of several oajor hurricanes. And on Deer Island, the beach area
has been used for beach activities and the woods for other recreational
activities such as camping. These factors could create problems of
certainty.

The Thornton court found that a custoo was obligatory so long as the
landowner did not have an option to recognize the public right or
Ignore it. Two points of Inquiry are relevant to obligation: (1) were
the lands trusted as of right and uniformly with similarly situated
lands, and (2) did the landowner object? Public behavior on
Mississippi beaches evidences a belief that there is a right to use
beach areas, particularly in light of a lack of objection on the part
of private landowners. Finally, the custoo must be consistent with the
laws and customs. The Oregon court's analysis provided no guidance on
this prong of the test as they found the custoo to be consistent
without giving a rationale.

Florida has also applied custom to protect public rights to beach
areas. (Tona-Rama, Inc., 1974). However, the court identified only
four elements: antiquity, reasonableness, continuity, and freedom froo
dispute. At Issue was whether the owner could build an observation
tower on the dry sand area. Even though the requirements for custom
were met, the court ruled in favor of the owner because presence of the
observation would not conflict with other recreational uses of the
beach by tho public.

The doctrine of custom, then, is a viable legal tool for guaranteeing
public access, but the burden of proof for those asserting the public
right is core difficult than under Implied dedication.

Conclusion

Under the public trust doctrine, the public has the right to swim,
wade, or otherwise reasonably use the tidal waters of Hisslsslppi so
long as they remain below the mean high tide mark. Even though
submerged lands In sooe Instances may be reclaimed and sold, it is
unlikely that the court will allow wholesale divestiture of public
trust property. But If the public is to have a legally protected right
to spread a blanket on the sand, or engage in other recreational
activities, a theory other than the public trust doctrine is needed.

The theory of implied dedication is tailor-made for protecting beach
access rights in the public. It requires behavior on the part of the
owner that evidences an intent to dedicate and the public's acceptance
through acquiescence to public use. The rights thus gained can be in
the nature of fee title, or an easement to use the property for
particular purposes. If an easement is found to exist, the owner is
forbidden from acting Inconsistently with the rights of the public.
And at the same tioe, the public must limit their activities to those
that come within the scope of the dedication.
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In the alternative, the doctrine of custoo can be asserted, Two
potential problems exist in tho use of custom. First, Mississippi
courts tend to use it sparingly. As a result, there la little guidance
for meeting the burden of proof, and the court oay bo roluctant to
apply it to beach access issues. Second, those courts that have
applied custoo have established tests that are even oore rigorous than
for implied dedication. However, it remains a viable common law theory
whose principles fit well with the need to protect beach access.
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Executive Summary

The urban bay approach Is proving to be effective In solving chemical
contamination problems 1n Puget Sound. It is action-oriented. It uses
existing data to Identify problem areas and begins to control sources
contributing toxics early on. Control actions include inspections,
Issuing and revising permits and orders, enforcement actions, and
Installation of best management practices. It has a geographic,
problem-oriented focus. Work plans are developed for urban bays where
sources of toxic contamination are concentrated, and the critical problem
areas within these bays are addressed first. All program authorities,
including water quality, RCRA and Superfund, are used as needed to
effectively control sources. The success of this urban bay approach,
however, requires a commitment to action on the part of the state. Its
focus on sediment contamination, toxics control In permits, and toxics
controls for stormwater runoff puts it in the forefront of the
application of emerging state and EPA policy.

Problem Identification

Urban bays are the most highly industrialized areas of Puget Sound, and
discharge and dumping of waste materials, including metals and organic
compounds, have affected the chemical quality of waters and sediments in
many portions of these bays.

Scientists from NOAA's Northwest and Alaska Fisheries Center in Seattle
have documented a high prevalence of liver and kidney lesions in
bottomflsh such as sole in urban bays. The nearshore and tldeflats area
of Commencement Bay, which serves Tacoma, a large Industrial city
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south of Seattle, was Included i.i the National Priority list of
hazardous waste Superfund sites due In part to chemical contamination
found in the sediment. Subsequent analysis of additional data In the
marine sediments in Elliott Bay off Seattle has shown equal or greater
levels of contamination for some chemicals.

These urban bays, like much of Puget Sound, support loportant
commercial and recreational fisheries. Many of these fish and
Invertebrates live In contact with the bottom sediments resulting in a
high potential for uptake of sediment-associated contaminants. There
1s public concern over the potential human health Impacts of eating
contaminated seafood, and local health departments have Issued
advisories against eating fish caught 1n certain areas near urban
centers.

Industrial pollution Is the major source contributing to the
contamination in the urban bays, but the pollution does not always come
from a pipe. Twenty-seven NPDES-perraitted sources discharge to
Commencement Bay that Include two sewage treatment plants. In Elliott
Bay there are also 27 permitted sources but they are limited to
fugitive emissions of sandblasting material from shipyards, cooling
water, and stormwater. AH other industrial wastewater is discharged
to Seattle Metro's sewer system and Is subject to Metro pretreatoent
permits.

There are also numerous unpermitted sources adding contaminants to the
urban bays including combined sewer overflows (CSOs), storm drains, and
small dischargers. Improper management and storage of hazardous
materials on Industrial sites can cause contamination of surface and
ground water flowing from the site. Studies of Commencement Bay
indicate that there are over 425 drains, pipes and seeps that are
potential pollutant sources within that bay alone.

The Information on pollutant loading and location of sources is far
from complete. In many cases existing data allow for only Incomplete
Identification of Inputs or loading. Nor is effluent data sufficient.
Contaminate concentrations 1n the particulate portion of the effluent
may be orders of magnitude higher, causing sediment contamination.
Host permits do not directly limit emissions of toxic chemicals, and
even if they did, many sources are not permitted at all. Nor is the
extent of the contamination known.

Overview of the Approach

Implicit in the urban by approach are certain assumptions. The
approach focuses on toxic contamination In sediments. Nutrients,
though a problem for certain shallow enbayments tn Puget Sound, do not
appear to be a problem Sound-wide. Toxic contamination tends to
accumulate in the sediment, and can accumulate at levels potentially
associated with adverse biological effects. These assumptions are
being further evaluated through some of the characterization studies
being funded through the Puget Sound Estuary Program.

The Urban Bay Approach 1s designed to do the following:

1. Identify and prioritize problem areas within an urban bay, using a



compilation of existing data. Areas receive a ranking of high
priority 1f they exhibit a particularly high level of chemical
contamination of the sediment, sediment toxicity, and/or biological
effects including bioaccuntulation, fish pathology and changes in
the benthos. Problem chemicals and the contaminant sources for
each priority area are identified to the extent possible with
existing data.

Identify and Implement corrective actions to eliminate known
problems J These actions are specified in an "Interim action plan"
that al so Identifies which agency has responsibility for each
action. Primary responsibility for Implementing the interim plan
rests with the Action Team located in the regional office of the
State Department of Ecology (OOE). The responsibility of the
Action Team Is to control or eliminate sources of toxic
contaminants In a timely manner through negotiation with
responsible parties, permitting mechanisms, or compliance orders.

Identify major data gaps and design a sampling and analysis plan to
supplement the existing data base in terms of location and extent
of contaminated areas In the urban bay being studied, and to ensure
adequate Identification, prioritization and characterization of
pollutant sources.

4. Conduct sampling and analysis to fill major data gaps.

5. Revise the schedule of actions in light of any new Information
obtained through the sampling and analysis. Issue a revised, more
complete Action Plan.

6. Initiate additional actions to resolve the remaining problems,
including remedial actions. State and local agencies have primary
responsibility for Implementing the action plan.

Identification and Prioritization of Problem Areas

The decision-making process to evaluate toxic contamination problems
follows seven steps:

* Characterize sediment contamination, sediment toxicity, and
biological effects

* Quantify relationships among sediment contamination, sediment
toxicity, and biological effects

* Apply action levels developed from these relationships to
Identify/prioritize problem areas

* Identify suspected problem chemicals 1n high priority areas
* Define to the extent possible the spatial extent of problem areas
* Evaluate sources contributing to problem areas
* Evaluate, prioritize, and recommend problem areas and sources for

corrective and/or remedial action

Potential problem areas are evaluated using several indicators of
sediment contamination and biological effects. When the results of
these independent measures corroborate one another (i.e., there is a
preponderance of evidence), a problem area Is defined. There oay be
special circumstances where a single Indicator may provide the basts
for recommending source control and corroboration is not needed.
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It is assumed that adverse effects are linked to environmental
conditions resulting from source emissions and that these links may be
characterized. Relationships between sources and effects are
quantified where possible, for example, by correlations between
specific contaminant concentrations and the occurrence of adverse
biological effects for a given area. Direct cause-effect relationships
in the sense of laboratory verification studies are a research need and
are not within the scope of the Urban Bay studies.

The primary kinds of data used In the decision-making process are shown
in Table 1. Although many other variables are evaluated throughout the
decision-making process, those shown in the table form the basis for
problem Identification and priority ranking for the Interim work plan.

Each type of data is needed to help identify and prioritize problem
areas, and only that data which Is needed is collected. All recent
data for the subject bay is reviewed by the contractor and that which
meets quality control criteria are used in the Initial analysts. Study
areas exhibiting high values of environmental Indicators relative to a
reference site (i.e., "clean" area remote from urban centers) receive a
ranking of "high priority" for evaluation of pollutant sources and
remedial action.

TABLE 1 PRIMARY KINDS OF DATA USED IN PROBLEM
AREA IDENTIFICATION AND PRIORITY RANKING

GENERAL CATEGORY
VARIABLES

Pollutant Source

DATA TYpT"

Industry Type
Mass Emissions

Habitat Condition Sediment Quality

Indigenous Irgan
Isms

Toxicity

Bloaccumulatlon

Benthic Community
Structure

Fish Pathology

Acute Lethal

SPECIFIC TBuTCATOR

Pollutant Concentrations
Discharge Flow
Chemicals used or
manufactured

Pollutant Concentrations

Contaminant Concen
trations in Tissues
of English Sole
and Crabs

Total Abundance
Species Identification
Species Richness
Dominance
Aaphipod Abundance

Prevalence of Liver
Lesions
In English Sole

* Amphlpod Mortality



To rank areas based on observed contamination effects and to evaluate
the relative magnitude of these effects, a series of simple indices has
been developed for each toxicologlcal and biological effect category
(i.e., sediment toxicity, bioaccumulatlon, pathology, and benthic
community structure). The Indices have the general form of a ratio
between the value of a variable at a site in the urban bay being
studied, and the value of the same variable at a reference site. The
ratios are structured so that the value of the Index increases as the
deviation from reference conditions Increases. Thus, each ratio is
termed an Elevation Above Reference (EAR) index. These are organized
into an "Action Assessment Matrix" which is used to compare study areas
or "hot spots". Problem areas are ranked according to the number of
indicators that are elevated from reference conditions and the
magnitude of the elevation (Tetra Tech, 1985).

Interim Action Plan

Having Identified and prioritized the problem sites within an urban
bay, the next step is to develop the schedule of short-tern (interim)
actions to address the highest priority problems. Before the interim
action plan is developed, the contractor summarizes in a report the
ongoing activities and plans of agencies presently Involved in solving
problems of toxic contamination 1n the bay being studied. By also
Identifying gaps in existing activities and plans, this report serves
as a guide for Improving current regulatory and management activities,
and for developing new ones.

Development of the Interim Action Plan

The schedule of actions Included in the Interim Action Plan are
identified and agreed to by the agencies responsible for implementing
the plan. The Interim Action Plan Is unique in its approach to
controlling contamination, in that Its development brings many
regulatory and management organizations together in an Interagency Work
Group to take coordinated action to address particular problem areas
and specific sources of contamination. In a series of meetings,
representatives of the various agencies, including cities, county
health departments, municipal sewer agencies, the state Department of
Ecology, the Corps of Engineers, and the port authorities evaluate data
for each site, identify potential sources, review existing plans and
agree to a strategy of corrective actions. A citizens' advisory
committee, consisting of representatives of all environmental,
neighborhood and user groups, is also actively Involved in development
of the plan.

The type of actions Included In the Interim Action Plan are shorter
tern and focus on enforcement activities and field work. For Elliott
Bay these include:

1. Inspections: Over 73 compliance inspections have been conducted in
the priority problem area of the Lower Duwamtsh and Harbor Island.

2. Enforcement actions. 22 enforcement actions have been Initiated.
Some of these are to require more monitoring data from permittees,
some are for noncompliance of existing permits, some are for
discharging without a permit.
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3. Permitting. S permits are being written for previously
unidentified, non-permitted sources. 4 companies are going to a
recycling system to eliminate discharge and the need for a permit.

4. Modification of permits. 12 permits are being modified, tightening
monitoring requirements, adding requirements for stormwater runoff,
including BHPs for industrial processes such as drydocks.

Implementation of the Interim Action Plan: the Action Team

Carrying out the Interim Action Plan Is the primary responsibility of a
team of personnel located in the Regional Office of the Washington
State Department of Ecology. For Elliott Bay, this "Action Team" has
focused initially on the Duwamlsh waterway where the priority hot spots
and the heaviest industrial development are found. Moving up the
waterway, for each hot spot they list all possible sources, and
determine which are permitted. Site Inspections are done on all
facilities to determine If they are complying with their permit and to
check for Illegal discharges. Permits are reviewed and stormwater and
other controls are added if needed. Unpermitted facilities are
required to obtain permits 1f they are found to be sources of pollutant
discharges.

If necessary, a warning letter Is sent specifying what the facility
needs to do to correct any problems. Administrative orders are used to
get the facility Into compllance, and can Include a penalty. If a site
is contaminated, the Action Team will attempt to get the facility to
clean up the site using whatever authority 1s available through state
law or local ordinances* If all else fails, they will turn it over to
the state Superfund program.

Enforcement and permit responsibility for all environmental programs
under Ecology Is located within the regional office, and there is close
coordination between the members of the Action Team and other regional
enforcement staff. This coordination enables them to bring to bear
whatever program authority 1s applicable to addressing each hot spot.
It Is an efficient approach - Instead of several inspections, they do
one, and Instead of several different enforcement actions, they can
combine them Into one.

The coordination extends beyond Just Ecology. The Action Team has a
close working relationship with the water pollution control and
industrial waste sections of the local sewer utility, Seattle Hetro.
Hetro's assistance Includes data-gathering, joint inspections, chemical
analyses of samples, site cleanup projects, and Metro enforcement
actions for companies violating municipal discharge requirements.
Ecology and Hetro staff meet on a monthly basis to discuss enforcement
activity and coordinate future site Inspections.

Development and Implementation of the Sampling Program

The objective of the urban bay sampling program is to fill major data
gaps In order to better define toxic hot spots, identify associated
sources, and prioritize problem areas and sources for control actions.
Sampling stations for each study component are positioned to fill gaps



In spatial coverage of previous studies, and to provide
characterization of pollutant sources. Each study component provides
data for a specific environmental Indicator (e.g., sediment chemistry,
benthic infauna). The use of common sampling sites, (e.g., sediment
for chemical analyses and bioassays are taken from the same samples),
sampling methods, and sampling times is used to assure that valid
comparisons may be made between the parameters measured at each station.

Sampling and analysis of pollutant sources is also conducted. These
new data are used 1n conjunction with existing data to evaluate the
relative Importance of different sources of pollution in terms of Input
of individual contaminants (or chemical classes). When possible,
environmental Impacts are related to specific sources. CSO and storm
drain sampling are conducted to determine maximum and minimum
contaminant loadings to the waterways. The Action Team does
supplemental sampling within storm drains where necessary to trace
contamination to the individual sources.

Revised Action Plan

With the completion of the supplemental sampling and analysis, the
Interim Action Plan will be revised to reflect the additional data and
greater precision. The emphasis on early, short-term actions will also
shift to Include more long-term actions designed to eliminate sources
of pollutants. These Include the following:

Additional characterization of those storm drains and CSOs which are
sources of contamination. In Commencement Bay, for example, the City
of Tacoma. working with Ecology, Is surveying potential sources to
identify the location of toxic Inputs to specific storm and CSO
drains. As control measures are applied to each source, the drain is
monitored to track Improvements in sediment and water quality. Similar
work 1s being conducted by Metro and the City of Seattle for Elliott
Bay. Control of CSOs is required for all municipalities under state
law by the earliest possible date.

Upgrading of permits to Include bioconltoring requirements and toxics
limitations"! Under the Commencement Bay Remedial Action Plan, NPDES
Industrial source permits are being amended to require investigation of
sources of toxics within their systems. As part of these amendments,
effluent particulate matter will be analyzed for problem chemicals and
further sampling and analysis of the sediments off the facilities will
be required. In addition, a tiered approach to biotnonltoring for Puget
Sound dischargers is being developed by EPA with the Involvement of the
Department of Ecology. The btomonltortng requirements will be applied
to those permittees known to discharge toxics to priority problem areas.

Evaluation of remedial actions to clean up major sites of historical
follutton will begin. The Action Plan Is not designed to serve as a
easlbtllty study for remedial actions, but it will Include a schedule

for the evaluation of remedial actions. A remedial action feasibility
study is being done for the Commencement Bay nearshore/tldeflats area
since it is Superfund site. The work that is done there should be
transferable to other action plans. That study will evaluate different
options such as dredging and capping. It will determine if removal of
contaminated sediments Is warranted and how it can best be achieved
(Tetra Tech, 1986).
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Municipal treatment facilities will be upgraded to secondary
treatment! A number of Puget Sound utilities nave not yet attained
secondary treatment levels, but are under enforcement orders to reach
compliance with secondary treatment requirements over the next several
years.

Summary

In several ways, the Urban 9ay Approach takes a different and much more
powerful approach to environmental problem solving than many regulatory
programs.

First, it has a geographic, rather than program orientation. The
problem area is the urban bay, and specific problem sites within that
area are Identified. To address those problems, a variety of program
actions are applied. An analogy is a repairman who uses whichever of
his tools Is appropriate to his task. Those "actions" may involve
permit revisions, enforcement actions, additional monitoring or other
cleanup or remedial activities. The permits may be water penults,
RCRA, air permits, or shoreline permits. The remedial actions may be
covered under Superfund or other authorities.

Second It requires the close coordination and involvement of several
programs and agencies, at all levels of government, inese agencies
must devote staff and resources to the particular urban bay for the
strategy to work effectively. To facilitate that coordination, an
Interagency Work Group is created for each bay with representatives
from all affected agencies and governments. A citizen advisory
committee is also formed. Both groups, established at the very
beginning of the project, are actively Involved In every step of the
plan development.

Third, the Urban Bay Approach places an emphasis on taking action early
to address known problems using existing data where possible. An
interim action plan with a schedule of actions is being implemented
before the detailed sampling and analysis is completed. Essentially
the process is Iterative. A historical search and analysis of data Is
conducted first. Based on this Information, problem sites are
identified and prioritized. Corrective actions for identified problems
are proposed and Implemented. As additional data become available,
through sampling and source site Investigation, the action plan is
revised and refined. But the emphasis is placed on taking early action
to solve Identified problems.
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Tnrrnrlnct-.inn

In 1985 Amendments to the Coastal Zone Management Act of 1972
rename the National Estuarine Sanctuary Program as the National
Estuarine Reserve Research System (hereafter referred to as the
System). In addition to the name change, the amendments place
greater emphasis on the need for biogeographic and ecologic
representation within the System, clarify the System's research
responsibilities and call for enhanced public awareness and
understanding of estuarine areas through education and
interpretation. The original intent of the System to serve as
"natural field laboratories" is still fully supported and will be
better served through the guidance given in the Amendments.

The System currently consists of 16 designated sites and
contains 253,500 acres of estuarine submerged lands, wetlands and
adjacent watershed uplands. When the System is completed, i3
completed, it will include representation from the 27
biogeographic regions which characterize the coastal zone of the
United States, including that of Alaska, Hawaii, and the Caribbean
and Pacific island commonwealths and territories- In addition,
where biogeographic regions are especially large and ecologically
diverse, the System will contain multiple site reserves-

•NOTE: Contribution 41358, Virginia Institute of Marine Science.
This project wa3 supported by Contract NA85AAHCZ112 between the
Sanctuary Programs Office, NOAA, and The Virginia Institute of
Marine Science.
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Background

The Chesapeake Bay is widely regarded as one of the largest
and most productive estuaries in the world. In the classic sense
of an estuary, the Chesapeake Bay is a drowned river valley with a
saline gradient which ranges from tidal freshwater reaches at the
fall line to near-oceanic conditions at the bay mouth. It is a
dynamic system and, because of its immense size and complex
geomorphology and hydrology, it contains a diverse array of
coastal habitats and associated biotic communities.

The Chesapeake Bay forms a separate bigeographic region under
the System's classification scheme (Clark, 1982). Because the Bay
is an interstate body of water and because the estuarine system is
so complex and diverse that it cannot be adequately represented by
a single reserve site, the states of Virginia and Maryland are
coordinating efforts to establish multiple-3ite estuarine reserve
programs. It is hoped that not only will the state programs
compliment each other in terms of site selection and management,
but that collectively the reserve sites will characterize the
entire Chesapeake Bay system.

The Commonwealth of Virginia is the first state in the nation
to design and implement a site selection process for an estuarine
reserve using the guidance contained in the 1985 Amendments.
Under an award from the National Oceanic and Atmospheric
Administration, the Virginia Institute of Marine Science (VIMS)
initiated the process in June of 1985 and by January of 1987 had
completed the first phase of the study which involved site
identification and preliminary evaluation. The next steps will
include site evaluation by a panel of regional coastal ecologists
and final site review by affected state agencies, local government
officials, landowners, and other interested parties.

The purpose of this paper is to report on the findings of the
first phase of the site selection process for an estuarine
research reserve system in Virginia. Work accomplished to date
includes the following: (1) development of a comprehensive
estuarine system classification scheme for the Chesapeake Bay in
Virginia which could be used to identify the biogeographic zones
and ecological features that should be represented in the System;
(2) expansion the System's site selection guidelines to make them
more useful for site evaluation; (3) field surveys of natural
areas in the Chesapeake Bay to identify and verify the ecological
nature of candidate sites; and (4) preliminary evaluation of each
site. Preliminary evaluation was conducted to eliminate those
3ites inappropriate for further consideration because of adverse
on site environmental conditions or current ownership which
precluded their consideration (e.g., land already owned by the
Federal government is ineligible for the reserve program). Sites
already adequately protected by State or private organization as
parks, wildlife refuges or natural areas may not be recommended by
Virginia for dual-designation as reserves, but may serve as



satellites to the reserve system, as will be explained in
following sections.

ClaaaificaUnn firhpnw npypl npmpnr

Several attempts have been to classify physical and
biological components of the Chesapeake Bay environment. EPA
(1983) divided the Bay into physical segments based on
similarities in salinity, hydrology, and turbidity. This scheme
was modified by this study to delineate nine biogeographic
subregions of the Bay: upper bay, middle bay, lower bay east,
lower bay west, tidal freshwater tributary reaches, brackish water
tributary reaches, lower estuarine tributary reaches, bay mouth,
and embayments (Fig. 1). To account for ecosystem diversity
within biogeographic subregions, a number of existing coastal
classification schemes were combined to produce a hierarchial
classification which includes coastal geomorphology (Clark, 1982);
deepwater and wetlands habitats (Cowardin et al., 1979), non-
vegetated wetlands (Theberge and Boesch, 1978), emergent tidal
wetland communities (Silberhorn, 1978), shrub and forested wetland
communities (McCormick and Somes, 1982), and deciduous forests of
the Virginia Coastal Plain (Braun, 1950). The classifications
were regionalized and served as a checklist for identifying site
characteristics to be represented in the reserve system.

ThP Rvalnat-ion Crltftria

The existing System regulations list the factor which must be
taken into consideration when selecting and evaluating candidate
sites. These factors include biogeographic and typological
representation, ecologic value, representation of an entire
ecological unit, degree of onsite disturbance, research
importance, potential for education and interpretation, and
various other management considerations. The regulations, however,
do not provide guidance in application or evaluation of these
factors (i.e., they do not constitute evaluation criteria). This
necessitated the development of evaluation criteria as part of the
site selection process. In consultation with the state of
Maryland, VIMS developed the evaluation criteria described below:

Bino-engraphic R<»prt»sf>nr«r.inn — The site is located within a
subregion of the Chesapeake Bay which is as yet unrepresented
in the multiple site reserve system for the Chesapeake Bay.

This criterion is used to evaluate the site's benefit to the
reserve system (and to the national System) based upon its
representation of a distinct biogeographical subregion within the
Chesapeake Bay. It is used to ensure that all important
biogeographic provinces are adequately represented and that there
is not duplication within the Virginia and Maryland reserve
systems.

Errnlogir Rt>pr(»a«»nr«r ion — The site represents a significant
component of the Chesapeake Bay ecosystem because of the
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Figure 1. Chesapeake Bay Segmentation Scheme used for Estuarine
Research System planning (Environmental Protection Agency, 1983) .



types of geomorphological features and biotic communities
which are found there.

Clark (1962) used the term 'typology' to refer to the
structural and biotic characteristics of a given biogeographic
subregion. These characteristics may vary within, as well as
between, areas of the same biogeographical regional type in
response to climatic or micro-environmental influences. In this
study, the elements of the comprehensive estuarine classification
scheme for the Chesapeake Bay which apply to coastal geomorphology
and vegetative structure and composition, correspond to typology.

The coastal zone of Virginia is structurally and biotically
complex. In addition to the main stem of the Bay, several types
of basins are found throughout the coastal zone, including tidal
rivers and creeks, bays, sounds, embayments, lagoons, and ponds.
Shoreline physiography is characterized by such features as
indented coasts, unindented coasts, peninsulas, spits, inlets,
beaches, dunes, cliffs, barrier islands, bay islands, submerged
bars, intertidal reefs and aquatic beds. The patterns, abundance
and diversity of biota associated with these coastal features is
influenced by hydroiogic factors such as tidal range, duration of
inundation, flushing, flooding, wave energy, circulation patterns
and salinity, and by dynamic processes such as shoreline erosion
and accretion, sedimentation, inlet migration, and island
morphogenesis. The coastal zone and waters of the Chesapeake Bay
provides habitat for a variety of animal species which are
residents or concentrate in abundance during part of the year in
the form of feeding, breeding and spawning, nursery, wintering,
resting and sheltering areas.

F.cologir; valuation — The site contributes substantially to
maintaining or enhancing the ecological quality of the
estuarine environment, as a whole, and the local environment,
in particular, as evidenced by the vital functions it
performs and the societal benefits it provides.

Under thi3 criterion, sites are evaluated according to their
importance to: food chain support; waterfowl and wildlife
utilization; water quality control and maintenance; erosion and
flood control; recreational, scenic and historical pursuits;
fishing, hunting and other consumptive uses; and other support
functions.

Naturalnpgq — The site approximates a natural ecological
unit where ecosystem processes operate relatively undisturbed
by human activities.

This criterion is used to evaluate two essential factors in
reserve selection: (1) assurance that the site encompasses an
adequate portion of key land and water areas to approximate an
ecological unit; and (2) assurance that the site is in a natural
state.
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Natural ecological units are characterized and defined at the
highest levels of the classification system, i.e., by combining
aspects of basin type, shoreline physiography, vegetative
structure and composition, and topography and drainage pattern.
Ecological units can be delineated on maps using cartographic and
photointerpretive standards and limits.

Natural state refers to a lack of disturbance from dredging,
diking, draining, filling, bulkheading, wetland conversion to
agriculture, mining, logging, transportation and utility
corridors, marians, waste disposal, residential, municipal or
industrial development and other forms of human activity that
diminish the natural environmental quality of the ecologic unit.

Research Pnt-gnt-ial — The site provides a natural field
laboratory within which natural processes can be studied over
a period of time to permit the accumulation of basic
knowledge which is essential for understanding the statics
and dynamics of the coastal region and for improving coastal
management decisionmaking.

The objective is to select sites which will serve as natural
laboratories for baseline studies related to ecosystem
characterization and environmental assessment. The goal is to
improve the scientific understanding of the coastal ecosystems and
the ability to make informed management decisions. Factors taken
into consideration in performing the evaluation include:
historical use of the site as a research station; importance of
onsite research to resolving important ecological issues (e.g.,
Chesapeake Bay water quality problem solving),- interest in the
site shown by researchers and managers; and site security and
integrity (i.e., other uses of the site are not in conflict with,
or at the expense of, research).

Rriuoar-lon PofonHai — The site provides excellent
opportunities for educating the public about the Chesapeake
Bay ecosystem.

The objective is to select sites which provide opportunities
to enhance public understanding, appreciation and wise use of the
Chesapeake Bay and its tributaries. Factors taken into
consideration in evaluating a sites value to public education
include the existence and scope of existing or proposed education
programs; ability of the site to withstand low to moderate visitor
traffic; accessibility for field trips, instructional 'hands on'
programs, or self-guided tours; and compatibility of educational
activities with research. In this study, the judgment is made
that natural, fragile, or sensitive areas are not suitable for
intensive public access or education programs and therefore the
rule to be followed in site selection is not to recommend sites
for both research purposes and public access unless the site is of
adequate size and resilience to support both activities without
major disturbance occurring.



Manao-gmgnr conaldpratH onn — The site can be acquired and
managed by practicable means.

This refers to the practicality of designating and managing a
site. The following factors are taken into consideration when
making this decision: willingness of landowner to sell land;
cost; public opinion; size and location of the site (i.e., not too
big and not too remote); and ability of the State to manage the
site with the limited financial resource available from the
national System program and the State.

Sit-o TnonrllHr-aHor,

An initial list of 113 3ites was developed from three
principal sources: (1) an inventory of inland wetlands conducted
for the Natural Landmarks program (Goodwin s Niering, 1971); (2) a
survey of natural areas of the Atlantic Coastal Plain (Center for
Natural Areas, 1974); and (3) a survey of natural areas of the
Chesapeake Bay (Jenkins et al., 1974). Virginia's coastal county
wetlands inventory reports (described by Silberhorn, 1978) and an
atlas of environmentally sensitive coastal areas in Virginia
(Rooney-Char et al., 1983) were used extensively in this study.
Supplimentary information about potential sites was obtained
through discussion with knowledgable people, review of scientific
literature, and field surveys.

Field surveys were conducted from June (1985) to December
(1986) by canoe, kayak, power boat, and foot. An aerial
reconnaissance survey was conducted in April 1986 to provide
further documentation of selected sites.

PraHminary Evaliiat-i on H«»«iilt;fl

Of the 113 sites originally identified for consideration, 77
were eliminated for one or more of the following reasons:
moderate to severe anthropogenic disturbance on the site; failure
to encompass an ecological unit; current ownership by the Federal
Government (e.g., National Wildlife Refuge or Military
Reservation); current ownership by the Commonwealth of Virginia
(e.g.. State Park, Natural Area or Wildlife Management Ara);
adequately protected under Virginia's Wetland Act; or adequately
protected by private means (e.g., The Nature Conservancy and
citizen's initiatives).

Fourteen (14) sites were found to be moderate in value,
primarily because of minor to moderate disturbance onsite, but
have not been completely eliminated because their importance in
experimental, manipulative or restoration research. They will be
forwarded to the panel of experts for final decision.

Twenty-two (22) sites were found to be of high value. These
are sites which provide excellent representation of ideal
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biogeographic and ecological conditions; are in a relatively
natural state (i.e., unimpacted by man's current or past
activities), and encompass an entire ecological unit. For the
most part, these are sites which are the least accessible to man
(such as islands, extensive marshes, and water-logged swamps) and
located in sparsely populated (rural) regions of the Chesapeake
Bay drainage (such as in the York River basin and on the Eastern
Shore of Virginia). The recommended sites are found in the
following biogeographic subregions and drainage basins: tidal
freshwater tributary segment of the Rappahannock, Piankatank,
York, and Chickahominy Rivers; brackish water tributary segment of
the Potomac and York Rivers; lower estuarine tributary segment of
the Potomac, Rappahannock and York Rivers; lower bay, eastern
shore; lower bay, western shore; and embayment of Mobjack Bay and
Tangier Sound. The only province unrepresented is the bay mouth.
The recommended sites represent a diversity of habitat types,
including marshes, forested wetlands, marsh and hummock islands;
bay islands, Delmarva (pocosin) bays; and bay bluffs.

Sat-plUfe Slfoa

During the course of this study, it was realized that many of
the sites eliminated because of current ownership pattern were the
best representatives of a particular biogeographic region,
ecological habitat or community type, or would fulfill research or
education needs because of facilities on site, ongoing programs
and/or long-term institutional commitments to these purposes.
Also, it was realized that many of the sites which are devalued
because of onsite disturbance are valuable because of their
potential for experimental, manipulative or restoration research
and mitigation. To account for areas which do not meet the
criteria for reserve selection because of ownership pattern or
less-than-natural condition, but are nonetheless important in the
overall Chesapeake Bay system, the concept of "satellite sites" to
the reserve system was developed. A preliminary list of satellite
sites has been developed. The management plan for the Chesapeake
Bay reserve system in Virginia will propose a mechanism for
coordinating management, research, and education activities
between the reserve sites in the system and a network of satellite
sites owned and operated by other entities.

Conclusions

The Chesapeake Bay region has a long history of intensive
land and waterways use. The adverse environmental consequences of
these land and water uses have surfaced in the past two decades in
the form of declines in water quality and living resource quality
and abundance. Major programs to protect and restore the
Chesapeake Bay have been idanceted, and millions of dollars have
been spent on a coordinated Bay-wide clean-up campaign. Except
for a few initiatives related to controlling agricultural and
urban nonpoint source pollution, however, the Bay program has
devoted little attention to the role of natural coastal zone areas
in the maintenance and enhancement of environmental quality and



productivity. The National Estuarine Reserve Research System
provides a unique opportunity to set aside representative natural
areas for long-term studies on how these areas contribute to and
are effected by the quality of the Chesapeake Bay system as a
whole. It also provides the opportunity to educate the public on
the values of the Chesapeake Bay system and to preserve the
remaining relict of our coastal heritage.
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This paper describes the early stages of a joint effort by the U.i.
Environmental Protection Agency, the U.S. Army Corps of Engineers,
and the Washington State Departments of Ecology and Natural Resources
to develop sediment quality values for use in Puget Sound. The study
was commissioned in response to a growing need on the part of
federal, state, and local agencies to make decisions concerning the
identification, regulation and management of contaminated marine
sediments. Recent surveys of urban and industrial embayments in
Puget Sound indicate that bottom sediments are the primary sink of
chemical contaminants. Data also Indicate that exposure to
contaminated sediments may be linked to adverse biological impacts in
marine biota, and that consumption of marine organisms exposed to
contaminated sediments could pose risks to human health.

Approach

Ideally, the development of sediment quality values would be guided
by definitive cause and effect information relating the individual
and collective effects of specific contaminants to biological effects
In a variety of aquatic species. To date, very little Information of
this type Is available and It is unlikely that It will be available
in the near future. In the interim, in the interest of protecting
human health and environmental quality, the regulatory agencies with
management responsibilities in Puget Sound must proceed with sediment
management decisions based on the best information available. This
information may be theoretically and/or empirically derived. It is
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on this premise that this sediment quality study was based.

The goals of the study were to evaluate options for sediment
management and to Identify numerical values for concentrations of
chemicals in sediments that appear to be associated with adverse
biological effects in Puget Sound. Specifically, the study
objectives were to:

Compile chemical and biological data from Puget Sound
appropriate for use in the development of sediment quality
values.

Evaluate techniques that can be used to develop chemical
specific values.

Evaluate the reasonableness of the values generated using
different techniques (i.e., their ability to identify sites with
known biological effects).

Evaluate the appropriateness of using the values in different
regulatory applications.

Evaluation of approaches to establishing sediment quality values

Eight possible approaches to establishing numerical sediment quality
values were evaluated based on (in order of decreasing Importance):

The plausibility and scientific defensibility of their
theoretical bases and critical assumptions.

The quantity of data required, and the current availability of
data that could be used to generate sediment quality values
during the project.

The range of chemicals for which the approach is appropriate.

The range of biological effects Information that can be
Incorporated into the approach.

Of the eight approaches reviewed, three were selected as the most
appropriate for evaluation In this study. Selected were the
sediment-water equilibrium partitioning, apparent effects threshold
(AET), and screening level concentration (SIX) approaches.

The equilibrium partitioning approach is based on a theoretical model
used to describe the equilibrium partitioning of nonpolar, nonionic
organic contaminants between sedimentary organic matter and
Interstitial water. A sediment quality value generated by this
approach for a given contaminant equals the sediment concentration
(normalized to organic carbon) that corresponds to an interstitial
water concentration equivalent to the U.S. EPA water quality
criterion for the contaminant. Field data are not required to
generate sediment quality values using this approach, but are



required to validate the sensitivity (I.e., predictive ability) of
the values.

The AET approach estimates concentrations of sedimentary contaminants
above which biological effects (e.g., amphipod mortality during
bioassays, depressions in abundances of indigenous benthic Infauna)
are always expected to occur. An AET for a given chemical is derived
from matched chemical/biological data as the concentration above
which significant (p<0.05) biological effects (relative to reference
conditions) are always observed. The approach was developed for use
with any organic or Inorganic contaminant, and does not require a
priori assumptions concerning the specific mechanism for interaction's
between contaminants and organisms. AET can be developed for any
biological effects indicator that can be statistically evaluated
relative to reference conditions.

The SLC approach estimates the sediment concentration of a
contaminant above which less than 95 percent of the total enumerated
species of benthic Infauna are present. Thts approach was originally
developed and recommended for use with nonpolar organic compounds
normalized to organic carbon content in sediments. However, like the
AET approach, the SIC approach entails no a priori assumptions
concerning the specific mechanism for interactions between
contaminants and organisms, and can be used for organic and inorganic
contaminants. SLC are empirically derived from matched field data
for sediment chemistry and the abundance of individual species of
benthic infauna. Project constraints permitted the testing of this
approach for only three contaminants (napthaiene, high molecular
weight polycyclic aromatic hydrocarbons, and mercury), although
application of the approach is not considered to be limited to these
contaminants.

Generation of sediment quality values

In order to apply and evaluate the selected sediment quality value
approaches, a large database of matched biological and chemical data
was compiled. Eleven data sets were reviewed for data quality and
comparability. Of the 11 Puget Sound data sets reviewed, paired data
from 7 studies were Included in the final database (Figure 1). These
data Included recent studies In Commencement Bay (Tetra Tech 1985),
eight urban and non-urban embayments of Puget Sound (Battelle 1985),
Everett Harbor (U.S. Department of the Navy 1985), and Duwamish River
(Chan et al. 1985). Several data sets compiled by municipal
dischargers were also Included. Using the .three selected approaches,
sediment quality values were calculated for 73 individual or classes
of U.S. EPA priority pollutants and other contaminants, and 3
conventional variables (e.g., total organic carbon).

Summary of Results and Conclusions

The goal of evaluating the sediment quality values generated using
different approaches was to assess the potential use of the values
for various aspects of sediment management. In order to achieve this
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Figure 1. Location of chemical and biological samples Included
in Puget Sound database.



goal, an uncertainty analysis was conducted. The analysis included
two components: accuracy and precision. Accuracy was defined as both
sensitivity (i.e. the ability of values to correctly identify all_
stations In a large data set that are known to have adverse
biological effects based on field and lab tests) and efficiency
(i.e., the ability of values to identify only stations that actually
have biological effects). These two deTTnTtions of accuracy are
Illustrated in Figure 2. Precision was defined as the expected
variability of the sediment quality values given the particular
constraints In the design and use of an approach.

Accuracy of the sediment quality values

In general, the magnitude of the sediment quality values (I.e.,
chemical concentrations expected to be associated with adverse
biological effects) generated by the SLC approach were lower than the
corresponding AET values, which were lower than the corresponding
equilibrium partitioning values. The AET (normalized to sediment
dry-weight, organic carbon content, and percent fine-grained
material) and the .equilibrium partitioning approaches were tested
with respect to their sensitivity and efficiency, that is, the
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frequencies at which they correctly identified impacted stations and
misidentifled nonlmpacted stations. Stations were designated as
impacted or nonlmpacted by Independent statistical comparisons of
biological data to reference conditions. These Impaeted/noniapacted
designations were based on four biological indicators: amphipod
mortality bioassays, oyster larvae abnormality bioassays, Mlcrotox
btoluolnescence bioassays, and benthic Infauna) analyses. A subset
of impacted stations was designated as severely Impacted based on
somewhat arbitrary criteria: greater than 50 percent amphipod
mortality or oyster larvae abnormality, or statistically significant
depressions In the abundance of more than one major taxonomlc group
of benthic infauna (Including Hollusca, Polychaeta, Crustacea). This
subset of severely Impacted stations was only used as part of the
validation check on sediment quality values, and not to generate
sediment quality values.

The 40 sediment quality values generated using the equilibrium
partitioning approach correctly Identified between 13 and 43 percent
of the impacted stations, and between 0 and 46 percent of the
severely impacted stations, depending upon the biological indicator
used for validation. The equilibrium partitioning approach
misidentifled between 0 and 67 percent of the nonlmpacted stations,
depending upon the biological indicator used for validation. Hence,
the equilibrium partitioning approach was not highly accurate nor
efficient (see Figure 2) in identifying problem sediments.

The 64 sediment quality values generated using the AET approach
(using dry-weight normalization) correctly identified between 54 and
94 percent of the impacted stations, and between 92 and 100 percent
of the severely impacted stations, depending on the biological
indicator used for validation. Corresponding AET values generated
from chemical data normalized to total organic carbon content or to
percent fine-grained material in sediments correctly identified
between 37 and 88 percent of the impacted stations, and between 62
and 100 percent of the severely impacted stations, depending on the
type of normalization, and the biological indicator used for
validation. The AET approach misidentifled between 0 and 69 percent
of the nonlmpacted stations, depending on the type of normalization
used for chemical concentrations and biological indicator used for
validation. Hence, the AET approach was highly accurate in
Identifying problem sediments, although the approach was not
highly efficient in Identifying only problem sediments (see Figure 2).

A detailed evaluation of the accuracy of the SCI values was beyond
the scope of the study, because limitations in the database
restricted generation of values to only three chemicals. It was
assumed that such a small number of chemicals could not be expected
to correctly identify all Impacted stations. Hence, a preliminary
evaluation was made only of the number of nonlmpacted stations
misidentifled as being Impacted using each of the three SIC values.
The values misidentifled between 15 and 70 percent of the nonlmpacted
stations, depending on the chemical, type of normalization of
chemical concentrations, and biological indicator used for
validation. The approach warrants further investigation.



Precision of the sediment quality values

The precision of the values generated using each approach was
estimated for selected components of uncertainty that could be
quantified. The uncertainty of the equilibrium partitioning approach
was estimated to range from less than one to six orders of magnitude
of the calculated values, primarily because of uncertainty in the
estimation of theoretical constants and the applicability of water
quality criteria used in the approach. For a given set of field
data, the uncertainty of the AET approach was estimated to range from
much less than one to two orders of magnitude of the values
generated, primarily because of potential misclassiflcatlon of
nonlmpacted stations that are used to define the AET. A statistical
evaluation of the precision of the SIX values was beyond the scope of
the study, but has been evaluated elsewhere (Battelle 1986).

Recommended uses of sediment quality values

The sediment quality value study involved identification of a range
of chemical values that can be applied in sediment management, but
did not identify the specific values which agencies should adopt for
regulation or how these values should be used In different regulatory
programs. Interagency technical and management workgroups are
currently in the process of evaluating the ranges of sediment quality
values identified during the study and identifying specific values
for different regulatory uses in Puget Sound. The U.S. EPA, U.S.
Army Corps of Engineers and the Washington State Department's of
Ecology and Natural Resources are in the process of adopting sediment
quality values (based on application of the AET approach) that can be
used 1n combination with biological tests to regulate the open-water
disposal of contaminated dredged material. In the coming year it is
anticipated that sediment quality values will also be identified for
use as a tool In classifying and prioritizing areas for source
control and remedial action, and in establishing discharge limits for
particulates in effluent that are protective of marine sediment
quality.

Although sediment quality values are being Identified for use 1n
Puget Sound, the agencies Involved consider the values to be
interim. As additional laboratory Information concerning
chemical/biological cause and effect relationships is developed, and
as supplemental field data becomes available, recommended sediment
quality values and the approaches to establishing and using those
values are expected to change.
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YMwrtm water Pollution Control fntrsaa

In cities bordorlng estuaries sewage collection Is necessary
to prevent disease. That solution to a public health problem
becooes an environmental problem when raw sewage or Inproperly
treated effluent Is discharged into an estuary. A variety of
treatment processes exist for sewage and by careful selection
disease say be controlled. In addition the estuary say be enhanced
for a variety of uses.

The sewage collection system commonly combines the wastewater
from homes and industry with that from street drainage (EPA,
1980). At the sewage treatment plant the primary stage entails
the settling and removal of solids from the waste stream. A
secondary stage of treatment further purifies the water by
retrovirus organic material froo the water by saturating it with
air, and in cost cases, adding biologically active sludge.
Tertiary or advanced treatment techniques Include extensions of
biological treatment and physlcal-cheaical separation techniques.

Selection of the technologies has depended upon a combination
of factors. Prior to 1972 the ambient quality of the receiving
water body was the determinant of the level of treatment required
for the sewage. Individual municipalities could make progress
under this system given favorable local political and economic
conditions. However, in 1972 the Federal Water Pollution Control
Act Amendments insisted on secondary treatoent. To facilitate
this upgrade Congress appropriated over $40 billion in 12 years
(Bastian, 1966).
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The 1972 amendments clearly stated that the goal was to reduce
potentially harmful discharges from publicly owned treatment works
(POTW's) through increasing tho coverage and level of treatment.
In addition the law mandated national pollution discharge
elimination system (NPDES) permits to survey discharges and to
Impose specific requirements for different classes of Industries.
These two actions became the eornoratone of the national water

pollution control strategy. Sowage treatment at the mandated
secondary level should remove 85-90) of suspended solids and five
day BOD, 10-30% of nitrogen and phosphorous, and 15-651 of the
heavy metals from the wastewater (Mueller and Anderson, 1983). In
addition, chlorinatlon in advance of final discharge reduces the
levels of certain pathogens. Tho 1IPDES program through effluent
limitations for industry also mandates reductions in the levels of
potentially harmful materials being discharged from other point
sources.

Estuaries should be substantial beneficiaries of this national

water pollution control program. Therefore an important remaining
ouoBtlon concerns the environmental outcome of this governmental
program.

Evaluation of Program Outcome

As defined by Wholey et al (1970), "Evaluation (1) assesses
the effectiveness of an on-going program in achieving its
objectives, (2) relies on the prlnolples of research design to
distinguish a program's effects from those of other forces working
in a situation, and (3) alms at program Improvement through a
modification of current operations." Evaluation of the
effectiveness of social programs began with consideration of Great
Soolety programs (Wholey, 1970), and tha methodologies for these
analyses continue to evolve (Hoole 1978, GA0 1983, Rutcan, 1984).
Ultimately they rely on the identification of program goals, the
Instruments to achieve them, and some measurement of results. The
analysis Is structured to suit the speolflc question, and the
results are tempered with statistical techniques to Insure that
appearances are indeed reflected in objective measurements.

The focus on program outcome is an important one to
emphasize. Outcome emphasizes actual changes achieved to reaoh
the goal desired as opposed to intermediary measures or outputs.
In the terms of estuarine management a program cutout may be for
example a regulation, the number of permits processed, or an
allocation of funds. An outcome In an estuarine program is an
Improvement in water quality brought about by governmental
aotlon. Using the quasi-experimental methodology to discern the
effectiveness of governmental actions is the subject of this
discussion.

What In A OunHl-eTPariment?

A quasi-experioent is one that does not include all the
components of an Ideal experiment. An Ideal experiment in the
natural scienoes will have several elements (Caporaso, 1971).
They include a dependent variable that we wish to explain and an



Independent variable that is assumed to be causally prior to it.
Manipulation occurs when the experimenter Intentionally altera the
Independent variable. Usually there are a number of confounding
variables and rival explanations which one attempts to eliminate
through a control. Then, if repeated manipulations of the
independent variable produce changes in the dependent variable,
one concludes the Independent variable had an effect.

Social programs such as pollution control are
quasl-experlments (Roos and Bonner, 1973). One variable is
manipulated through the apparatus of government with the hope that
the desired change will ensue. The evaluation of results is
difficult because these experiments contain some but not all
elements of of the ideal natural science experiment. As a result
the task for the analyst is to design an approach that compensates
for these weaknesses and hence leads to valid causal Inferences.
The challenge is to use the logic of experimentation in situations
that do not meet all the requirements of an ideal experiment.
Primary among tha obstacles in a quasl-experlment is the faot that
the random assignment of units and the control of treatments are
beyond the grasp of the investigator. Information concerning
events that have occurred must be extracted from records that were
not necessarily kept to test the hypotheses of lntorest. The
method emphasizes improvements In design over advanced data
analysis as a means to infer cause.

For a reasonable chance of success the quasl-experlment must
Include several elements of logic that parallel those of an ideal
laboratory experiment (Caparaso, 1973). Plrst, the independent
variable must shift enough through a known manipulation to produce
a reasonable expectation of a change in the dependent variable.
Seoond, the effect of the change of tho •independent variable on
the dependent variable must go beyond that produced by chance
alone. Third, plausible rival hypotheses must be examined and
ruled out to support the case for a causal relationship.

Estuarine Pollution Control as A Ouasl-Excerlment

Governmental goals for water quality and expenditures for
instruments, the sewage treatment plants, are tho basis of the
hypothesis that sewage treatment plants reduce estuarine water
pollution. The Independent variable is the Initiation of plant
functioning and the dependent variables are amounts of pollutants
in the estuary. Testing the hypothesis requires the assembly of
pertinent, accurate data on water quality in the estuary and
possible influences on it including and beyond the cause
hypothesized. The latter can be important because the strategy of
a quasl-experlment is to identify correlation and to distinguish
correlation froi" causation (Hoole, 1978). The approach requires
the systematic testing of rival explanations before Judgements
about cause may be rendered. Ultimately the acceptance of the
hypothesized cause is dependent upon careful analysis of the
individual situation. The cause must precede the effect in time.
Treatments must covary with effects. There must be no more
attractive alternative explanations.
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These alternatives or rival hypotheses provide difficulties In
estuaries. A systematic consideration of how rival hypotheses
might affect experiments has identified four categories of threats
to validity (Cook and Campbell, 1976). Some are important in
drawing conclusions about the specific oaae at hand while the
others are important in generalizing across situations or
developing theories. Internal validity, one of the first types of
threats, conoerns whether the relationship specified actually
exists in the circumstances examined. In tho case of the estuary
no change in water pollution after the Initiation of increased
treatment would lead to questioning the hypothesis. Seoondly,
statistical conclusion validity requires examination to determine
whether the presumed impact was a statistical artifact. In the
estuary the pollution load must decrease with sufficient magnitude
bo that the change can be attributed to factors other than
ohanoe. The third type of threat, external validity, raises the
question of whether the results would be the same in a different
time or place. If for example flushing rates in estuaries vary as
they do, these ohanges in rate may substantially affect the
Influence of the plant. Finally, construct validity issues focus
on problems of generalizing from the operational measures to
theoretical constructs.

A time series design Is ono of the many that are applicable to
evaluation (Cook and Campbell 1976). Data concerning pollution In
the estuary are collected before and after the Initiation or
enhancement of the treatment plant. With this series of before
and arter measurements the question then becomes did tho event
have an effect? Subject to the constraints described earlier one
wants to know not only whether there was a change but whether it
can be attributed to the proposed cause and whether it can be
generalized to other circumstances.

Pollution has been referred to In a general manner. It will
be helpful now to look at it as specific water quality
parameters: dissolved oxygen, nutrients, metals, and bacteria.
The technology of the plant as described earlier will influence
the loading to the estuary associated with each one of these
parameters. The fate of the material we wish to observe will be
affected by physical, chemical, and biological processes within
the estuary. Conservative properties, those whose values do not
change during specified processes, are easier to draw conclusions
from than nonconservatlve properties that can be substantially
altored during a short period of time in the receiving waters.
Metals are more conservative than the other three classes which
aro rapidly Influenced by biological processes.

Assuming that a change of one of these dependent variables is
appropriately correlated with an upgrade of plant activity,
threats to internal validity must be considered. Was a decroase
in metals in the estuary attributable to a deoline in
manufacturing in tho watershed as opposed to greater effloienoy in
metal removal at the sewage treatment plant? Another data series,
the type and value of manufacturing good3 shipped, would be
necessary to examine this. Other factors suoh as population
change could have similar impacts.



Possible outcomes of the experiment give an indication of its
utility in program evaluation. Representative observations of
oxygen In estuarine bottom waters from years before and after the
institution of secondary treatment are an example. If oxygen
demanding wastes are primarily from industrial, combined sewer
overflows, or non-point sources and one or core of those sources
increases an accelerated decline in oxygen in the receiving waters
might be noted even after enhanced sewage treatment.
Alternatively, if the pollutants from sources other than the
treatment plant remain the same but are dominant the treatment
plant could have no effect and the doc line would continue.

Finally, if the plant is the appropriate response, oxygen
depletion In bottom waters might level off or, with a lag in time,
increase.

Reality is unlikely to neatly fit any one of the scenarios
described and a trend between continuing decline at the same rate
versus leveling off or increasing would provide an Interesting
challenge for interpretation. Here the use of non-equivalent
dependent variables may be useful to identify alternate causes
(Hark and Cook, 1986), Nitrates aro minimally affected by
secondary treatment. Some analyses (Freeman, 1978) indicate over
three quarters of them come from non-point sources. A series of
nitrate observations in the estuary, if not confounded by
biological activity, might clarify matters. The nitrates are a
dependent variable that should not decrease from the institution
of secondary treatment. Their increase over time could Indicate
that non-point sources are the dominant factors affecting water
quality In the estuary.

Conclusions

Future actions in estuarine management can benefit from an
understanding of the effectiveness of past programs. Thus,
program evaluation using historical data concerning the estuary in
question Is an Important aspect of management. Previous program
evaluations focused on the Impacts of government actions in social
programs have successfully used quasi-experimental analysis to
understand similarly complex problems.

The approach fccuses on experimental design in preference to
statistical manipulations. It requires an abrupt event which is
tied to the government program under consideration. A major
strength of the approach is that it forces clear statements of
program goals, program Instruments, and expected program outcomes
in the estuary. When these environmental outcomes are complex,
careful consideration of experimental design may lead to useful
evaluations. 0ua3i-experimental analysis is an intermediate
ground between a detailed natural science explanation and
evaluations based on intuition. It Is applicable to a variety or
situations, follows an experimental protocol, and, only after
considering rival hypotheses, reaches conclusions about causes.
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INTRODUCTION

In recent years, hurricanes have had a great Impact on offshore oil
development in addition to posing threats to residents of coastal regions
and causing extensive economic damage. Hurricane Camllle (1969) caused
262 deaths and record tidal surges of 22.9 ft. (6.9 a) in Mississippi.
Three offshore platforms were affected; the first was completely
destroyed, the second was severely damaged and removed from the offshore,
and the third platform suffered damages but was repaired and reused
in another area. The damage to these three platforms, plus 5,997 ft.
(1,828 •) of pipelines, exceeded $40 million.

Other hurricanes which have caused destruction to offshore development
are as follows: Hurricane Hilda (1964) destroyed six platforms;
Hurricane Carmen (1974) caused four pipeline breaks; Hurricane Eloisc
(197S) caused one pipeline break; and Hurricane Bob (1979) caused one
pipeline break (DcUald, 1982).

OVERVIEW OF 1985 HURRICANES

Tropical Storm Bob (July 1985) hit the Florida coast in the vicinity
of Naples/Ft. Myers with 50 mph winds and heavy rains totaling 11 inches
in a 24-hour period. No injuries wero reported and only minor damage
resulted to properties along the coast.

The southwest coast of Louisiana was hit by Hurricane Danny (August
198S) with guata of winds reaching 100 mph. Flash floods, tornadoes,
and power failures resulted which forced hundreds of people from low-
lying homes. No deaths resulted from the storm.
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The evacuation of more than 500,000 people from Louisiana to Florida
was the result of Hurricane Elena (September 1985). Although she caused
millions of dollars worth of property damage, no deaths or serious
injuries resulted. Winds were recorded up to 125 mph, and at least
10 tornadoes were sighted.

Hurricane Juan (October/November 1985) intensified so quickly that
the offshore oil and gas industry was unable to evacuate personnel
on many rigs and platforms. As a result, massive rescue of more than
140 people was performed by the U.S. Coast Guard. When the legs
collapsed on a Ponrod 61 drilling rig, 43 people evacuated into escape
capsules; however, one capsule swamped, which resulted in the death
of one crewman. By October 31, Hurricane Juan had come within 60 miles
of Hew Orleans. Seven lives were lost and 50,000 homes were flooded.

Hurricane Kate (November 1985) was the first November storm to hit
the U.S. coast in 50 years. About 100,000 people left their homes
before the storm hit the Florida panhandle. Sixteen people, including
10 in Cuba, lost their lives. Kate's winds were recorded at 75 mph
and up to 8 inches of rain fell in some areas.

Natural Resource Losses in the Central Gulf Area

Hurricanes and winter storms are major contributors to the destruction
of Louisiana's barrier islands. High wave energy and the associated
storm surges erode the land areas, particularly the shorelines.

The 1985 hurricanes resulted in hurricane levee failure and North Shore

beach erosion at Lake Pontchartraln; beach erosion of 25-75 ft., breach
ing, dune destruction, and backbarrier de-vegetation at Chandeleur
Islands; beach erosion of 25-75 ft., breaching and backbarrier de-vegeta
tion at Plaquemines barrier shoreline; beach erosion of 25-100 ft.,
breaching, dune destruction, seawall failure, partial hurricane levee
destruction, and backbarrier de-vegetation at Bayou Lafourche barrier
shoreline; beach erosion of 24-100 ft., breaching, dune destruction,
and backbarrier de-vegetation at Isles Demieres; beach erosion of 20-50
ft., breaching, and wildlife refuge damage at Teche Basin, and beach
erosion of 20-60 ft., breaching, and wildlife refuge damage at Chonier
Plain (Penland et al., 1986).

Impacts of Hurricane Danny on wildlife in the State of Louisiana were
heavy. Alligator nests and eggs were destroyed throughout the marshes
from Pecan Island to Pearl River, including north of Vermilion Bay,
West Cote Blanche Bay, East Cote Blanche Bay, and Atchafalaya Bay. Deer
on Harsh Island were severely impacted (50 percent loss) and an unknown
number lost at other wildlife refuges. Thousands of nutria and muskrat
carcasses along with raccoons, rabbits, and clapper rails were found
in the Louisiana coastal areas. It was estimated that 60 to 70 percent
of the nutria population was lost. Much of the vegetation, except
wiregrasa, was burned from high salinity water (Tarver, 1985a).

Hurricane Juan adversely affected the Louisiana shrimp industry.
Considerable debris and detritus were deposited on tho shrimping grounds,
resulting in losses to fishing gear and a loss of fishing time. The



storm dispersed the population of shrimp, caused premature immigration,
resulted in some shrimp mortalities, and resulted in a decrease in
shrimp landings (Chatry, 1986).

Ninety percent of the Alabama oyster resources were lost as a result
of Hurricane Elena. All major reefs—Cedar Point, Buoy, and Kings
Bayou—were impacted. The most productive reef. Cedar Point Roof
(Mobile County), was virtually destroyed. Estimates were that restora
tion of 1,184 acres of reef area by planting adequate cultch material
should result in replacement of the loBt oyster resources within a period
of 1.5-2.0 years, providing adequate spat set occurs (Tatum, 1985).

Damage estimates of the 1985 hurricanes off the Mississippi coast
resulted in the death of approximately 10,000 marine birds (primarily
eastern kingbirds, oven-birds, rails, herons, and egrets) and in a
massive nutria kill (Thomas, 1986).

Natural Resource Looses in the Eastern Gulf Area

Hurricane Elena affected the beaches and shores of the Florida
coast from Escambia County through Sarasota County, a shoreline distance
of about 494 statute miles. Balslllie (1985) performed a Type I erosion
value analysis relative to Hurricane Elena's effects on Florida beaches
and shores. This was an average for sampled profiles where only erosion
occurred. Through this analysis, it was determined that beach and coast
erosion volumes for Pinellas, Pranklin, Gulf, and Escambia Counties
ranged from 8.3 to 15.6 cubic yards per shorcfront foot of coast. The
average erosion was 10 cubic yards per foot.

At tho St. Vincent NWR, tho 1985 Gulf of Mexico hurricanes resulted in
the death of five deer; tvo loggerhead sea turtle nests and both eagle
nests on the island were destroyed (Holloman 1986) . A dolphin was
temporarily stranded on tho beach and there were massive fish kills in
the freshwater lakes on the island. Many trees and understory vogota-
tion were destroyed or damaged. At the St. Marks NWR, seven eagle nests
were destroyed, fish were killed in an impoundment, and some trees were
destroyed or damaged (White, 1986).

Economic Looses in the Central Gulf Area

offshore losses to the oil and gas industries wero extensive. Some of
the losses follow: Bright (1985) reported thata Ponnzoil 6 inch pipeline
at South Pasa Block 78 broke three times during the 1985 hurricanes,
resulting in estimated repair costs of $800,000 from Hurricane Juan and
$1,600,000 from Hurricane Elena. Wallis (1985) estimated $36,000 for
replacement of three Southern Natural Gas motor station sheds and
$5,000,000 to replace and put back in operation an 18-inch pipeline at
South Pass Block 60. Linton (1985), with Chevron Pipeline Company,
estimated that Hurricane Juan resulted in a $1,000,000 mudslide pipeline
break at South Pass Block 78. Other Chevron Pipeline Company replace
ment/repair cost estimates for Louisiana onshore and offshore facilitiea
as a result of Hurricane Juan included: $368,800 for an oil treatment
terminal at Main Pass Block 69; $287,000 for a Fourchon oil treatment
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terminal; $220,000 for an oil storage facility at Bay Marchand; $4,000
for a business office/shop at Leevllle; $38,000 for an oil storage
facility at Empire; $83,000 for West Delta tank battery; and $81,000 for
personnel evacuation. Production platforms were damaged in several
offshore areas including South Timbalier, Ship Shoal, Eugene Island,
Vermillion, Dostin Dome, and Mobile. The Coast Guard (1986) reported
vessel casualty damage at almost $9,000,000 and $1,000,000 as a result
of Hurricanos Elena and Danny, respectively.

The seafood industry suffered total damages in excess of $54,000,000
as a result of the 1985 hurricanes (Dawley, 1986). In Louisiana, this
included damages to 50 seafood plants, 9 vessels, 1 machine shop and
the destruction of 1 plant and 4 vessels. This, including industry-
related damage, resulted in losses of $3,143,000 (Simpson, 1986). In
Mississippi, Hurricane Elena damaged 30 seafood plants and destroyed
another, damaged 8 vessels, caused considerable plant and equipment
damage to 3 local shipyards, and caused significant industry-related
damage, which resulted in total damage estimates of $2,386,500. In
addition, Tatua (1985) requested $1,492,088 in disaster funds to be used
in replanting three very productive oyster reefs in the coastal area of
Alabama. The economic loss from the 1985 hurricanes to the Alabama
oyster industry was $48,000,000.

The Louisiana Department of Wildlife and Fisheries summarized hurricane
impacts on Louisiana's wildlife refuges and management areas (WMA's)
as follows: Hurricane Juan damaged the Pass-A-Loutre HMA headquarters
and destroyed equipment there in the amount of $17,054; damaged the
Salvador WMA headquarters, destroyed equipment, and damaged a levee
and water control structure with a cost estimate of $73,000; and damaged
the Pointe-Au-Chien WMA headquarters, destroyed equipment, and damaged
levee and water control structures in tho amount of $539,797. Damage
cost estimates at the Marsh Island Refuge totaled $13,346,140 for
equipment roplacement, equipment repairs, levee and water control
structure repairs, and for miscellaneous repairs including the replace
ment of boundary signs and lost lumber. Losses at the Atchafalaya Delta
WMA for damage to the generator and storage sheds, equipment roplacement,
and loss of shell on a ring levee totaled $32,400. At tho State Wildlife
Refuge, the cost estimate was $918,840 for headquarters repairs, levee
and water control structure repairs, and miscellaneous damage repair.
Levee and wator control structure repairs, along with some miscellaneous
repairs, were estimated at $13,898,000 at Rockefeller Wildlife Refuge.
At St. Tammany Refuge the cost estimate was $1,161,000 for levee and
water control structure repairs. Restoration of the levee shoreline
at the Manchac Management Area was estimated at $1,650,000 (Tarver,
1985b).

Estimated costs for highway repair and related damages by the Louisiana
Department of Transportation and Development for Hurricanes Danny and
Elena were $453,640 and for Hurricane Juan $1,957,139 (Creagon, 1985).
Road/road-rolated repair coots in coastal Alabama for Hurricane Elena
were $561,000 for Baldwin County and $156,500 for Mobile County
(Poiroux, 1986.)



Hurricane Juan resulted in a $194,663,585 agricultural economic Iobs
in Louisiana. This included $174,934,146 for crops, $11,951,664 for
soybean quality loss, $5,686,500 for total inaovablcs (farm buildings,
mobile homes, service buildings, equipment and land damage), $450,250
for livestock, and $1,641,025 for aquaculture (Byrd, 1986).

The 1985 hurricanes resulted in impacts on schools, public offices,
and other facilities/operations in Louisiana. The American Red Cross
(1986) reported that it provided $8,000,000 in assistance to families
in south Louisiana as a result of Hurricane Juan and $400,000 as a

result of Hurricane Danny.

Hurricane Danny forced a major evacuation of the Mississippi coast.
It cost property owners in Mississippi an estimated $51,000 in damages.
Hurricane Elena was particularly devastating to the area, with damage
estimates of more than $500,000,000. Approximately $500,000 to $700,000
in damages, duo to flooding, were the results of Hurricane Juan (Sun
Herald, 1986).

Total cost estimates reported for 1985 hurricane damages to the coastal
counties of Alabama were: $336,969 for State agencies; $1,041,620
for Baldwin County, and $1,722,806 for Mobile County. These were
estimates for eligible applicants under the Public Assistance Program
(Bennett, 1986).

Economic Losses in the Eastern Gulf

Balsillie (1985) conducted Type II volumetric erosion values relative to
Hurricane Elena. These values included all profiles regardless of gain
or loss of beach/coast. From those values, it was suggested that the
lower Gulf and panhandle coasts of Florida resulted in $12,400,000 to
$22,900,000 of beach and coast erosion damages.

As a result of the damage to the Apalachicola oyster reefs from Hurricane
Elena, $1,570,000 was requested for emergency funding under Chapter 4.B.
of the Marine Fisheries Research and Development Act (PL 88-309) to
reconstruct natural oyster reefs (Simpson, 1986). Estimated losses in
potential oyster production in Apalachicola Bay's Cat Point Bar and
East Hole Bar exceeded $30,000,000. Estimated losses in potential dock-
side revenues from harvests exceeded $6,000,000 (Berrigan, 1986).

Hurricane Elena resulted in replacement/repair cost eatimates of $128,500
for the St. Vincent NWR. At the St. Harks NWR, cost estimates to repair/
replace items damaged by Hurricane Elena were estimated to be $49,000.
Hurricane Kate resulted in $40,000 worth of damage to the refuge (White,
1986). Cost estimates for damages to the Gulf Islands National Seashore
in Gulf Breeze, Florida, were in excess of $72,000. Uninsured damages
on Florida's state parks as a result of Hurricane Elena were estimated
at $702,664 (Barber, 1986). Hurricane Elena damages expected to be
covered by insurance on Florida's state parks were estimated at $52,684
(Barber, 1986).
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U.S. Highway 98 damage estimates wore $750,000 for Hurricane Elena and
$1,500,000 to $2,250,000 for hurricane Kate. The 1985 hurricanes result
ed in $2,500,000 to $3,000,000 in damages to the St. George Island Cause
way. Miscellaneous highway damages in Gulf County amounted to $50,000
(Spangenbcrg, 1986).

Conclusion

Tho 198S Gulf of Mexico hurricanes were both environmentally and eco
nomically devastating. In the Central and Eastern Gulf of Mexico areas,
coastal erosion and land loss were tremendous. Wildlife losses wero
fairly heavy in tho Central Gulf aroa but appeared to bo less in the
EasternGulf area. Oyster resources were heavily Impacted in the Central
Gulf area (Mobile Bay) as well as in the Eastern Gulf area (Apalachicola
Bay). The oil and gas industries suffered millions of dollars in losses
in the Central Gulf. Wildlife facilities and parks suffered heavy
economic losses in both areas. Likewise, highway damages in both areas
wore in the millions of dollars. Agricultural damagos wore heavy in
tho Central Gulf area. The 1985 hurricane season serves to underscore
the continued importance of sound evacuation procedures and safety
measures for the offshore industry, fishermen, wildlifo managers and
local residential coanunities.
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IMPROVED QUANTITATIVE ASSESSMENTS
OF ENVIRONMENTAL HAZARDS

Donald T. Resio
Offshore & CoastalTechnologies.Inc.
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Vicksburg. MS 39180

One of the majorproblemsfacing decision-makers todayrelates to the lack of quantitative
guidancethat they receive fromscientistsandengineers. Measurements from varioussourcesare
frequently piecemeal anddo not provideanoverviewof theenvironmental concerns. Sophisticated
models aredeveloped and then appliedto only a small rangeof selectedconditions. Conflicting
hypotheses are oftenput forward based onthese sparce data andinterpretations of environmental
interactions. This often leaves the decision-making process primarilydictated by bureaucratic
considerations.

A statistical methodology for obtaining a better quantitative characterization of
environmental hazards is used to obtain improved quantitative estimates of risk. This statistical
technique is basedon aconvolution of spatial fields andcanbe usedto obtainimprovedestimates
of univariate and multivariate distributions of parameters. In turn, these distributions can be
integrated toobtain risksof threshold exceedance, durations of exceedance conditions, andrange
ofconditions leading up to the exceedance.

In overview of the FEMA-defined flood zones applied in southern Louisiana it was
shown that the older methods used to define these levels appearto be quite over-conservative.
Second, ananalysis of theuseof this technique to evaluate thehazards due to encountering spills
(oilor toxicmaterials) hasshownthatthese riskscanbequantitatively evaluated in a fashion that
can provideuseful guidanceto decision makers.

One of the majoradvantages of this new methodology lies in the increased ability to
predict environmental extremes. Inapplications tooffshore wave-related hazards in theGulfof
Mexico, it has been shown to provide approximately 10 times more information than a
conventional site-by-site analysis. Another advantage is inherent in theability of thistechnique to
estimatenonlinear multivariate relationships amongseveral environmental parameters. Standard
multivariate statistical methods (such as multiple regression, canonical correlation analysis,
principal componentanalysis, and factor analysis) areallbasedon linearalgebra andaredifficult to
apply in situationswhere interrelations arehighly nonlinear(such as the relationships between a
direction quantity and a speed quantity).
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LAND LOSS, ITS REGIONAL IMPACTS
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Abstract only

Two-thirds of the world's population and more than 40 of its largest cities are located in
coastal areas. In the United States 75% of the population lives in close proximity to the sea.
Human occupancy within 2 kilometers of the ocean shore is now increasing at more than three
times the national growth rate.

These cultural elements and associated physical forces are the shorelines worst enemy.
Together, they are also responsible for the loss of a considerable portion of America's wetlands.

In the United States,between 1955and 1975,estimatesof wetlandlosses rangedas high
as 220,000 hectares annually, most ofwhich was attributedto human activities. Louisiana may be
the best example of coastalproblemsin theUnited Statesbecauseits coastlinehas changedmost
often. Partsof the state'scoast aredisappearing at more than 30 meters a year.

With 41% of the country's coastal marshes, the destruction of Louisiana's alluvial
wetlandsis serious. Acceleratedby an estimatedsealevel rise of 1.2 mm/year and a subsidence
rate thatexceeds 40 mm/year at the Mississippi delta, Louisiana is losing some of its most valuable
land. Thestate annually loses 103J km2 of itscoastal marshes - every 49minutes another hectare
becomes open water. For the first time in recent history, the region is changing from an areaof
net land gain to an areaof net landloss. The landthatis lost is not site specific, but includes the
entire coast. No sections are spared.

The barrierislands areretreating,coastalhighways are falling into the Gulf of Mexico,
and, in general, the region's "first line of defense" against hurricanes is threatened. Further,
saltwater intrusion isendangering thearea's drinking water and aquatic habitats. The problem is
acute. Numerous local, state, and federal agencies have initiated "solutions" that include
everything from beach nourishment, tothe possibility ofredirecting the Mississippi inan attempt to
try to correct the problem. Nevertheless, the future will present some interesting problems, since
"high" land, already scarce, will be at a premium. The cumulative economic effect will be
measured in the billions of dollars.
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RELATIVE SEA LEVEL RISE AND SUBSIDENCE
MEASUREMENTS IN THE GULF OF MEXICO BASED

ON NATIONAL OCEAN SURVEY TIDE GAUGE RECORDS
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Introduction

Coastal erosion in Louisiana

Louisiana is experiencing the most severe land loss and barrier island
erosion problem In the United States (Fig. 1). Land loss rates in the

Mississippi River delta plain exceed 102 km2 per year (Gagliano et al.
1981). Louisiana experienced a decrease in total barrier island area of

about 37 percent, from 92.4 km2 to 57.8 km2 between 1680 and 1979 (Pen-
land and Boyd, 1981, 1982). Current predictions indicate the entire
Plaquemines Parish delta plain will be converted into open water within

52 years, based on a land loss rate of 35.73 km2 per year and that the
entire Terrebonne delta plain will be converted into open water within

102 years, based on a land loss rate of 27.7 km2 per year (Gagliano et
al., 1981). Between 1887 and 1979, the Terrebonne Parish barrier

islands decreased in area from 48.3 km2 to 18.3 km2. At a rate of 0.326

km2 these islands will be converted to submerged sand shoals in 56 years
(Penland and Boyd, 1981; Fig. 2). Rapid relative sea level rise induced
by delta plain subsidence and combined with a deficit of terrigenous
wetland sedimentation are the primary factors driving the rapid deteri
oration of the Louisiana coastal zone.

Previous sea level rise studies

Previous Investigations have documented that the analysis of tide gauge
records is a valid technique for measuring relative sea level rise and
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North America (Gagliano et al., 1981).
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subsidence in Louisiana (Manner, 1952, 1954; Gornitz et al., 1982;
Hicks, 1978; Hicks et al., 1983; Pirazzoli, 1986; Penland et al., 1987a,
1987b). A comparison of early relative sea level rise rates for Louisi
ana indicates rates can be as high as 4.3 cm/yr (Swanson and Thurlow,
1973). This early study by Swanson and Thurlow (1973) utilized tide
gauge records from the Hisslsslppi River delta plain with a period of
record from 1959 to 1970 for a total of 11 years. A comparison of the
Swanson and Thurlow (1977) data set with other, more recent data sets
(Byrne et al., 1976. 1977; Hicks and Crosby, 1978; Gornitz et al.. 1982;
Oelaune et al., 1983; Penland et al-, 1987a, 1987b; Pirazzoli, 1986)
suggests that the 4.3 cm/yr relative sea level rise rate is anomalous
because the period of record used (1959 to 1970) is too short and
because it reflects a secular period of relative sea level rise. Typi
cally, the longer the period of record for a tide gauge station, the
lower the rate of relative sea level rise. This comparison indicates
that the period of record must exceed more than 2 complete lunar epochs
(18.5 yr) before the water-level time-series can truly begin to resolve
relative sea level rise and subsidence. Our investigation represents
the first systematic regional analysis of all National Ocean Survey
(NOS) tide gauge stations in Louisiana and the Gulf of Mexico using only
the long-term water level histories.

The National Ocean Survey (NOS) tide gauge network was analyzed in the
Gulf of Mexico in order to determine the rates of relative sea level
rise and subsidence impacting Louisiana and other Gulf Coast states.
The oldest NOS tide gauge in the Gulf of Mexico was established at Key
West in 1913 (Fig. 3). The oldest NOS tide gauge station in Louisiana
is the Eugene Island station, established in 1939.

NATIONAL OCEAN SURVEY TIDE STATIONS

Figure 3. Location diagram of the National Ocean Survey (NOS) tide
gauge stations used In this investigation.



Objectives

The first objective of this paper is to document the rate, distribution
and character of relative sea level rise and subsidence in Louisiana
based on the analysis of long-term tide gauge records. The second
objective is to compare the results of the Louisiana analysis with the
results of tide gauge analysis from Texas, Mississippi, Alabama, and
Florida in order to determine the regional variability of relative sea
level rise and subsidence in the Gulf of Mexico.

Tide Gauge Data and Analysis

Data base and analysis

The two NOS tide gauge stations located in Louisiana at Grand Isle (I)
and Eugene Island (II) are considered to have the best resolution of all
the stations in Louisiana. The tide gauges at these stations record
water-level measurements every six and sixty minutes, 24 hours a day, at
locations that have direct tidal exchange with the Gulf of Mexico. The
Grand Isle station (I) at Bayou Rigaud has a 31-year period of record
between 1947 and 1978. The period of record for the Eugene Island sta
tion (II) is 36 years between 1939 and 1974. The NOS provided summaries
of daily mean, high and low water levels at each station (Hicks et al.,
1983). This data base was averaged into summaries of mean monthly and
annual water levels. For each station, a time-series plot of the annual
water level history was constructed. A linear regression was performed
on the complete data set in order to produce a best-fit straight line
with a slope equal to the rate of relative sea level rise. A relative
sea level rise rate based on the entire record was produced. Next, the
tide gauge record was divided into two 18.5-year time intervals in order
to balance the effects of the lunar epoch. The lunar epochs were
defined as 1942-1962 and 1962-63 (Hicks, 1968). The same procedure was
then followed again for each lunar epoch as performed for the entire
record, which yielded a rate for relative sea level rise. This proce
dure was followed in order to detect either an acceleration or decelera
tion in sea level rise conditions between the lunar epochs and for the
entire record. The maintenance history for each station was reviewed in
order to remove any errors in the data due to re-positioning or damage
to the station. This same procedure was then performed again for NOS
tide gauge stations in Texas, Mississippi, Alabama and Florida. Tide
gauge stations with sufficient record included Port Isabel (III) and
Galveston (IV) in Texas, Biloxi (V) in Mississippi, and Pensacola (VI),
Cedar Key (VII). St. Petersburg (VIII), and Key West (IX) in Florida.

NOS Tide Gauge Results - Gulf of Mexico

Louisiana

The Bayou Rigaud tide gauge station (I) at Grand Isle lies behind this
barrier island on the Exxon Dock adjacent to Barataria Pass (Fig. 3).
NOS established a new station at the U.S. Coast Guard Station, renaming
it East Point after the Bayou Rigaud station was destroyed. It was re-
leveled in 1978. Between 1947 and 1978, relative sea level rose stead
ily at a rate of 1.03 cm/yr. Analysis of the water level histories
indicates that the rate of relative sea level has accelerated from 0.30
cm/yr to 1.92 ctn/yr.
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The Eugene Island station (II) is located on the Point Au Fer shell reef
system 8.0 km south of the prograding Atchafalaya River delta (Fig. 3).
In recent years this station is becoming more and more contaminated by
the Atchafalaya River flooding such as the spring floods of 1972 and
1973. Analysis of the entire record indicates a relative sea level rise
rate at Eugene Island of 1.19 cm/yr between 1939 and 1974 (Fig. 4).
Analysis of the lunar epochs indicates relative sea level rise has
accelerated from 0.95 cm/yr for the first epoch to 2.17 cm/yr for the
second epoch. Table 1 lists the statistics for the Grand Isle (I) and
Eugene Island (II) NOS tide gauge stations.

Texas

The Galveston tide gauge station (III) is located on the east end of
Galveston Island on the north Texas coast (rig. 3). This station is
connected to the Gulf of Mexico by the Houston Ship Channel. The period
of record is between 1908 and 1980 and the rate of relative sea level
rise for the entire period of record Is 0.62 cm/yr. The acceleration in
relative sea level rise is from 0.32 cm/yr for the 1942-1962 lunar epoch
to 1.17 cm/yr for the 1962-1982 lunar epoch (Fig. 4).

To the south at the border of Texas and Mexico, the Port Isabel tide
gauge station (IV) is located on the mainland shoreline of Laguana Madre
at the south end of Padre Island (Fig. 3). For the period of record
between 1944 and 1979 the rate of relative sea level rise was 0.33
cm/yr. The acceleration in relative sea level rise is from -0.03 cm/yr
for the 1942-1962 lunar epoch to 0.86 cm/yr for the 1962-1982 lunar
epoch (Fig. 4).

Mississippi - Alabama

The Biloxi tide gauge station (V) is located on the mainland shoreline
of Mississippi Sound, landward of Ship Island (Fig. 3). This tide gauge
station is connected to the Gulf of Mexico by Dog Keys Pass. The period
of record is from 1939 to 1983. A relative sea level rise rate of 0.15
cm was determined for the entire period of record. A slight accelera
tion in relative sea level rise was determined at -0.20 cm/yr for the
1942-1962 lunar epoch to 0.08 cm/yr for the 1962-1982 lunar epoch (Fig.
4).

Florida

The Pensacola tide gauge station (VI) is located on the mainland
shoreline of Escambia Bay near the west end of Santa Rosa Island (Fig.
3). This tide gauge station is connected to the Gulf of Mexico by Per-
dido Pass. Analysis of the entire period of record between 1923 and
1980 indicates that the relative sea level rise rate is 0.23 cm/yr. The
relative sea level rise acceleration is from 0.05 cm/yr for the 1942-
1962 lunar epoch to 0.46 cm/yr for the 1962-1982 lunar epoch (Fig. 4).

The Cedar Key tide gauge station (VII) is located on an island between
Suwannee Sound and Waccassau Bay in the Big Bend region of Florida (Fig.
3). A relative sea level rise rate of 0.17 cm/yr was determined for the
entire period of record between 1914 and 1980. The relative sea level
rise acceleration rate was 0.13 cm/yr for the 1942-1962 lunar epoch to
0.31 cm/yr for the 1962-1982 lunar epoch (Fig. 4).



TABLE 1

REUTIVE SEA LEVEL RISE RATES
IN THE

NORTHERN GULF OF KEXICO:
NATIONAL OCEAN SURVEY TIDE GAUGE STATIONS

STATION

NUMBER

STATION
NAME

STATION
LOCATION

RECORD

PERIOD
FIRST
EPOCH

SECOND
EPOCH

ENTIRE
RECORD ACCELERATION

I Eugene Island Louisiana 1939-1974 0.95 2.17 1.19 1.22

II Grand Isle Louisiana 1947-1978 0.30 1.92 1.03 1.62

III 6a Weston Texas 1908-1980 0.32 1.17 0.62 0.85

IV Port Isabel Texas 1944-1979 -0.03 0.86 0.33 0.89

V Biloxi Mississippi 1939-1983 -0.20 0.08 0.15 0.28

VI Pensacola Florida 1923-1980 0.05 0.46 0.23 0.41

VII Cedar Key Florida 1914-1980 0.13 0.31 0.17 0.18

VIII St. Petersburg Florida 1947-1980 0.01 0.29 0.16 0.28

IX Key West Florida 1913-1980 0.10 0.40 0.22 0.30

$



668

GULF OF MEXICO - NOS TIDE GAUGE STATIONS

RELATIVE SEA LEVEL RISE

"B 2 r ENTIRE PERIOD OF RECORD • ACCELERATION

r

Figure 4.

TX LA MS

SECOND LUNAR EPOCH

TX LA MS

FIRST LUNAR EPOCH

•4fef-»~,sg liJS:.".^.

TX LA
MS

ENTIRE PERIOD OF RECORD

sfiSaSh

FL

Relative sea level rise histogram for the NOS tide gauge sta
tions in the Gulf of Mexico.



The St. Petersburg tide gauge station (VIII) is located on the northern
shore of Tampa Bay. This tide gauge station is connected to the Gulf of
Mexico by a series of tidal inlets along the Tampa Bay barrier shoreline
(Fig. 3). The period of record is from 1947 to 1980 and the analysis
indicated the relative sea level rise rate is 0.16 cm/yr. The accelera
tion in sea level rise was 0.01 cm/yr for the 1942-1962 lunar epoch to
0.29 cm/yr for the 1962-1982 lunar epoch (Fig. 4).

The Key West tide gauge station (X) is located at the extreme western
end of the Florida Keys in the southeastern Gulf of Mexico (Fig. 3).
The relative sea level rise rate of the period of record between 1913
and 1980 is 0.22 cm/yr. The acceleration in relative sea level rise was
from 0.10 cm/yr for the 1942-1962 lunar epoch to 0.40 cm/yr for the
1962-1982 lunar epoch (Fig. 4).

Regional Comparison

Gulf of Mexico - NOS tide gauge stations

In comparison with other U.S. Gulf Coast states, Louisiana is experi
encing the highest rate of sea level rise in the Gulf of Mexico. The
zones of highest sea level rise are associated with the Mississippi
River delta plain. The rates of relative sea level rise decrease to
rates comparable with the adjacent coastal states in the Chenier Plain
to the west and the Pontchartrain Basin to the east (Fig. 4). The
highest rate of relative sea level rise in Louisiana is at Eugene Island
(II) where the average rate is 1.19 cm/yr with an acceleration from 0.95
cm/yr to 2.17 cm/yr between 1939 and 1974. The NOS Grand Isle tide
gauge station (1) recorded a relative sea level rise rate of 1.03 cm/yr
with an acceleration from 0.30 cm/yr to 1.92 cm/yr. For Louisiana, the
total acceleration in relative sea level rise was between 1.22 cm/yr and
1.62 cm/yr.

In Texas, the rate of relative sea level rise ranges from 0.33 cm/yr in
Port Isabel (111) to 0.62 cm/yr at Galveston (IV). The Galveston rel
ative sea level rise rate is nearly identical to the Chenier Plain rate
in west Louisiana. The total relative sea level rise acceleration rate
ranges between 0.85 cm/yr for Port Isabel (111) to 0.89 cm/yr for Gal
veston (IV). From north to south, there appears to be a trend of
decreasing relative sea level rise. However, the acceleration of rela
tive sea level rise appears to be uniform on the Texas coast.

In the eastern Gulf of Mexico, the Mississippi, Alabama, and Florida
tide gauges recorded the lowest rates of relative sea level rise. For
Florida, the relative sea level rise rates ranged between 0.17 cm/yr for
Cedar Key (Vll) and 0.23 cm/yr for Pensacola (VI). For the period
between 1942 and 1982, the total acceleration in relative sea level rise
ranged from 0.18 cm/yr to 0.41 cm/yr. Biloxi (V) recorded the lowest
relative sea level rise rates in the Gulf of Mexico with an average of
0.15 cm/yr for the entire period of record. The total acceleration in
relative sea level rise was 0.17 cm/yr between 1939 and 1983.

669



670

Subsidence

Eustatic correction factor

The contribution of subsidence to relative sea level rise can be
estimated from tide gauge water-level time series by subtracting out a
correction factor for the eustatic sea level rise factor froo a NOS rel
ative sea level rise rate. The difference is considered the contribu
tion of subsidence. The eustatic correction factor is based upon the
analysis of tide gauge records from a stable coastline relative to the
region and that the difference, termed subsidence, reflects the impact
of ccmpactional subsidence as well as any errors induced by station
maintenance and any localized effect. This second component is assumed
to be Insignificant. Therefore, the eustatic-corrected water-level his
tory is considered representative of subsidence.

Gornitz et al. (1982) analyzed more than 190 tide gauge stations world
wide. Through this investigation a global relative sea level rise rate
of 0.12 cm/yr was determined. For the Gulf of Mexico, a relative sea
level rise rate of 0.23 cm/yr was computed. This Gulf of Mexico rate is
identical to the relative sea level rise rate determined for the Pensa
cola (VI), Florida NOS tide gauge station. This relationship indicates
Pensacola Is technically stable relative to the Gulf of Mexico basin.
The difference of 0.11 cm/yr between the global and Gulf of Mexico rela
tive sea level rise rate is attributed to the effects of a geosyncline
downwarping, compaction of Tertiary and Pleistocene deposits, and
regional tectonics.

Gulf of Mexico - NOS tide gauge results

Using the Grand Isle (11) and Eugene Island (I) NOS tide gauge stations
and the 0.12 cm/yr eustatic and 0.23 cm/yr Gulf of Mexico corrective
factors of Gornitz et al. (1982), the contribution of subsidence ranges
between 0.80 cm/yr and 1.07 cm/yr in Louisiana (Fig. 5). The Grand Isle
(II) and Eugene Island (1) corrected tide gauge data for the Gulf of
Mexico indicate a contribution of 0.96 cm/yr and 0.80 cm/yr, respec
tively (Table 2). The Eugene Island (I) and Grand Isle (II) eustatic-
corrected tide gauge data indicate a contribution of 0.91 cm/yr and 1.07
cm/yr respectively. As mentioned before, these tide gauge stations lie
on the Mississippi River delta plain in Louisiana (Kolb and Van Lopik,
1958). These are the highest rates of subsidence in the Gulf of Mexico
(Fig. 5).

In the eastern Gulf of Mexico, a comparison of the eustatic correction
factors indicates that the coasts of Mississippi, Alabama, and Florida
are not subject to subsidence as formed in Louisiana. The relative sea
level rise rates range between 0.15 cm/yr and 0.23 cm/yr. These rates
are equivalent to the 0.12 cm/yr global eustatic and 0.23 cm/yr Gulf of
Mexico eustatic correction factors of Gornitz et al. (1982), indicating
that compactional subsidence is not a major coastal process affecting
the eastern Gulf of Mexico. Eustatic processes are driving relative sea
level rise in Mississippi, Alabama, and Florida.

In Texas, the relative sea level rise rates from Port Isabel (III) and
Galveston (IV) exceed the eustatic sea level rise rates, which indicate
that this coast is experiencing the effects of subsidence. The rate of



TABLE 2

SUBSIDENCE RATES
IN THE

NORTHERN GULF OF MEXICO:
NATIONAL OCEAN SURVEY

EUSTATIC-CORRECTED TIDE GAUGE RESULTS

STATION
NUMBER

STATION
NAME

STATION
LOCATION

EUSTATIC-CORRECTED:
GULF OF MEXICO (0.23)

EUSTATIC-CORRECTED:
GLOBAL (0.12)

I Eugene Island Louisiana 0.96 1.07

11 Grand Isle Louisiana 0.80 0.91

III Galveston Texas 0.39 0.50

IV Port Isabel Texas 0.10 0.21

V Biloxi Mississippi -0.08 0.03

VI Pensacola Florida 0.00 0.11

VII Cedar Key Florida •0.06 0.05

VIII St. Petersburg Florida -0.07 0.04

IX Key West Florida -0.01 0.10
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relative sea level rise is 0.33 cm/yr at Port Isabel (III) and 0.62
cm/yr at Galveston (IV). Using the Gornitz et al. (1982) eustatic-
correctlon factors the contribution of subsidence ranges between 0.1
cm/yr and 0.5 cm/yr. In contrast with Louisiana, subsidence is not the
major driving process of relative sea level rise, although it is an
important component.

Conclusions

1. Analysis of National Ocean Survey tide gauge records from 9 stations
along the U.S. Gulf Coast indicates that Louisiana is experiencing
the highest rates of relative sea level rise in the Gulf of Mexico.
Maximum relative sea level rise rates ranged between 1.03 cm/yr and
1.19 cm/yr. Texas ranked second with rates ranging between 0.33
cm/yr and 0.62 cm/yr followed by Florida with rates between 0.16
cm/yr and 0.22 cm/yr and then Mississippi-Alabama with a rate of
0.15 cm/yr. The NOS tide gauge stations detected an acceleration in
relative sea level rise throughout the Gulf of Mexico, with the
highest increase of 1.62 cm/yr found in Grand Isle, Louisiana. The
amount of sea level rise acceleration appears to be proportional to
the rate of relative sea level rise for the entire period. Acceler
ation amounts range between 0.18 cm/yr and 1.62 cm/yr for two lunar
epochs.

2. Subsidence rates determined from the NOS tide gauge records using
the eustatic-correction factors for the Gulf of Mexico and the globe
indicated Louisiana is experiencing the highest subsidence rates
along the U.S. Gulf Coast. The maximum subsidence rates in Louisi
ana ranged between 0.80 cm/yr and 1.07 cm/yr. Texas ranked second
with subsidence between 0.10 cm/yr and 0.50 cm/yr. Subsidence rates
in Mississippi, Alabama, and Florida suggest that these coastal
zones are stable with respect to the Gulf of Mexico eustatic-
correction factor. However, using the global eustatic-correction
factor the subsidence rates range from 0.03 cm/yr to 0.11 cm/yr.

3. The maximum rates of subsidence apply only for the Mississippi River
delta plain in Louisiana and indicate that contribution of subsi
dence to relative sea level rise ranges between 81 percent and 90
percent. In Texas the contribution for compactional subsidence is
30-81 percent and in Mississippi. Alabama, and Florida it is 0-48
percent, depending on the eustatic correction factor used.

4. The regional pattern of relative sea level rise and subsidence
observed for Louisiana and the other U.S. Gulf Coast states is
controlled by the thickness of the underlying Holocene sediment at
each tide gauge station location. The highest rates of relative sea
level rise and subsidence are associated with the Mississippi River
delta plain where the Holocene section reaches a maximum thickness
of about 200 m (Kolb and Van Lopik, 1958). East and west of the
delta plain, the thickness of the Holocene section decreases to
thicknesses of less than 20 m and in some cases pinches out com
pletely, as in Florida. The rates of relative sea level rise and
subsidence decrease concurrently east and west of Louisiana.

5. The rates of relative sea level rise are accelerating in Louisiana
and the other U.S. Gulf Coast states. This acceleration is
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proportional to the rate of relative sea level rise observed for the
entire period of record at each station. These acceleration rates
forecast that coastal Louisiana will experience a 1.5-2 m rise in
sea level over the next century. These acceleration rates are con
sistent with the forecasts of the National Academy of Sciences and
the U.S. Environmental Protection Agency of accelerated relative sea
level rise due to the greenhouse effect (Hoffman et al., 1983).
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LAND LOSS IN LOUISIANA: IS RETREATTHE ANSWER?

James B. Edmonson
Terrebonne Parish Consolidated Government

P.O. Box 2768

Hourna, LA 70361

Statement of Preplan
Louisiana is losing vast acreages of coastal habitat. At the current
rate of loss, 55 square miles per year, an area the size of Rhode Island
will be lost in 22 years (Breaux, 1986). Several parishes (counties) are
slated to be eliminated in less than 100 years, Plaquemines in 47 years
and Terrebonne in 98 years (Wicker, 1980). If the nation were to lose
these lands to a foreign nation, an act of war would be declared. Yet,
the Gulf of Mexico has engaged in a successful campaign which marry
believe goes unnoticed by most (Landry, 1985).

Louisiana'3 problems began with the taming of the Mississippi River at
the turn of the century, and the take-off of the mineral extraction
industries in the 30's. Controlled by guide levees, the Mississippi
River now carries its life sustaining fresh water and sediment to the
depths of the Gulf and the delicate balance between land and sea has been
critically disrupted. Slowly, the interdistributary basins subnerge
below the surface of the sea, unable to be replenished with sediment. On
another front, the salty waters of the Gulf intrude northward into
aquatic habitat, along drilling slip access canals and pipeline
corridors, stripping the area of vegetative cover before seccessions of
species can take place (Davis, 19B4). These ranaining mud flats
literally are washed away in months. Spoil banks thrown up along access
canals impond water within the marsh causing many areas to drown, leaving
vast areas of open water in a once unbroken marsh (Lafourche-Terrebonne
Soil and Hater Conservation District, 1986).

Accelerated by an estimated Gulf global sea level rise of .09 inches per
year and a subsidence rate of .36 inches per year, Louisiana is losing
its most valuable land (Penland, In Press). Every 49 minutes another
hectare becartes open water (Davis, In Press). For the first time in
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recent history, the region is experiencing net degradation rather than
net progradation. Ihe land lost is not site specific but includes the
entire coastal zone, which in certain areas, extends over 60 miles
inland. The barrier islands are retreating an average of 50 feet per
year and diminishing in size by .20 mi2 per year (Penland, 1985).
Coastal highways are falling into the Gulf of Mexico, once productive
agricultural land and villages have sunk below the surface of the sea
and, the regions first line of defense against hurricanes is threatened.
Further, connunity drinking water surface intakes, situated 50 miles
inland, have been contaminated by salt in concentrations in excess of
14,000 ppn (Btaonson, 19B5).

Over the last 15 years years, these problems have been well documented by
the academic camtunity. More recently, state and local governnent and
private industry have begun to engineer and construct wetland protection
and restoration projects. However, the financial means to truly protect
these vast acreages of valuable wetlands are beyond the capabilities of
state and local government. Further, decades of oil and gas subsidies,
which negated the tax payers burden to operate and maintain civic
services and infrastructure, has resulted in an apathetic public attitude
about civic responsibilities. These responsibilities concern the
delivery of flood protection measures and community services, erosion and
pollution control, and the intregal role each citizen plays in the
environmental future of a coastal connunity. Presently, a large gap
exists between the progress made by the research and engineering fields
and the understanding, support, and funding of protection, conservation
and enhancement measures by local, state and federal government.
Ultimately, the protection of coastal resources and the carrnunities whose
economic base exists because of these resources is a civic
responsibility.

With such an acute problan, government officials and coastal scientists
are often asked several questions. Are these resources worth protecting?
Why should the public pay for the protection of these resources? And,
why do coastal Louisianians not just retreat fran the coast? The
remainder of this paper will address these questions.

Retreat Fran the Coast

Retreat? Yes indeed, we are retreating. Coastal Louisianians are
undoubtedly the most experienced when faced with retreat fran the
advances of the sea. Since the early 1800's, residents of coastal
Louisiana have been forced to vacate areas, such as Fort Beauregard, Last
Island and Sea Breeze. Being fishing, fanning and trapping folk
historically, this retreat is often subtle as the Inhabitants of the
mfmtal zone cling to their lifestyles and economic base.

Today, as has been practiced historically in Louisiana, retreat takes the
foam of both vertical and horizontal movenent. Horizontal retreat is the
relocation of non-water dependent services to higher ground away from the
encroaching Gulf waters or into flood protected fastlands. Vertical
retreat is the elevation of structures and flood proofing of same.
Retreat in coastal Louisiana is not a sudden occurrence, however. Both
vertical and horizontal retreat occur most often and in the greatest
frequency subsequent to a major storm event. For instance, the number of
building permits issued which addressed the elevation of structures in
January of 1985 (Pre-Hurricane Juan) was 67. ihe number issued In
January of 1986 (post Hurricane Juan) was 367 (Forerun, 1986). It is at



these times that the increase in vulnerability caused by the slowly
eroding land base becomes most evident and drastic. For several months
following these major storm event periods, it has been observed that many
residents will relocate further north or towards higher ground by
building new holies. Also, the number of existing or newly constructed
structures elevated increases. In virtually all cases however, the
retreat is minimal and generally contained within thecoastal zone.

There are two primary reasons why a major retreat out of thecoastal zone
will not take place in South Louisiana. First is the location of the
primary resource extraction Industries within the coastal zone. The
second reason is the nature of the existing infrastructure. The delta
plain of the Mississippi River is rich in both renewable and nonrenewable
resources. The extraction of these resources is a primary industry. The
significant resources extracted within the coastal zone include fur and
fish as renewable resources and oil and gas as nonrenewable resources.
The fur and fish industries are wetland dependent and are also family
oriented operations. The oil and gas extraction industries arevery site
specific and material source dependent.

Because the fishing industry is composed of thousands of independent
family owned operations, as a means to reduce costs, the families live on
the lower reaches of the natural levee ridges. They park their trawlers
in front of their home on the bayous so that access to themarsh and gulf
waters is easy and cost effective. In addition, the opportunities to
"add-on* costs to pay for increase travel time, carmuter services or
infrastructure requirsnents is not presently as feasible, as in other
areas of the country. This is because little value is added to the
product locally whether itbe in the fish and fur industry or the mineral
extraction industry. For example, within the fishing industry, 60%
of the shrimp catch is not processed at all. Of this amount, 89% is
shipped out of state for processing (Weschler, 1986). Although not as
drastic, this can also be seen within the mineral extraction industry.
Resources are extracted within the wetlands and the outer continental
shelf and moved via pipeline to the petro-chenical industries located to
the north along the Mississippi River industrial corridor. Therefore,
due to the primary nature of these extractive industries and the fact
that little value is added on site, laborers of these industries and
support services are located as close to the resource to be extracted as
possible as a means of cost reduction.

The nature of the existing infrastructure also causes a problem with
retreat. Even though Louisianians have been historically accustomed to
retreat, they have in fact become more permanently fixed within the
coastal zone. Beginning in the 40"s and 50's, which some believe began
with the influx of petroleum workers fran Texas and Oklahana, there has
been a proliferation in the construction of ranch hones on concrete
slabs. Prior to this period, the majority of construction was elevated
on piers. Once a home is built on a slab, the structure becomes
permanently fixed to the landscape and it is not feasible to raise the
structure as a means to reduce flood damange. With entire subdivisions
of hones built on slabs, it has become necessary bo construct forced
drainage systems, including protection levees, drainage canals and pump
stations.

Residential development is not the only construction that has become
fixed within the coastal zone. The extraction industries, by
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construction of ice houses, packing plants, pipe yard service supply
companies, machine shops, fabrication yards and transportation support
services have been located and established well within the coastal zone.

Retreat will be difficult for Louisianians. Although retreat is
environmentally induced the call for retreat canes at the same time as
the national importance of the resource base has increased.

Value of Resources

Are these resources worth protecting? Yes, these wetlands need to be
protected because of their value, not only as an economic resource base,
but also for the habitat and recreational values that they provide. In
1984, the value of Louisiana's reported seafood landings were as follows:
Shrimp, $141,740,000.00; other species, which include crab, oysters,
drum, trout, snapper, red fish, croaker, tnacherel, mullet, pompano and
catfish was $38,945,000.00; and Menhaden was $196,623,000.00 (Weschler,
1986). Louisiana's fur industry annually yields between $2 and $24
million. The recreation industry annually is valued at $175 to $200
million and the oil and gas industry annually is valued at approximately
$500 million (Davis, 1984). The total of these values is
$1,069,308,000.00. It is obvious that oil and gas is a resource of
national concern. The author contends that the fish and fur industries
are of national concern also unless we continue to increase the import of
these resources from foreign nations.

Cost of Protection

What will it cost to protect these resources? To manage the marsh,
maintain the barrier islands and protect the inhabitants within the
coastal zone that are responsible for extracting resources of national
concern will cost $873 million. This is based on the following estimated
costs for Terrebonne Parish, which is the largest parish by land area
within Louisiana. Marsh managanent, $10 million; limited hurricane
protection, $165 million; drainage, $44 million; and barrier islands, $50
million. This totals $291 million. Terrebonne's coastline is
approxiaately one-third of the total coast of the Mississippi and
Atchafalaya delta complexes. The extrapolation of Terrebonne's cost
results in the aforementioned total for the deltas. As you can see, the
cost of protection, although expensive, will rapidly be returned in the
value of the resources of which will be protected. A great deal of
thought and money has been spent locally which has led to these
managanent decisions to stay within the coastal zone and protect its
resources. Although the ultimate destruction of the delta plain may be
envitable, it is felt that any delay which oan result through proper
managanent of these resources will be well worth the return
economically.

As an example of efforts madeby local government concerning this matter,
one parish, Terrebonne, has conducted the following studies: Sand
Resource Inventory, Marsh Value Study, Oyster Contamination study,
Subsidence Study, Soil Survey, Sea Level Rise Study, Habitat
Characterization Study, Barrier Island Reconstruction Study, Use of
Dredge Materials and a Drainage Study. In addition, the parish has
developed an extensive education program, which utilizes billboards,
hand-outs and phamplets, and the development of an eighth grade school
curriculum concerning the parishes resource base and its erosion
problems. The parish has also engaged and expended millions of dollars
on marsh management facilities, drainage facilities and barrier island



reconstruction projects.

Conclusion
South Louisianians are here to stay and the nation continues to be
dependent on her resources. Therefore, I challenge government,
educational institutions and citizens with the following recommendations:

Areawide wetland manqanent
Coastal Zone Managanent in Louisiana is a permit processing program which
is primarily site impact specific. Although the program is based on
environmental management units within parish boundaries, these small
units bound within these policial boundaries fail to address areawide
wetland basin managanent. If Louisiana is to ever control land loss and
implement enhancement measures, an areawide approach to thewetlands must
be established. Drainage basins would be the most appropriate division
of areawidewetland managanent.

Revised land use controls and enforcement

Many problems associated with flooding and flood control are caused
directly by inadequate land use controls and/or the enforcement of same.
Land use control measures must be revised to prohibit slab foundations,
set first floor elevations, and flood proofing. In addition, regulations
must address the appropriate delivery of utility services within the
coastal zone.

Control oil and gas industry exploration techniques
Louisiana's wetlands can no longer withstand the uncontrolled dredging of
access canals throughout the marsh. Even though state and local
governnents have been successful in reducing the length of new access
canals, pressure must be brought bo bear on the exploration companies.
New drilling techniques such as multiple directional drilling from one
access point must be strictly enforced.

Develop national resource extraction impact program
Since the nation is dependent on Louisiana's oil and gas resource and,
the extraction of these resources has caused irreplacable damage to the
wetlands, the federal government should establish a resource extraction
reclamation program for oil and gas. Reclamation programs presently
exist for coal, sulfur, copper and iron ore. It is time that reclamation
of oil and gas extraction in wetlands also be addressed.

Expand fisheries resources
Louisiana has been luled to sleep with the "get rich quick" mentality of
oil and gas. This is a non-renewable resource tightly controlled by
outside influences. Louisiana mustwake-up and explore avenues to expand
its valuable renewable fisheries resource. Once the oil and gas is gone,
if we haven't destroyed all the wetlands in the process, fisheries, if
well managed, will always be here.

Values added and underutilized species
To increase the economic value or the fisheries industries, Louisiana
must increase processing of these products within the state. Addition
ally, the states fishermen must learn how to catch, process and market
many species of fish that for years have been considered trash.

Develop limited hurricane protection system
Even with the billions of dollars of resources extracted from coastal
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Louisiana, society cannot afford to 100% protect these areas from
hurricane impacts. We must instead design protection systems for regular
storm events, elevate structures, flood proof, and evacuate for major
storm events.

Introduce civics and coastal education programs
The general apathy of the public on government operations and the
problens associated with living on a coast is caused primarily by the
lack of education in these matters. Civics and coastal education
programs must be reintroduced into the classrooms.
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NOME, ALASKA PORT FACILITY DESIGN:
COASTAL MANAGEMENT ISSUES

Tim Holder
City ofNona
P.O. Box 281

Nome. AK 99762

Nome. A Remote Trade Center

Nome is located 500 air miles northwest of Alaska's major city,
Anchorage. Because no roads connect Nome with the main road systems
in the state, Nome is dependent on marine and air transportation. The
population of Nome, approximately 3500, is small by lower 4B standards;
however, it is a trade center for 15 villages with 5000 people in the
Norton Sound-Bering Strait region within a 150-mllc radius.

Existing Port and Lightering Costly

The existing port facility Is located at the mouth of the Snake River.
Built and maintained by the Corps of Engineers, the harbor consists
of a 75-foot vide channel with revetment along 600 feet of each side.
The channel requires annual dredging by the Corps to maintain an
operating depth of approximately eight feet.

An improved facility has been needed for some time. The operating
depth of eight feet in the existing port and shallow water in the near
off-shore allows the docking of vessels with a draft of no greater than
six feet. Nearly all line haul barges come from Seattle, across the
Pacific, through the Aleutians, and across the Bering Sea, some 2600
miles to Nome. Their loaded draft normally exceeds 16 feet and is a
maximum of 22 feet for dry cargo and 25 feet for liquid bulk cargo.
Currently these barges from Seattle anchor about one-half mile offshore
and transfer goods to shallow-draft barges that can navigate inside the
mouth of the Snake River, a process vhlch Is called lightering. Twenty-
five percent of the cost of shipping from the dock in Seattle to the
dock in Nome is in lightering the last one-half mile. The cost of
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lightering is estimated at $69 per ton in 1982 dollars. The basic de
sign solution to this problem is to build a rubblemound causeway extend
ing to a point sufficiently offshore so lightering vould be eliminated.

New Port: 3500 Foot Causeway

The ultimate port/causeway vould extend 3500 feet from shore and have a
short-term cargo storage in an "L" at the end of the causeway. Land
ward of the "L" are two piers to accommodate general traffic and poten
tially vessels associated with oil and gas development in the Outer
Continental Shelf of Norton Sound. Extensions could be made to greater
depths beyond the 3500 feet. The maximum draft of a fully loaded fuel
barge is 25 feet. A minimum underkeel clearance of two feet is added to
a three-foot allowance for tidal set down and vaves at the dock face.
A 30-foot depth for the deepest berth is provided for in the design.

Nearly completed In 1986 Is a rubblemound causeway extending 2500 feet
without an "L". Host barges can tie up to this facility. Fuel barges
requiring the 30-foot depth can anchor south of the end of the causeway
and pump fuel to the dock using a line stabilized with a bouy. When
more funding is available the causeway can be extended.

The process of designing the Nome port facility illustrates several
coastal management problems and effective solutions. Once this basic
design concept was arrived at, engineering analyses were carried out
to determine the structure that would withstand wave and Ice forces.
Height of the causeway and size of outer protective rock were the crit
ical variables to be determined by the analyses.

The armor rock weight is determined by taking the average weight needed
for the causeway structure head for non-breaking waves and the structure
trunk for breaking waves. A uniform weight of 20 tons was used for pre
liminary design. Assuming the quarry rock has a specific weight of 165
pounds per cubic foot, cubic blocks would have 6.2 foot long sides. The
east side of the structure will be well protected with respect to crit
ical waves but may be subject to attack by moving ice fields. According
to the physical model analysis, described in the section below on Ice
Impacts, blocks of about 8 tons vould not be substantially dislodged by
ice overtopping. These blocks would be heavier than armor estimated for
wave attack.

The armor rock weight needed to protect against wave forces is calcu
lated by a formula which includes slope of the causeway armor, at 1/1.5,
breaker height at 17.8 feet, and equivalent deep water wave length of
400 feet.

Waves at the causeway head and port structure vould not be breaking, if
it is assumed that the same wind that produced them will be conducive
to a 13-ft. surge. It was assumed that the corners at the head struc
ture would be rounded to avoid rock stability problems. Vaves vould
break at a depth of 21 feet, vhlch vould correspond to a chart datum
depth of 8 feet.
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Structure Crest Elevation

At structure head, run-up vas estimated at 14.2 feet, which, added to
a still water level of 13 feet, resulted in an estimated significant
wave run-up elevation of 27.2 feet. The structure crest elevation was
established at 28 feet mean sea level (MSL), to account for high astro
nomic tide. Since significant wave height is the mean of the highest
one-third waves in the spectrum. It is expected that the maximum waves
would produce overtopping. This was considered acceptable because of
the low probability of occurrence of the design waves.

Run-up estimates made for portions of the causeway trunk showed that
the crest elevation should be about 28 feet MSL up to the location of
the breach. The roadway behind the crest of the west side armor may be
located at elevation 16 feet KSL. The crest of the cast side armor

could also be located at elevation 16 feet MSL, to protect the roadway
from Ice overtopping. Wave run-up from the east side will be leas
critical to the stability of the structure.

3
Littoral Drift: Accretion and Depletion

Littoral drift Is projected to cause accretion of sand on the west side
of the causeway and depletion of shore sand on the east. The shore
line is projected to reach 500 to 600 feet from present shoreline in
about five years. Depletion that is projected to occur on the east side
of the causeway will tend to clean the present deposition at the mouth
of the Snake River and might tend to starve the present beach to the
west of the mouth of the Snake River. If this occurs, a 2000-foot long
revetment may be required to protect the beach. Projected beach evolu
tion Is Illustrated In Figure 1.

The probable maintenance dredging at the causeway breach is estimated
from the five-year computed flux at about 8000 cubic yards per year.
The resolution of the problem in the Corps of Engineers permit is to
require monitoring annually of the accretion and depiction. The City,
as owner, is required to restore the beach, probably by pumping sand
from the accreted side to the depleted side.

A mathematical model was used to project the effects of littoral drift
which Incorporated the following data: sand flux conservation, beach
sand storage, wave longshore energy at the beach, deep-water and breaker
angles of the wave crests with the shoreline and deep-water wave height
and period.

Littoral drift prevails at the site from the west. The Jetties protec
ting the mouth of the Snake River have produced a marked accretion on
the west side and depletion of the east side. A revetment along the
east side has been built to arrest the erosion process which was
threatening beach front properties. The beach configuration as of 1982
may be considered in equilibrium, after 63 years since the construc
tion of the cast jetty In 1920. The west Jetty was built in 1923. In
1940 the jetties were rebuilt with steel and concrete.
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4
Weather and Wave Analysis

Certain critical historical weather and wave data was collected so that

it could be incorporated in the analytic models used to project the
effects of littoral drift and the size of armor rock needed.

The critical wave event was defined assuming a combination fetch and
wind duration and speed which would probably be similar to that produc
ing the estimated 100-yonr surge. The return period for the waves used
for armor protection design was estimated at 100 years. Since the re
sulting still water level would be around 13 feet, the still water depth
at the structure head would be 43 feet. The wind speed for the 100-year
surge was established at 47 knots. A 50-knot speed sustained for 12
hours was assumed for wave forecast. Application of the shallow water
wave forecast formulas resulted in a significant wave height of 16.7
feet and period of 8.9 seconds. The wave height is reduced to 16.5 feet
due to shoaling and refraction. Due to the lack of available wave sta
tistics at Nome, hindcast analyses were made to obtain synthetic wave
records.

Storm surges are due to shallow depths in the Bering Sea. The November
1974 atornsurge produced considerable flooding in Nome, with some parts
of the City under 10 feet of water. Surges of 12 feet have also
occurred in the past. A surge height of 13 feet, corresponding to a
return period of 100 years, was used in the analysis.

Nome is exposed to rather limited fetches for wave generation. In
addition, depths in Norton Sound are on the order of 60 feet or less,
while depths south of Nome reach an average of about 95 feet from chart
datum. Except for a vlndov between St. Lawrence Island and the Delta
of the Yukon River, fetches are limited by opposite shores at about 100
to 150 nautical miles (NH). The window is further limited by the pres
ence of shoals and islets which, together with the effects of refraction
and diffraction would effectively curtail waves coming from further
south. Consequently, fetches of 100 NM toward the SE and 150 NH toward
the S and SW vera assumed for wave estimates.

Maximum recorded winds at Nome airport have reached speeds of more than
56 knots for very short durations. During the ice-free season the maxi
mum recorded on-shore winds have reached speeds of 48-55 knots only
occasionally. The maximum average 12-hour speed from the south, re
corded on November 11, 1974, at the Pribilof Islands, was 46 knots and
the maximum 3-hour speed was recorded at 52 knots. The same storm pro
duced at Nome a maximum average 12-hour speed of 35 knots with a maximum
of 36 knots for 3 hours.

Offshore winds may produce setdowns. which reduce depths available for
operation. Using wind frequencies at Nome it was determined that a set-
down of 2 feet will have a frequency of about 2 in 3 years.

Ice Impacts

The Bering Sea in the vicinity of the port site has shore-fast ice
normally from January through April. Moving Ice sheets and Ice ridges
have the potential of dislodging armor rock and pushing up the sides
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and overriding the facility. Ice sheet thickness of about 1.0 foot is
typical in early winter. A maximum ice sheet thickness of approxi
mately 4.5 feet is predicted from computed freezing degree-day esti
mates of ice growth. Maximum ice sheet thicknesses of 2.5 feet to 3.0
feet are commonly reported in Norton Sound and the Bering Sea. Ice
sheet velocities from zero to 2.5 feet per second with an average value
of 0.70 fps are used in this analysis. The principal force propelling
an extensive sheet of ice is wind drag. For a design wind speed of 60
to 70 mph, relationships for wind drag Indicate that forces of the order
of 20 kip/foot to 50 kip/foot can be generated through a 120-mile long
fetch of ice.

One of the major conclusions of the ice analysis is that armor rock
designed for stability against wave attack remains stable under ice
override in the Nome environment. Ice override will probably be an
infrequent occurrence. A clean unobstructed surface on the exterior
of the facility will prevent damage from ice override and facilitate
ice removal. Ice sheets 2.0 feet and thicker may ride-up the slde-
slopea of the causeway and overtop the causeway crest for both the 20
foot and the 30 foot crest elevations. Ice accumulations up to 30 feet
high were observed to occur in the tests, and comparable ones are pos
sible on the prototype causeway. The 8-ton, randomly placed, rounded
armor boulders protecting the causeway side-slopes remain stable during
ice ride-up on the causeway.

A causeway over-ride is marked by the layering of an initial cover of
ice over the armor boulders as the advancing ice sheet first rldes-up
the side-slope. This layer of ice then acts to protect the underlying
armor boulders as subsequent ico movement occurs over it. After the
first few rlde-ups of an ice sheet on the causeway, the ice sheet fails
at different times at various locations along the causeway. A design
ice load on the causeway side-slopes is sufficient to sustain the duc
tile crushing failure of a 4.5 foot thick ice sheet.

The model tests indicate that the most effective ice-defense strategy
consists of a segmented barrier composed of closely spaced elements
placed offshore of the portion of the port facility to be protected.
Sufficient storage aroo must be available behind the ice barrier to
allow ice rubble to accumulate.

Mathematical analysis was supplemented with analysis using a physical
ice model. The modeled causeway section had a slope of 1:1.5 and was
covered by scale-equivalent 8-ton boulders. The side-slope model was
formed of five independent frames which were supported on hinges at
their base. A load cell, placed behind each frame, was used to measure
the horizontal force exerted by the ice on the side-slope frame. The
model ice sheet was propelled by a pushblade, which was attached to a
motorized carriage which can traverse the length of the ice tank. Load
cells mounted behind the pushblade registered the load applied to the
ice sheet.

Conflict Resolution: Interagency Coordination

The permitting process stretching over three years required extensive
interagency coordination and resolution of conflict. The littoral drift
issue vas significant and is discussed above. The second major Issue Is



that migrating salmon near shore would be forced into deeper, colder
water by the 3000-foot causeway. Alaska State Department of Fish and
Game viewed a fish passage near to shore a3 the solution. Maintaining
salmon is important because subsistence fishing is a major element of
millenla-old Eskimo Inuplaq culture. Salmon fry need shallow water for
food, relatively warmer temperature and protection from predators.

The fish passage is located approximately 500 feet offshore in eight
feet of water, the most acceptable depth to meet Alaska Department of
Fish and Game requirements and also minimize maintenance dredging from
littoral drift accumulation. The breach has a bridge that is 98 feet
long at elevation+16 feet. The slope of the rubblemound beneath the
bridge results in a 50-foot opening at water level and 25-foot on the
sea floor.

These Issues were resolved through the Interagency review of the appli
cation to the U. S. Army Corps of Engineers under Section 10 of the
Rivers and Harbors Act of 1899.

Port Design Engineering Consultant

The City of Nome contracted TAMS Engineers (Tippetts-Abbett-McCarthy-
Stratton) to produce the design that ultimately was used In the contract
bid package. Ice modeling was done by Iowa Institute of Hydraulic Re
search at the University of Iowa. Preliminary design work was pre
viously done for the City by Tetra Tech.

Footnotes

Port of Nome, Alaska: Design Memorandum, TAMS 1982, Appendix A,
pp. 24-25.

2Ibid. pp. 25-26.

3Ibid. pp. 11-20.

4Ibld. pp. 1-10.

Port of Nome, Alaska: Design Memorandum, TAMS 1982, Appendix B,
pp. 1-43.
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DEEP-OCEAN DUMPING: SHOULD WE USE THE OPEN
OCEAN TO EASE PRESSURE ON THE COASTAL ZONE?

Daniel K. Conner
Coastal andMarine Law Research Program

University of Mississippi
University, MS 38677

Introduction

As inhabitants of the earth, we have four types of environment
accessible to us: terrestrial, marine, atmospheric and celestial. When
we arc faced vith the problem of what to do with the waste products of
civilization. It becomes apparent that our choices are limited. Either
we cut down on the manufacture of wastes, by restraint or recycling, or
we dispose of them in one of those four environments. Outer space is
accessible to us, but for the moment it Is far too expensive to dispose
of waste products there. That reduces our choice to land, air or
vater.

For the purpose of disposal, wastes can be grouped into five
types: (1) ordinary solid wastes—what you find in garbage cans and
landfills, such as household refuse and construction debris; (2)
industrial and chemical wastes, such as pesticides, PCBs or paper mill
refuse; (3) dredge spoils—solid materials removed from the bottom of
water bodies, usually for the purpose of Improving navigation; (4)
sewage sludge—solid material left from the treatment of human or
animal wastes; and (5) radioactive wastes—either "high-level" or
"low-level"—such as what is left from the processing of irradiated
fuel elements or nuclear reactor operations. What we call "hazardous
wastes" may be found in any of these categories, although they arc most
often chemical or nuclear. This paper will use radioactive wastes
("radwastes") to illustrate the issues involved in ocean waste
disposal.

Ocean Dumping

The term "dumping" applies to three methods of disposal: (1)
actual physical dumping into the water column, such as what la done
with dredge spoils or sewage sludge; (2) emplacement of waste
containers in or on the seabed, such as what is proposed to be done

693



694

vlth radvastes; and (3) incineration of wastes at sea, such as what has
been done with certain hazardous chemicals.

In the United States today about 10 percent of all waste products
find their way into the ocean. The types of materials thus disposed of
range from dredge spoils, which represent about 80 percent of what we
dump in the ocean, to radioactive wastes, of vhlch thero is currently
no disposal in United States waters.

Between 1946 and 1970 some 90,000 drums of low-level radvastes
were dumped into tho ocean by U.S. vessels, not far from U.S. coasts.
The entire quantity dumped in those 25 years is today exceeded every
year by European nations that dump radvastes at a single site 550 miles
off England. The U.S. virtually abandoned its dumping program in the
early 1960s, and nothing whatever has been dumped since 1970. This
cessation vas more due to economic than safety reasons.

Ocean dumping vas not regulated until 1972 when Congress passed
the Marine Protection, Research and Sanctuaries Act (33 U.S.C.
{11401-1444) popularly called the Ocean Dumping Act. The Act prohibits
marine disposal of "high-level" radvastes, but glvos to the
Environmental Protection Agency power to regulate the dumping of
"low-level" radvastos. The Act was passed to implement the 1972 Ocean
Dumping Convention, concluded in London in 1972 and to which the U.S.
is a party. (2 U.S.T. 2403, T.I.A.S. No. 8165 (done Dec. 29, 1972;
entered into force Aug. 30, 19751). Both the Act and Article IV(l)(a)
of the Convention prohibit dumping of "dangerous" wastes into the ocean
and provide for licenses to dump other vastcs. Neither, however,
prohibits emplacement of wastes beneath the seabed.

The historical trend has been to dispose of wastes in ever more
remote areas. In the future, as near-coastal areas are increasingly
stressed by population growth and resulting decline in water quality,
and as land disposal sites become lass available and more expensive,
pressure to dispose of wastes in the deep oceanwill Increase.

Policy Analysis vs. Ethical Analysis
If the foregoing is so, it becomes essential to examine more

closely the policy and ethical lasuea involved. A vast body of
literature deals vlth scientific or policy analysis of the Issues of
deep-ocean dumping. Virtually none exists that deals vlth ethical
analysis. What is tha difference? Policy analysis la different from,
and ostensibly does not include, ethical analysis. Policy analysis is
concerned with what is possible, expedient, politically attainable and
cheap. Ethical analysis is concerned only with what is "right." It is
rarely used in official determination of public policy—at least in
environmental matters. Instead, it is an individualistic pursuit,
usually the domain of persons and organizations that seek to express
their opinions on the "morality" of government policy. Indeed, an
unusual degree of concern with the "rlghtnoss" of a policy decision on
the part of a policymaker is often viewed as naive. From the nature of
their work, most public officials have come to believe that consensus
on ethical choices is not possible in a pluralistic society like ours.

Many believe this is the way it should be: The government bos no
business meddling In people's ethical beliefs or upholding them.
Ethical debate la thus discouraged In public meetings, probably because
of the widespread but mistaken belief that ethical concerns are



Inextricably wound up with religion—a taboo in public discussion.
Thus, when formal ethical analysis occurs at all in environmental
Issues, it is done by academics vho publish articles in philosophy
Journals, by members of Greenpeace or similar conservation
organizations at their Informal meetings, or by scientists who debate
ethical choices in the privacy of faculty lounges.

To put it simply, policy analysis is what goes on when
decisionmakers meet. Ethical analysis is what goes on when those same
decisionmakers lie awake at night in the privacy of their homes.

Policy Analysis of Ocean DumpInn
It is now widely recognized that the ocean is not a single

environment, but rather an interrelated web of blogeographlcal and
physical units, such as estuaries, unveiling zones and mldocean gyres,
that are vulnerable to human abuse In widely varying degrees. Of all
the earth's environments, the open ocean away from the productive
continental shelves may be the least vulnerable to the influence of
human activity, while coastal and estuarine areas are among the most
vulnerable. For this reason, if for no other, resource managers will
face increasing pressure to direct waste products and deflect
environmental stress away from the coastline to the open ocean.

This will occur for two primary reasons: (1) land-based disposal
options will become less available and more expensive; and (2) ocean
preservationists like Greenpeace or the Oceanic Society or the Cousteau
Society, while articulate and determined, arc numerically weaker than
advocates of any other type of environment on earth. No one lives In
the open ocean, and hence it has no voting constituency.

In recent years some scientists and policy analysts have suggested
that ve are being overly protective of the ocean at the expense of our
groundwaters and our coastal zone. (See, e.g., Charles Ostcrberg,
"Rubbish on the High Seas," Newswook, Oct. 7, 1985 at 18.) Some
believe that the protectionist approach of the 1970s is about to
backfire on us, by degrading our coastal resources and our groundwaters
as a result. Opinions are strongly divided on the use of the deep
ocean as waste space, and the division occurs along several lines of
bifurcation.

Dispersion vs. concentration

Some favor concentration and isolation in the treatment of wastes,
and others favor its opposite, dispersion or dilution to the point of
insignificance. The appropriateness of each view will vary according
to the type of waste product under discussion. There is widespread
agreement, for example, that In the case of sewage sludge, dispersal is
better than concentration. Manure Is valuable when spread equably over
the countryside, but noxious when gathered in a heap; and some
oceanographers believe the same argument applies to the ocean. It is
also widely agreed that the opposite la true In the case of radvastes.

Close-monitoring vs."final" disposal
Some advocate disposal of waste products by putting them in the

remotest possible place, and others prefer to keep them nearby where we
can watch them. Advocates of keeping a close vatch on radvastes, for
example, tend to favor land emplacement. Wc don't know enough about
the deep marine environment to place any hazardous material there
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Irrevocably, they say. Once ve begin to dispose of radvastes thus, the
process may not be easily reversible.

Advocates of remote disposal, on the other hand, want to sao final
and perhaps Irrevocable disposal in the remotest possible place. Get
It away from people and other life forms, they say. Although ve may
not know enough about the marine environment to say vith absolute
confidence that radvaste placed in tha deep-seabed will not reach the
biosphere, still we know enough about it to conclude that it's tha best
ve can do, the furthest we can economically get from human activity.
As one advocate puts It, "We know mora about the plumbing of the oceans
than ve do about Che plumbing of the land." (Edward Goldberg, "The
Oceans as Waste Space: The Argument," Oceanus. Spring 1981 at 9.)

Important assumptions and costs arc burled within each of these
views. Daop-sca disposal encourages an "out-of-sight, out-of-mlnd"
mode of thinking, and it roduces incentives to restraint and recycling
by using what economists call a natural subsidy to Internalize the
costs of disposal. On the other hand, land-baaed monitored vaste
disposal also has hidden assumptions. It may overestimate the
stability of governments and civilizations and their ability to sustain
the kind of long-term commitment needed for effective monitoring. It
externalizes on future generations costs that they may be unwilling to
bear.

Advocates of each view need to answer tho following questions
before ethical and policy analysis of deep-sea dumping can proceed. To
the advocates of deep-sea disposal: Are you confident enough in your
belief that the deep-seabed is the bast place to dispose of radvastes
that you would put it where you can't ratrleve it if you're wrong? And
to the advocates of monitored land disposal: Do you really believe that
any government in the world, now or in the future, after investing
billions in storage facilities, vould willingly abandon that Investment
if something went wrong, and spend an even greater amount to repair the
damage?

Ethical Analysis of Ocean Dumping
Environmental ethics Is that branch of philosophy which seeks to

discover the scope of human duties toward the natural environment. It
Is a relatively new branch of Inquiry, probably Invented as a formal
discipline in 1949 vith the publication of Aldo Leopold's A Sand County
Almanac. It takes as its starting point the following classic
statement from Leopold's book: "A thing is right when it tends Co
preserve tha integrity, stability, and beauty of the biotic community.
It is wrong when it tends otherwise." (Galaxy Book edn., 1970, at
224-25.) The field now has its own academic journal, in which are
published contributions by philosophers, social scientists, lawyers and
resource managers. (Environmental Ethics, Dept. of Philosophy,
University of Georgia, Athens, GA 30602.)

Anthropocentrlsn vs. blocentrism

Among environmentalists there is a wide variety of ethical
stances. We are all familiar with the division betveen

conservationists vho advocate "wise use" of resources and

preservationists vho would put much of what remains off limits to
development. Much debato is also going on about whether environmental
values should be "anthropocentrlc," i.e., human-centered, or
"blocentrlc," life-centered. The blocentrlc approach to environmental



ethics is that advocated by Leopold. It stresses values that preserve
and enhance the health of the entire biosphere, even If necessary at
the expense of human economic welfare. The anthropocentrlc approach
places the collective desires of the human race above everything else.
An anthropocentrlst can often be identified by the cry of "Jobs!"; a
biocentrlst by the cry of "Quality of Life!" This distinction is now
the chief source of division among those vho seek protection of the
environment. Resource managers will run into it more and more and
should become familiar with the subtleties of each position if they
seek to understand public attitudes about resource conservation.

From either the blocentrlc or anthropocentrlc view it la easy to
argue for the protection of tropical forests, estuaries, coral reefs
and other highly productive portions of the earth's surface. Their
value to mankind and to the hoalth of the planet is easily
demonstrable. Leas obvious are the benefitb of protecting relatively
unproductive parts of the earth's surface, such as arid deserts or
polar icecaps. Yet if the number and content of International treaties
and domestic laws now in effect are indicative, a consensus exists that
even such unproductive "wastelands" should to some extent be protected
for their scientific and esthetic values.

No comparable consensus exists that those parts of the open ocean
that arc marine "deserts"—remote from human interests, deficient in
resources and esthetic value—should similarly be protected from the
waste products of civilization. This lack of consensus Is well
Illustrated by the vigorous debate on ocean incineration of hazardous
chemicals and on the emplacement of radwastes in the deep-seabed.

On the Issue of use of the oceans as vaste space blocentrlsts and
anthropocentrists tend to be in agreement. From either point of view,
radwastes should be put in the deep-seabed, where they will be remotest
from both human activities and life processes. For those vho vant the
deep ocean protected from radvaste disposal, the fracture between
opposing points of view runs along other lines.

Who Objects to Deep-Ocean Dumping?
Recently, pressure has been building to reopen the ocean dumping

option for radwastes. In 1980 the Navy devised a plan to dispose of
aging nuclear submarines at sea. Opposition was fierce, and In 1984
the Navy relented, choosing instead to bury its spent subs on
government land. (N.Y. Times. June 5, 1984 at A7.)

The question naturally arises: What is there about the deep ocean
that environmental groups arise to protest its use in this way? The
mid-plate and mid-gyre ocean basins are the most environmentally stable
regions on earth. They are geologically quiet and biologically
unproductive. They are as remote as any earth environment can get from
tectonic activity, eroslonal currents and human activity. They are as
devoid of life as any place on earth except perhaps the polar Icecaps.
They arc covered with thick layers of inert and absorptive clays that
would probably act as an effective natural barrier to Isolate hazardous
wastes burled In them. Deep ocean basins are insulated from climatic
change, and they are the least valuable property on earth. What kind
of environmentalist would rather see a spent nuclear sub on land rather
than in an ocean basin?
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The answer to this question, as ve have soon, cannot be found in
the biocentric/anthropocontrlc split among environmentalists. From
either point of view, the deep ocean is the best possible waste space
on earth. The answer also does not come from the dispersion vs.
concentration views of waste disposal, for placing radwastc on Land
sites or within the daap-seabed both necessitate concentration and
Isolation rather than dlsporslon.

Instead, the answer seems to come from three sources. One is the
policy argument discussed above; it centers on the debate whether it is
better to get rid of dangerous wastes by placing them forever beyond
our easy reach, or by keeping them close where ve can watch them. The
other two objections are ethical arguments, and they have little to do
with remoteness or nearness to human activities, food chains and life
processes. These arguments would oppose deep-ocean disposal of wastes
even if it could be shown that hazards could be effectively contained
and no biological comunltles would be endangered thereby. The
arguments fall under two labels: (1) wilderness preservation—the
argument that we have a duty to guard against further human
encroachment upon natural areas that are now relatively unspoiled by
human activity—and (2) "rights" for natural objects—the argument that
natural features of tho earth have certain "rights" that need to be
protected. Those vho vould raise either of these objections arc as yet
a distinct minority among environmentalists.

Wilderness argument
The first type of environmentalist vho opposes dccp-occan dumping

is what is ordinarily called a wilderness advocate. They vould extend
protection not only to productive areas like the Amazon Basin, but also
to unproductive areas like the Antarctic icecap and the deep ocean
basins. Wilderness advocates are well-known to resource managers and
policymakers, and require no further discussion hero.

"Rights" argument
The other typo—those who vould recognize moral rights In

Inanimate objects—are still relatively unfamiliar, and may require
discussion. Environmentalists in this category presume the existence
of an ethical hierarchy that is unfamiliar to most of us and
incomprehensible to some. In the West, we are not used to taking
seriously the idea that natural objects may have a moral claim on us.
We tend to dismiss that notion as a superstition peculiar to Buddhism,
Druldism or American Indian religions.

Everyone agrees that human beings have rights, both legal and
moral, though the extant of those rights is of course open to
discussion. Similarly, nearly everyone agrees that higher animals have
some limited rights; tho law does not allow pets or useful domestic
animals to be cruelly mistreated, for example. Cruelty Co higher
animals is now seen as an offense to the animal rather than to its

owner, and most of us grant domestic animals a place in our hierarchy
of moral obligations.

For most people, however, this ethical hierarchy stops when ve get
below Flipper or Snoopy or Smokcy the Bear. Tho consensus disappears
when we consider higher animals, like wolves or saa lions, that may
directly compete vlth our Interests, or higher animals, such as monkeys
or apes, that are useful as laboratory animals. But a solid minority
among us believes that certain rights should be extended to predators.



laboratory animals, lower animals and perhaps even plants. And a
smaller but growing minority believes that wa should recognize certain
rights even in Inanimate objects such as rocks or landforms, or in the
earth Itself—especially in csthetically pleasing or prototypical
natural features that arc now relatively unspoiled by human activity.
If not legal rights, then at least moral obligations toward the
environment that transcend economic motives. (See, e.g., Roderick
Nash, "Do Rocks Have Rights?" The Center Hagazlnc, Nov.-Dec. 1977 at
2.)

Who Favors Deep-Ocean Dumping?

The two positions outlined above are the ethical stances that can
be counted on to oppose deep ocean dumping of any kind. Both oppose
the enslavement of any part of the natural environment to human
convenience or economic interests. In favor of deep-ocean dumping are
those vho think remote disposal of dangerous vastus is best both for
humans and for the biosphere. Strict blocentrists would also favor the
remote disposal option, except that those with a blocentrlc orientation
tend also to be wilderness advocates, rights advocates or both.

Conclusion

In 1972 a respected lav reviev published a seminal article by
Christopher Stone on environmental law. The article, entitled "Should
Trees Have Standing?," vas widely circulated and discussed. (45 S.
Cal. Lav Rev. 450 (reprinted by William Kaufmann, Inc., Los Altos,
CAJ.) ("Standing" is a legal term referring to vhether a party vlll be
recognized in court.) In 1976 It vas followed by an article by Scott
Reed that carried the pun further, entitled "Should Rivers Have
Running?" (12 Idaho Law Rev. 153.) To be fully consistent, I should
title this paper "Should Oceans Have Sounding?" except that In this
preliminary exploration I am not able to answer the question posed by
such a title. I shall be content to call it to your attention that
there are those who hold the ethical viewpoint that natural features of
the planet, such as the deep oceans, should bo accorded rights In
themselves, and that policymakers and resource managers will sore and
more have to deal vlth people vho hold this view.

Copyright 1986 by Daniel Kolth Conner. This paper has bean wrlttan in
cooperation with the Mississippi-Alabama Sea Crant Consortium under
administration of Grant No. NA81AA-D-O0050 from NOAA'a Office of Sea
Grant in the U.S. Department of Commerce and by tho Mississippi Law
Research Institute in'the Law Canter of the University of Mississippi.
The U.S. Government is authorized to produce and distribute reprints
for governmental purposes notwithstanding any copyright notation that
may appear hereon.
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Estuarine andCoastal Management -Toolsofthe Abstract only
Trade. Proceedingsof the Tenth National Conference
of TheCoastal Society. October12-15,1986. New
Orleans,LA. Copyrightby TheCoastalSociety
1987.

HAZARDOUS WASTES, TURTLES, AND THE BEACH:
THE FUTURE OF PADRE ISLAND NATIONAL SEASHORE

Alan D. Risenhoover, Robert B. Ditton, and James H. Gramann
Departmentof Recreationand Parb

Texas A&M University
CollegeStation.TX 77843

This paperevaluates the risks to users from two external threats at PadreIsland
National Seashore, Texas: 1) Barrelswashing ashore,some of which contain potentially
hazardous wastes, and 2) The possibility ofendangered Kemp's ridley sea turtles
fl^nirlnchelvn k£mpj) returningto PadreIslandNationalSeashoreto nest By the mid
1970'sbarrelswashingashoreat PadreIslandwere increasingly becoming aconcern
becauseof the suspectmaterials they contained. Also portions of Padre Islandbeaches
may be closed duringthe monthsof highestvisitationto protectKemp's ridley seaturtles
that may be nesting. Distributionofuse datawere obtainedthrougha visitor survey during
June,July, August, and September1985. Thesedatawereusedto predictareasof greatest
risk to visitors fromcontactwith hazardous wastes,andto identify theeffect of beach
closure on visitation to Padre Island National Seashore. Results indicate that the risk to
visitors from hazardous wastes is greatestin the upper six miles ofthe study area.
Fishermen areexposedto greater levelsof risk in thedown-island areas thanarebeach
users. If Kemp's ridley seaturtlesreturnto PadreIslandNationalSeashoreto nest and the
beachmust be closed forthis purpose, a higherpercentage of fishermen will be displaced
than will beach users. By determining the distributionof use in a particulararea,managers
arebetterableto quantifytheeffect of external threats. Risk assessments have traditionally
addressed external threats affecting Ihe health of aspecific population, such asrisks
associated with hazardous wastes. Further, it is arguedthatrisk assessments associated
with impactson recreation arealsouseful to managerial decisionmaking.



Estuarine andCoastal Management-Tools ofihe Abstract only
Trade. Proceedingsof the TenthNationalConference
of The Coastal Society. October 12-15.1986. New
Orleans,LA. Copyright by TheCoastalSociety
1987.

RISK MANAGEMENT OF PUBLIC OPEN-WATER
RECREATIONAL BEACHES IN THE UNITED STATES

James M. McQoy
Coastal Zone Laboratory

Texas A&M University at Galveston
Galveston. TXT7S53

In the United Slates the number one recreational activity is swimming and the
second ranked activity is fishing. Combined with the fact that the majority of the
population of the U.S.A. resideswithin50 milesof the coast,it is estimatedconservatively
thatannuallythereis a population-at-risk on the publicopen-waterrecreational beachesin
excess of250 million people.

These recreational beachesarevery heavilyimpactedby manand therehave been
numerous coastal structures to maintain present beaches, retard erosion, and to trap
additional sediment However, there are problems associated with these shoreline
structuresand the geomorphicnearshore processes thathave a significanteffect on how the
risks of these beaches aremanaged. The risk management of this beachuserpopulation
hasbeenstudiedinonly theveryminimal way; public safetyeducation relating to the beach
environment and processesencounteredthere hasreceived only modest distribution;and
the equipment and methodology for carrying out this management has, in the main,
received only cursory attention from the city, county, state, and national administrative
authorities responsible forthe safetyandhealth of thebeach patrons.

Becausethereis a perception thatpeopledo not understand the processes endemic
to the nearshore environment and that the nearshore contains numerous and constant hidden
dangers in the form of ripcurrents, sand bars, and scour holes there have been numerous
law suitsbroughtto the courtswhen peoplehave Injured themselveswhile in the water,or
diving into the water. The problem has become so acute in the United States that coastal
communities have hadtheirmunicipalliabilityinsurance cancelledbecauseof these law
suits. In all these law suits, the"standard of care" andthe methodologyof risk
management arecalledintoquestion,examinedin minutedetail,andwheneverpossible
found wantingby plantiffs counselandassociated expertwitnesses.
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Abstract only

MAPPING THE UNMAPPABLE; USE OF GEOGRAPHIC
INFORMATION SYSTEMS IN FISHERIES MANAGEMENT

Langdon S. Warner
Princeton Aqua Science

165 Fieldcrest Avenue, CN 7809
Edison. NJ 08818-7809

There is a growing needto precisely delineate offshore fish andshellfishhabitat.
Current fishery management practice is dependent upon delineation of key nursery
spawning and feeding areas. .Plans foroffshore oil andgasdevelopment alsorequire
accurate habitat mapping. A geographic information system is designedto process large
volumes of spatial data, presenting results in graphic form for interactive use by resource
managers. While a large body of specialized hardware and software exists, use of
geographic information systemsin marine resource management is limitedby the type and
volume of data available and a lack of methods for variable selection and analysis. Using
spatialdataon the distributionof a relatively immobile species, the tilcfish (Lopholatilus
chamaeleonticeps), anda highlymobileshellfish species, thelong finsquid(Loligopaelei),
an experimental geographic information system wascreated. Stadstical andcartographic
manipulation of the data indicate thatmapping of environmental variables thateffect fish
distribution, as opposedto the distribution of the speciesthemselves,may proveto be more
useful in marine resource management.
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THE USE OF MJTIOATION IN ENVIRONMENTAL
PLANNING FOR PORT DEVELOPMENT

Donald R. Deis and R. Steve Dial
Continental Shelf Associates

759Parkway Street
Jupiter, FL 33477

Millicent L. Quammen
NCROUSWFS
1010 Gause Blvd.

Slidcll, LA 70458

Thio study conducted under contract from USFWS consisted of four
tasks: 1) Review and evaluate past aitigation projects in the Tampa
Bay area; 2) prepare a list of feasibility options; 3) identify and
rank potential mitigation sites; and 4) develop management and/or
restoration recommendations.

Auble et al. (1985), in a report on a workshop in which
mitigation options to port development in Tampa Bay were suggested,
discussed two classes of mitigation options: those designed to avoid,
minimize, rectify, or reduce the adverse impacts of development, and
those designed to compensate for unavoidable impacts. This document
discusses the second class of mitigation options—-those involving
compensation for impacts whore there is loss of habitat* However,
implementation of management practices designed to reduce or avoid
further impacts on Tampa Bay by port and othor typos of development
are recommended before allowing development requiring compensation.
These management practices are also an important part of any program
developed to improve water quality and wetlands habitat within Tampa
Bay.

Evaluation of Past Mitigation Projects

Ten sites where restoration was to have occurred were

evaluated. These included filling of a subtldal area and plantings
of black needlerush (Juncus roemerlanus), mangroves (Rhitophora
mangle. Avicennia germinans, and Laguncularia racemose), and smooth

cordgrass (Soartina alterniflora). Two of tho sites were plantings

on dredge-spoil islands. Specific goals were not stated for most of
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these projects. Our criteria for success must therefore be defined
after the fact, and may not be the same as those envisioned by the
contractor or regulatory agency. It is unlikely that a particular
restoration project could meet all possible criteria for success,
such as increasing productivity, providing habitat for particular
species, controlling erosion, and improving water quality, without
studies of conditions existing before the projects and a knowledge
of natural population variability, it is difficult to evaluate
habitat replacement—which is the goal usually suggested or Implied
for restoration projects.

Success can be defined in terms of plant survival of the
species planted and how this provides for in-kind replacement of the
plant species lost. However, even these criteria pose difficulties
in defining success unless: <!) the previously existing natural
densities for the sites evaluated are known, (2) a desired density io
defined, and (3) specific goals for that density are delineated. For
the sites investigated, a variety of plants with different growth
rates were planted. The lengths of time since planting and the
environmental conditions where the plantings occurred varied and may
not have been optimal for the species planted.

Spartlna alternlflora was planted at six 3ites from 6 months to
6 years before this study. For five sites, data concerning survival
at 1 year after planting are available (Table 2). Three sites
(Archie Creek, Sunken Island, and Placido Bayou) had 70%+ survival,
whereas two sites (Palm River and Feather Cove 1984) had survival

rates of 25% or less. The portion of Feather Cove planted in 1993
had 90% survivorship. Shoreline erosion has destroyed a large
portion of the S. alternlflora planted at Spoil Island 2-D. Four
sites were older than 5 years at the time of the evaluation.
Spartlna alternlflora has beon reported to coalesce in less than two
years when planted at 0.3 a Intervals (Kruczynskl 1982). Density
values averaged greater than 100 culms/m2 at the 6 year old projecto
(Archie Creek and Sunken Island). However, variability in planting
success after 1 year is shown by the successful portion of Feather
Cove (approximately 150 culms/m2) and Placido Bayou (an average of
less than than SO culms/m2). Lewis and Lewis (1977) reported 741%
(36 to 267 culms/m2) increases in plant density values after
10 months on Fishhook Spoil in Tampa Bay. In Georgia, density values
for S. alternlflora increased 977% (10 to 97.7 culms/m2) after
5 months (Riemold 1980). This evaluation shows that excellent growth
for S. alternlflora can be achieved in Tampa Bay given the proper
conditions. Factors contributing to poor survival includei failure
to restore the habitat to appropriate elevations) shoreline
crosionpoor maintenance (i.e., removal of exotic vegotation, floating
debris, etc.); competition by high marsh or upland plants; and poor
planting technique.

Spartlna alternlflora was established successfully in areas of
low tidal and wave energy (Archie Creek, Sunken Island, a portion of
Feather Cove, and Placido Bayou), but not in areas undergoing erosion
(Spoil Island 2-D and Palm River). A contributing factor may be the
lack of sufficient root mass to bind the sediments and retard
erosion. Canteen (1976) found that the aboveground biomaos of
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S. alternlflora established on dredged spoil equaled that of a
natural marsh but the belowground bicmass was less than half that in

a natural marsh. Therefore, S, alternlflora may not bo a good choice
for controlling shoreline erosion; structural methods might be
considered in conjunction with marah grass plantings*

Succession of S- alternlflora to mangroves is occurring at three
sites (Archie Creek, Sunken Island, and Placido Bayou)* Spartlna
alternlflora servos as a pioneer species for invasion by mangroves
(Lewie and Dunstan, 1975; Lewia, 1982) and may be expected to decline
as the mangroves increase in density and size. Invasion appears to
occur within 1 to 5" years for all species of mangrove. The species
invading varies depending upon the available seed source. All three
species of mangroves had been naturally recruited among the planted
S. alterniflora at Sunken Island. The heights of the trees ranged
from 0.3 to 2.0 m.

At four sites, mangroves were planted 5 to 10 years before this
study* At the two oldest sites (planted 9 and 10 years previously),
the planted species (Rhizophora manglo) failed to grow (Harbor
Island) or was the leapt abundant species (Apollo Beach), although
rcachinq a helnht of 0.5 to 2 a at the latter site. Natural
recruitment bv white mangrove (Laguncularla raccmosa) and black

mangrove (Avlconnla germinans) resulted in these species occurring in
higher densities than red manqrove (Rhizophora mangle) at the latter

site. Heights of these two species ranged from 0.S to 3 m.
Densities at the 5 year old site (Fantasy Island) averaged 3/«r.
Some of the planted individuals are heinq lost to erosion; however,

natural recruitment is occurring rapidly enough to counter these

losses. The trees at this site ranged in heiqht from 0.3 to 1.9 m at
the time of planting. Heights 4 years later ranged from 0.1 to
1.2 m. The lack of apparent qrowth may have been caused by
disproportionate death of the larger planted trees; stunting of
growth by freeze damage; or low qrowth rates from low nutrient

conditions because of high organic oxport. Alternatively, the small

size of the mangroves may reflect: recruitment of new seeds. Factors
contributing to poor survival of mangroves include erosion and
failure to restore the habitat to appropriate elevations*

Only ono Juncus roemerlanua site (Branches Hammock) was

evaluated. Some habitat was permanently lost under the bridges and

to the bridge structure, necovery of J. roenerlanus appears to be
slower than that of S. alternlflora, and the conditions for survival

of the former arc more exacting. A mixed community consisting of
J. roemerianuo and other wetland species resulted when the proper
substrate was not replaced by the bridge contractor. The regulatory
agency decided not to require replanting of «i. roemerianu3 because
the existing community was deemed acceptable wetland habitat (FDER,
pers. coram.).

For the subtidal site (Lassing Park), the goal of reducing water

depth was achieved. It remains to be seen whether seagrasses invade
this area naturally or survive if thoy are transplanted.



Two of the projects evaluated wero conducted at dredge spoil
islands. One was devised to compensate for destruction of vegetated
intertldal habitat, whereas the other wa9 a habitat enhancement
project. The loss of bay bottom to these Islands does not appear to
have been considered in the overall balance of gains and losses.
Given the extent of tho soaqrass losses in Tampa Bay, the creation of
upland and vegetated Intertldal habitat on the bay bottom nay be
Inappropriate policy.

Permanent loss of wetland habitat has occurred in at least three
projects. Changes in the kind of plant species, for part or all of
the area lost, have occurred In seven of the nine projects (the
subtidal fill, Lassing Park, is not included). Archie Creek and
Apollo Beach are the two sites which appear to havo species of plants
similar to those occurring in the lost habitats. Rocovory of a
community similar in function to that which was lost was not
determined in this study, and Is difficult to assess without
measurements made before the previous community was lost.

The seven projects designed to mitigate for habitat lost
required a 1:1 habitat replacement. Few projects, if any, achieved
this goal If we assume in-kind replacement was the objective. For
the six small mitigation projects plus ono for erosion control,
20.4 ha of vegetated habitat were to be replaced] 1.9 ha of this may
be permanently lost) and at least 18.3 ha of wetlands were replaced
by a different kind of habitat than that lost (in-kind loss).
Mangrove habitat has been replaced out-of-kind because It has been
recommended that £. alternlflora be planted initially with the
expectation that mangroves eventually will colonize planted areas.
The remaining out-of-kind replacement projects which failed resulted
in the creation of approximately 10 ha of unvegetated, shallow,
subtidal bottom. In the one large project, Apollo Beach, 110 ha of
mangrove forest ware destroyed. Natural recruitment has resulted in
a dense mangrove forest 13 years after destruction, but from aerial
photography tho area appears less well developed than an adjacent
undisturbed mangrove forest.

Recommendations

Human construction of wetland habitats is difficult and should

be attempted only after all other avenues have been explored. It is
better to avoid or minimize development Impacts during the planning
3tage than to redress or compensate for them later* If impact
avoidance is not posolble, in-kind replacement of the habitat is
recommended. Replacement by an alternate habitat should be
considered only if the replacement habitat has been determined to be
rare and endangered and the habitat lost is relatively common.
Restoration for lost habitat 3hould occur in upland areas, if
possible, so that wetland area is maintained at a constant level.
Enhancement of existing wetland is desirable to mitigate for impacts

that degrade but do not destroy wetlands.
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Additional compensation by roplacing more area than that lost
should be required if the probability of successful replacement of a
habitat type is low, as with soagrasses, or if the length of time for
recovery is longer than two growing seasons, as when Spartlna
alterniflora is planted to replace mangrovos. Although this species
is recontmended for planting instead of mangroves, the succession to a
mature mangrove forest requires many years. During the successional
period, the many functions of mangrove forests, including provision
of breeding habitats for wading birds and pelicans (Schreiber and
Schreiber, 1978) would not be realized. Our site surveys were
primarily vegetation surveys. Although we recorded observations of
fi3h and wildlife, November is not a time when use by birds or fishes
is very high. Quantitative observations during different seasons and
knowledge of fish and wildlife usage of comparable natural habitats
arc necessary for a cotcplato evaluation of the success of the

restoration projects.

Monitoring to determine that restored habitat is functioning
well for its stated goals and maintenance to control damage by
floating debris and Invasion by exotic plants should be Included In
the design of future projocts. Documentation and publication of tho
results should be required so that this information is available for
future projects. Future altlgatlon/restoratlon projects in wetlands
may be more successful if specific goals for the area being restored
are 3tated, compliance Is more strictly enforced, and restoration
techniques are refined to meet the goals. A detailed mitigation
policy must be developed. Assurlty bonds should be required prior to
issuing permits. Detailed mitigation policy has yet to be developed
by the Stato of Florida, though it is expected in the near future as
the Warren S. Henderson Wetland Protection Act of 1984 is
Implemented. Monitoring and enforcement are increasing as agencies
gain authority to protect these habitats.

Feasibility of Mitigation Options

Table 2 suuiaurlzes the feasibility of aitigatlon/restoratlon
options for each habitat typo discussed. Also Included, where
applicable, are recommended planting species, techniques, approaches,
potential problems, and potential uses of dredged material.

The use of Spartlna alternlflora to create salt marshes is
recoamended for newly created Intertldal areas such as islands or
shorelines constructed from dredged material. Juncus roemerianuo has
been planted In the high marsh areas but it Is slow growing and
sensitive to 3oll elevation. Both species can be planted relatively
inexpensively as sprigs or plugs. Spartlna alternlflora is a
fast-growing grass that can quickly stabilize an Intertldal
shoreline. Fertilizers may be required if the soil is nutrient-poor
and temporary or permanent breakwaters oay be needed in high-energy
environments. The importance of planting elevation for
S. alternlflora Is well documented, and this must be taken into
account for a successful project. As mentioned above, in the Tampa
Bay area, S. alternlflora appears to be a serai stage to mangrove
forest development. After establishment, S_. alternlflora tends to
naturally collect floating mangrove seeds and protect the seedlings
during development.



The feasibility of expanding and Improving mangrove habitat
containing the three species of mangroves found in Florida to good-
The most cost-effective technique Is to plant seeds or seedlings of
the three species* Mangroves aro known as shoreline stabilizers;
potential problems during revegetatlon, however, result from the slow
growth of the trees and spread of their root systems* When first
planned, the mangroves are highly susceptible to erosion by waves and
boat wakes. The most successful projects reviewed were mangrove
plantings in regraded areas within existing rangrove forests, e.g.,
the Grassy Point and Windstar projects. The existing mangroves
provide the needed protection and planting seeds or seedlings
accelerates the natural revegetatlon process. Spartlna alternlflora
can provide the same protection and may be a means for
preconditioning newly created intertldal areas (e.g., those created
with dredged material) for planting or natural colonization of
mangroves. However, a source of mangrove seeds needs to be available
for natural colonization. Optimal planting elevation for mangroves
appears to be at or slightly below the level of the surrounding
mar3h. Also existing mangrove wetlands can be improved by opening
and irnproving connections between Isolated wetland areas and the
estuary. The described enhancement however, should not be used to
mitigate for loos of habitat.

It is not likely that a 3eagraas planting program in Tampa Bay
will oe successful until water quality and clarity are improved
(T3RPC, 1995). Before a large seagrass planting program la
undertaken in Tacepa Bay, an experimental planting program to identify
the seagrass species, locations, and methods best suited for planting
needs to be initiated. Data from tho projects reviewed indicate that
Halodule wrightli, because of its broad tolerance to environmental

stress and pioneering features, may be the most successful species
overall. Thalasaia testudlnum plantings have been successful, but

the species is slow growing. The most successful planting methods
for these species of seagrasses have been plugs, shoots, or
seedlings* Because of the low survival rate of planted seagrasses
and the consequent need for replanting, seagrass planting projects
have proven to be expensive, e.g., Biscayne Bay and New Pass Channel.

Creation of tho other intertldal and subtidai habitats (mud

flats, artificial reefs, and oyster reefs) has not been traditionally
considered as a means of estuarine mitigation, restoration, or
enhancement* However, creation of theoe habitats should be

considered as a means to attract particular 3pecles of fish and
wildlife provided tho habitat has been found to be limiting.
Artificial and oyster reefs can be constructed to attract specific

molluscs, crustaceans, and finfishes and an array of fouling
organisms.

Water quality must be improved before seagrass, algal, and
oyater reef communities can be expanded in Tampa Bay (TBRPC,

1985). Creation of wetlands, which are known to sequester nutrients
and retard upland runoff, may help to reverse the historical decline

in water quality in in Tatrpa Bay. Limitations exist as to the
acceptance of creation of wetlands for water quality improvements.
Many studies have linked the food webs of wetland habitats to
ecoLogically and commercially important animal speclos. Analysis of
historical trends of the populations of these species in wetland
habitats in Tampa Bay is needed in order to prioritise the desired
habitats for a large-scale restoration program and to olva dlreoi*..tin
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to the question of placement (location and size). The feasibility
options recommendod in this section, along with an understanding of
historic habitat losses and desired neodo, should form the basis for
development of a bay-wide restoration and/or enhancement program for
Tanpa Bay.

Identification of Potential Mitigation Sites

Twelve potential mitigation sites wore evaluated: six in
Hillsborough Bay, flvo in Old Tampa Bay, and one in Lower Tampa Bay.
The proposed mitigation plans for tho Hillsborough Bay sites would
involve filling 47 ha of old dredged borrow pits, filling 165.1 ha of
oubtidal sand flats for creation of mangrove or marsh habitat, and
scraping down 52.2 ha of disturbed upland and transitional wetlands
habitat for marsh creation. The proposed mitigation plans for the
Old Tampa Bay sites would Involve filling 132 ha of dredged borrow
pits and scraping down 121 ha of disturbed upland. At the Lower
Tampa Bay site, the plan calls for scraping down of 2.5 ha of
disturbed upland for marsh creation. After evaluating the value of
existing benthic habitats, filling subtldal areas may not be
acceptable as mitigation. Additional projects for Manatee County are
being developed by the FDNR (Evans, 1985).

At a majority of tho sites evaluated or selected as suitable for
habitat creation, submerged lands are owned by the TPA or other State
or local public agencies (e.g., SWFWMD). Of the 12 sites proposed,
11 are located all or in part on submerged lands owned by tho TPA or
other governmental entitles. Three sites encompass some privately
owned land. Prioritization of the .sites should be based on data

concerning wetland habitat loss (i.e., Tampa Bay Trend Analysis
Study) for each area of the bay and/or needs tor particular habitats
or species. The wetland trend study has not been completed and
identification of needs for particular habitats or species has not as
yet been attempted. Criteria that could be used to assign site
priority In the absence of information on habitat loss and needs
include: (1) land ownership (use of public owned lands will minimize
coats)) (2) needs for and feasibility ot restoration in relation to
future port-related projects) and (3) relationships to bay-wide
restoration efforts and habitat needs. Site selection should also

involve consideration of anticipated TPA needs in terms of expansion,
improvement, or maintenance, and the types and amounts of unavoidable
habitat losses projected. If the goal is to mitigate unavoidable
losses due to future port development, a balance between habitat
needs and anticipated unavoidable losses should be established.

Additional important factors to be considered in relation to

site selection include pumping distances, suitability of dredged
material for habitat creation, and the quantity of dredged material
needed. Only sites within Hillsborough County may prove feasible
from an engineering viewpoint) sites in Old Tampa Bay, excluding



HacOlll, would probably exceed maximum allowable pumping distances.
Projections of tho volume of material to be dredged over the next 25
years are currently being compiled by the TPA. Of the total volume,
most will be maintenance dredged material that may not be suitable
for habitat creation. The potential use of maintenance dredged
material for habitat creation should be evaluated further or disposal
on upland or offshore slteo may be necessary. The foasibility of
alternate sand sources for some of the projects should be considered.
Future TPA dredging and development activities may not generate
enough good quality fill material required to complete the selected
mitigation projects. Upland sand sources for some of the projects
may need to be considered, especially those In upper Old Tampa Bay
which are isolated from TPA projects.

Another problem to be concerned with is the scarcity of single

large upland sites for habitat creation* Proposed projects at 9 of
the 12 sites evaluated involve the scraping down of uplands* The
size of the proposed siteo ranges from 2 ha (Delaney pop-off canal)
to 49 ha (Booth Point). Of the proposed areas for habitat creation
involving the scraping down of uplands, 30% and 69% by area are
located in Hillsborough Bay and Old Tampa Bay, respectively. In

light of this scarcity of upland habitat for creation of new
wetlands, restoration and enhancement of existing degraded wetland
may need to be evaluated though this type of mitigation will not be
acceptable for loss of wetland habitat* Mitigation needs for
development may require that avoidance, reduction, and minimization
of adverse effects be pursued as mitigation rather than destruction
of wetland habitat.

Management and/or Restoration Recommendations

As the legal framework for environmental preservation and
protection becomes more defined on all levels of govornment, the fact
that we can no longer afford to lose wetland habitat to development
should be made clear. To achieve this goal, mitigation that avoids,
minimizes, and reduces the effects of development on wetlands should
be recommended before replacement of habitat Is even considered.
There is a need for a local agency with an ecoregional perspective to
oversee and coordinate the protection of natural resources in Tampa
Bay. The initial stops in a coordinated effort to set regional goals
for correction of the environmental problems in Tampa Bay have
recently been undertaken by the Tampa Bay Management Study Commission

(TBRPC, 1985). The' Future of Tampa Bay (TBRPC, 1985) proposes
solutions and funding sources for many of the environmental problems
indentified in Tampa Bay.

When a project has been found to meet the requirements
justifying unavoidable loss of habitat and all other alternatives
have been explored, mitigation requiring compensation may be
necessary. To provide guidance to developers and agencies for

developing an acceptable compensation plan, the local agency should
have defined regional restoration goals and determined the design
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criteria adequate to achieve these. The regional goal3 will
determine whether in-kind or out-of-kind habitat replacement is to be
recommended.

In this report it has been shown that marsh vegetation, i.e.
mangroves and Spartlna alternlflora, can be planted with rolatlve
ease and expected to grow well in Tampa Bay. As previously
demonstrated, seagrass restoration, however, is still experimental
and results are unpredictable. The value of benthic habitats and
recommendations for their restoration has not boon determined.

For compensation to be fair and consistent, standardized
evaluation procedures (ways to determine the gains and losses from a
development project and compensation plan) need to be used. The
USFWS Habitat Evaluation Procedure (HEP) is useful, although it has
not been used extensively in coastal environments. The reasons
appear to bo the limited availability of trained personnel, the
uncertainty about its validity in habitats that aro naturally
variable, and the limited availability of models. However, the
number of models tor species in wetland habitats have recently
increased. HEP also does not evaluate all wotland "functions."
Adamus and Stockwoll (1983) have proposed procedures reported to
evaluate other "functions" but some of the assumptions used to
develop the predictors are untested, disputable or wrong for some
regions of the country. Before this or any procedure is recommended
for use, it needs extensive field testing by qualified scientists in
the types of wetlands for which it is reccceended. These tests
should be performed in wetlands for which there are at least 5 years
of hydrological and ecological data and the procedures revised to
reflect what is learnod.

Once compensation has been accepted, compliance with the plan
proposed must bo ensured. This is best accomplished by including a
consistent monitoring plan as part of the project cost. The
information provided by monitoring can also assure that regional
needs arc being met, provide information for updating regional goals
and more effective design criteria, and indicate whero research is
needed.

More research is needed on certain aspects of wetland
restoration. Seagrass restoration is still experimental and results
are not predictable. More research is needed on the animal use of
mangrove and Spartlna alternlflora restoration projects, comparing
them with existing stands of the plants. Much ot our knowledge on
these systems is intuitive and, as Nixon (1980) indicates, many of
the assertions may bo generalizations. This renoarch may lead to
more effective design criteria for the planting and monitoring of
restoration projects.



A major problem In implementing any type of mitigation policy
for Tampa Bay is that the State has only begun to creato the
necessary legislative framework. Tho Wetlands Act of 1984 provides
for mitigation of activities deemed unavoidable, i.e., compensation
in the in the project. The procedures for administrating this
policy, however, havo not yet been defined and therefore guidance for
the administration of these laws currently does not exist.
Therefore, development of State, regional, and local mitigation
policy needs to occur and be coordinated with the Federal policy to
provide guidelines for wetland protection and development.
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SEAGRASS: A NEGLECTED COASTAL RESOURCE

Lionel N. Eleuterius
BotanySection

Gulf Cost Research Laboratory
Ocean Spring!, MS 39S64

Summary Discussion

A companion of Ihe published seagrass lileiatuie wilh thai on tidal marsh indicates <hai
Ihe lallei has received far more mention over Ihe past 20 years than seagrass. Presenil) an
approximate ratio of 100:1 exists. Less than 500 references exist on Ihe botanical anil
ecological aspects of seagrasses found in the northern Gulf of Mexico. The primary species
found in Ihis region are: Thalaitia tcuudlnum, Syringodium filiforme. Halodule wrtghtii and
llalophila engelmannii. Ruppia maritime Is estuarine in Louisiana, Mississippi and Alabama.
here it does nol grow intermixed with the three. In sharp contrast.Ruppia maritima occurs
associated with true seagrass in Texas and South Florida. This paper addresses ihe three main
causes thai have resulted in a lack of research and, hence, information on seagrasses. Although
seagrass meadows arewell known within lite scientificcommunity, to be important as habitat
for a multitude of marine animals, little is known about the plants themselves. The basic
problems are: (1) logistical. (2) difficult species to work with, and (3) lackof publicaware
ness. Most seagiass meadows lie or extend a considerable distance off the mainland shore.
Proper study of these seagrass meadows requires the use of seaworthy boats which usually
entails a costly logistical operation. Such costs have, correspondingly, caused many funding
sources some reluctance in supporting seagrass research. Consequently little is known about
the autecoiogy of the various seagrass species of their physiology, adaptations, systematic! or
reproductive biology.

Secondly, transplanting and culture sludies have clearly shown thai seagrasses arc
extremely sensitive to dislurbance. Transplanting and cultural sludies are still extremely
experimental. And nobody has successfully grown seagiasses for any significant length of
time under controlled conditions in Ihe laboratory or in glasshouses (greenhouses). Generally.
many of the plants die in bolh transplantation and cultural studies which clearly indicate that
seagrasses are difficult io work wilh. Consequently some scientists are reluctant to work with
plant species or attack problems with which there is a very high degree of potential failure.
Lack of coordinated field and cultural sludjes has resulted in an almost total absence of

physiological information.

Thirdly, a lack of public awareness of seagrasses exists because they occupy a submerged
habitat and are therefore not highly visible in comparison to tidal marshes. Furthermore,
most seagrass meadows arc off the mainland shore and the general public simply is not aware
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of them because of this distance factor. Most people are not aware that the sea bottom may
be vegetated by plants thai produce flowers at such considerable distances from the mainland
shores. Alack of public awarenesshas resulted in a lack of public support for seagrass research
and hence, their preservation. Efforts should be made to inform Ihe general public of Ihe
presence of seagrasses and of their Importance as a coastal and marine resource.

The literature clearly Indicates that there is a world-wide decline of seagrass. The causes
are unknown or poorly known and probably vary from place to place. Kemp (1983) presents
an excellent general treatment of Ihil subject. Locally, in the Mississippi, Louisiana, and
Alabama coastal waters, hurricanes have been a major cause of seagrass destruclion. In Missis-
sippi Sound, freshwater released through The Bonnet Carre Spillway above New Orleans.
Louisiana, travels through Lake Pontchartrain, Lake Bourne and enters Mississippi Sound,
where it has kept waier salinity at zero for three months or more. I surveyed Ihe seagrass
beds in Mississippi's coastal wateis in 1968 and 1969 and prepared maps of their locations
(Eleuterius, 1971). There were about 4,662 hectares (11,520 acres) of bottom covered by
seagrass. Hurricane Camille occuncd in 1969 and destroyed many seagrassbeds. I resurveyed
our coastal wateis foi seagrass beds in 1970 and each year until 197S and found that about
1,970 hectares (4.866 acres) remained which is reported in Eleuterius and Miller. (1976).
Aboul 30% or 1,396 hectares (3,448 acres) of seagrass beds were lost due to Hurricane
Camille, and a loss of about 28% or 1,296 hectares (3,202 acres) was attributed to prolonged
low salinity. Fot a total loss of 38% over a six year period.

Numerous seagrass species are involved in the world-wide decline. Moreover, most evi
dence suggests thai anthropogenic influences are involved. Increased inputs of nutrients,
inorganic sediments, petroleum and industrial contaminants have been cited in relation tu
diminution of seagrass in the Dutch Waddenzee (Den Hartog and Polderman. 1975), Ihe
French Mediterranean (Peres and Plcard, 197S), Cockburn Sound Australia (Cambridge,
1979), Chesapeake Bay (Bayley ct al., 1978; Orth and Moore, 1981; llaramis and Carter,
1983) and Tampa Bay, Florida (Lewis et al., 1979).

Disease organisms, such as animal parasites, parasitic fungi and harmful bacteria or
viruses have nol been adequately investigated. Disease organisms are more apt to inled
stressed plants, than those In a healthy environment. By what criteria does one determine a
"healthy" environment for seagrass or healthy seagrass plants? Although a considerable
amount of research examined the mysterious "wasting disease" which decimated populations
of Zostera marina during the I930's (Tutin, 1938), Ihe etiology of the disease still remains
unclear. However, the impact of the "wasting disease" ol Zostera marina has caused signifi
cant direct and indirect effects on the marine environment and the associated seagrass fauna
(Rasmuuen. 1977).

Suggested Research Priorities

Enough research has been done on seagrass productivity, decomposition and associated
animal communities Io establish the importance of their ecologicalrole. Physiologicalstudies
should receive top priority in research programs on seagrasses. However, these must involve
cultural sludies in the laboratoryor "greenhouse" where living seagrass can be maintained over
a period from two to four yearsor longer. It is often difficult or impossible to extrapolate
ecological data taken on seagrasscommunities in Florida, Texas or North Carolina Io those in
Mississippi, Louisiana or the Alabama coasts because the geographical locations represent
greatly different environments. Furthermore, there is no doubt that seagrasses growing in
south Florida and Texas aredifferent physiologically from those growing In Mississippi waters
(Evans et al„ 1986; Pullch, 1985; McMillan, 1978). These facts bring into focus the need lor
detailed systematic studies. There is considerable variation within a single speciesin certain
localities anddocumentation of thisvariation Islacking (Eleuterius, 1974;Eleuterius. In press,
Phillips and Lewis, 1983). The decline in seagrass populations begs Ihe question: "What is



the cause?" Although some reports indicate that pollution, increased turbidity caused by
rapid run-off of rainwater and heated water from electrical generating plants, dredging opera,
lions, diversion of freshwater, and outboard motor "ruts" have all caused damage to seagrass
beds, little attention has been given to disease organisms as agents causing large-scale decline
in seagrass beds in tropical or subtropical waters. Hurricane and siorm damage Io seagrass
beds is relatively well known, but continuous survey and inventory is necessary to assess
damage, acreage and standing crops. However, the rale of seagrass recovery is not uctl
known. Moreover, seagrass beds displace themselves in a westerly direclion in Mississippi
Sound (Eleuterius, 1974).

Much needs to be done to determine the ecological factors that affeel Ihe growth olM-j-
grasses. Furthermore, Ihe sediment and water chemistry of seagrass habitats need to be cliar-
acterized at many widely separated geographical locations. Such data would be important Tor
comparison elsewhere and provide a better understanding ofthe local conditions under winch
seagrasses grow. Light quality and intensity are important and water pressure needs to be
looked into. These kinds of data are needed also in designing culture systems in the laboratory
and greenhouse where physiological information can be obtained and bioassays, using tea-
grasses, can be conducted.

Although many scientists feel that transplanting seagrasses is not "worthwhile." 1 dis
agree. Much physiological and morphological information can be obtained from such studies,
and they should be continued. A few "transplants" can make an ecological difference. Many
transplantings have been successful (Thayer et al., 1982; McLaughlin el al., 1983; Eleuterius
and McClellan, 1976; Eleuterius. 1975a; Eleuterius, 1975b; Eleuterius, 1981).

Furthermore, the reproductive biology of most seagrass species requires further clarifica
tion (McMillan, 1985a; Caye and Meinesz. l985;Durako and Moffler. 198S). Flower produc
tion in Mississippi Sound occurs periodically and this year (1986), seeds were produced
abundantly, but none have germinated. After extensive searching no seedlings were found.
Are they sterile? Docs something feed on the teed? Are Ihe seeds swept oul inlo the deep
sea? McMillan (1985b) reported on a "seed reserve" in Ihe sediments of seagrass habitats in
the Laguna Madre off Texas. No such seed reserve occurs In Mississippi Sound (Eleuterius.
unpublished data). Over a period of I8W years of close observation 1 have seen few seeds, so
the seagrass populations in Mississippi Sound are obviously mainiained by vegetative growth.
A precarious situation.

Research must solve so-called "pure science" problems In order to arrive al practical
application. The following is based on this consideration. Detailed in silu studies which will
define the major ecological factors influencing the growth of seagrasses are needed. Emphasis
should be placed on light, substrate and water characteristics. I suggest that these follow an
autecological approach with appropriate manipulations made In Ihe field. Concurrent or sub
sequent laboratory culture studies should be designed to replicate environmental conditions
as determined in the seagrass ecosystems. When successful culture of seagrasses in the labora
tory or greenhouse conditions are obtained, critical controlled study and assessment of eco
logical and physiological factors will then be possible. The lack of vigorous adventitious
growlh and its total absence in most instances indicate thai seagrass ecosystems are fragile. A
fresh look at the morphology and growth patterns of the seagrasses, especially Halodule
wrtghttl. needs to be carried out. Morphological work, based on statistical analysis, which
would reveal the relationship of rhizomes and shoot production would be extremely impor
tant io a better understanding of vegetative growth and rates of rhizome growth. Can the
growth rate of seagrass rhizomes be enhanced in such a manner that the plants will spread
moie quickly? Do cerlain genotypes within a species grow much faster lhan others? Bigley
and Harrison (1986) offer some interesting possibilities.
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Light penetration Is probably one of the factors limiting seagrass distribution in turbid
waters, such as Ihat found along the mainland shore in Mississippi. Seagrassesin Mississippi
Sound are not generally found growing in water greater than 3 meters in depth (MLW).
Phillips (1960) and Taylor (1928) Indicates thai In Cuban waters the greatest depth was about
24 meters (80 feet). However, even in these clear waters, maximum growth occurred in
shallow waters of 7-16 meters (23-52 feet). Buesa(1975) also Indicates that blue light may
favor Ihe growth of Syrlngodlum flliforme and red light for Thalatsla lestudinum. II is Inter
esting Io note Ihat T. lestudinum is very abundant on the soulheaslein Cuban shelf, whereas
in Mississippi Sound, Halodulewrightii Is the most abundant species. A combination of water
depth, wave energy and an array of related ecological factors affect seagrass distribution
productivity and reproduction at different locations.

Concluding Remarks

It Is extremely important that techniques ofculluring seagrasses, including tissue culture,
be developed as soon as possible in view of declining and disappearing populations, well
adapted to geographical areai. Such a siluation exists in Mississippi Sound loday. where
Thahssia tcuudinum, Syrtngodium flliforme and Haloduleengelmannii have practically dis
appeared, primarily because of Hurricane Elena and several other storms and hurricanes ihat
occurred here in I98S. Restocking from an Innovative seagrass nearby nursery may save these
especially adopted ecotypes and genotypes from extinction. Hopefully, it is not too late.
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EVOLVING RATIONALES FOR FEDERAL HABITAT PROGRAMS

Preface

Thomas E. Bigforrj
Habitat Conservation Branch

National Marine Fisheries Service
National Oceanicand AtmosphericAdmsuslntion

Gloucester. MA 01930-3097

This paper is theopinion of the author. It may not represent the
views of other agencies or staff. Nonetheless, it does explain
some of the pressures affecting habitat conservation programs
during an era of decreasing federal budgets and growing coastal
development pressures.

Introduction

Federal habitat programs In the Northeast, and perhaps elsewhere,
are entering a newera In their efforts to restore and protect
living marine resources and their habitat. These new challenges
to existing programs threaten to change program emphasis, affect
the breadth of coastal resource planning, and limit the tools of
federal habitat managers. This trend is most obvious at the
budget and management decision levels where pressures from
development and oonruercial Industries and politics are most
severe; fortunately, many staff biologists and planners still
operate with the full agency mandates In mind, unperturbed by the
neglect accorded to their work by decision-makers. Regardless the
inefficiencies and frustrations of this situation will probably
continue. Hopefully, habitat conservation programs and employee
morale will endure.

What Does This Mean to Resource Managers?

The Implications of this growing shift are significant. In NOAA's
National Marine Fisheries Service, habitat conservation has always
been a broad concept related to coranercial, recreational, forage,
and protected species. Specific mandates provided NMFS with an
entree into habitats for existing anadromous and marine species
and for historical habitats vital to species under restoration
such as Atlantic salmon and striped bass. However, with the
narrowed emphasis on habitats related to species with oonrnerical
value and with political pressures to support major development
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projects, NMFS has been forced to apply its dwindling budgets and
resources to only a small portion of its mandated
responsibilities. In the Northeast, NMFS habitat programs find
Increasingly less time for forage stocks despite their importance
to corrmerclal fisheries, less effort corttnltted to habitat
supporting species under restoration in their former ranges, and
little Interest in species of low fisheries management concern
despite their Importance to recreational fishermen or marine
ecosystems. Protected species may fare even worse.

Concerning the NMFS mandates In wetlands, commercial fisheries,
anadromous fish, and the Clean water Act, these artificial
constraints are very frustrating. NMFS opportunities to Influence
Army Corps of Engineers' decisions in their Section 10 and 404
permit revtews have been reduced by policies in both agencies, and
Northeast Region participation in other project planning like
hydropower projects has suffered from the budget ax. Despite
these concerns that various habitat components and mandates may be
neglected, thts shift does reflect budget realities and current
administration philosophies. This shift should not be interpreted
as an Intentional abrogation of legislative mandates by the
Individual habitat offices that are trying to balance budget
impacts and resource threats.

This trend is not limited to any particular Issue or species In
the Northeast, and perhaps not even to just the Northeast. One
major limiting factor Is the emphasis on species covered by
fisheries management plans prepared under the Magnuson Fishery
Conservation and Management Act. In the Northeast, with the
preponderance of offshore rather than estuarlne-dependent
fisheries, this means more emphasis on lobster, scallops, cod, and
haddock than would be seen in the Southeast where the major
commercial fisheries are shrimp and menhaden, both estuarlne-
dependent species. This trend toward emphasis on commercial
fisheries is accentuated by the NMFS and fishery council
philosophy that stocks In state waters should be managed by
interstate commissions rather than federal intervention. Another
exaaple is in the art/science of mitigation. Uncertainties
associated with efforts to recoup productivity losses Impose a
definite drain on coastal and estuarine resources. In essence,
mitigation imposes a forced loss of fishery production for at
least the months or years between project development and
completion of mitigation plans.

Conclusions

Despite these trends In the philosophies and budgets of habitat
programs, NMFS and presumably other federal agencies still
continue to emphasize fishery habitat conservation. And continued
pressure to support coastal development can be expected in an era
of expanding human populations and growing desire to live within
sight of breaking waves.

But what are the implications to the living resources and
habitats, and the programs that have evolved In response to
federal and state habitat mandates? First, the recent shift in



management emphasis Is now affecting federal research programs.
Emphases on commercial fisheries and major development projects
has probably slowed NMFS efforts to reprogram part of its
management efforts toward estuarine Issues and growing problems
like environmental contamination, excess nutrients, and coastal
habitat alteration. Second, NOAA's role as the nation's
conscience for marine science has been oompromised by our limited
participation In certain estuarine and coastal issues. Third,
total NOAA/NHFS strength as perceived by other federal agencies
may be declining, as evidence by Department of Interior proposals
to Increase their role in anadromous fish programs and the
Environmental Protection Agency's creation of an Office of Wetland
Protection; both changes could represent the beginning of a
challenge to NQAA/NMF5 responsibilities in estuarine and marine
resources management. Fourth, MMFS may actually be neglecting
legal mandates by limiting Its habitat and resource management
programs. For example, NMFS rarely defends the economic value of
fisheries and their habitat through the full extent of the
Interagency elevation process In their Memorandum of Agreement
with the Corps of Engineers under Section 404(q) of the Clean
Water Act. That agreement enables NMFS to challenge Corps permit
decisions, but NQAA/rXFS rarely exercises Its full, formal
challenge. Fifth, several of the duties now neglected by NMFS may
actually hurt development plans. One classic example is
hydropower applications In the Northeast where 1MFS Is required to
provide written comments to applicants for a Federal Energy
Regulatory OxiRitsslon license to generate hydroelectric power.
Budget cutbacks have forced NMFS not to provide a written oontnent
in response to each permit application received. The result Is
that applicants encounter an administrative hurdle that delays
their programs, and NMFS loses the opportunity to work with
developers to Install fish ladders to help re-establish valuable
anadromous species to their historic ranges. It's a classic case
of both sides losing. Unfortunately, I think this entire issue of
decreased progranmattc support for habitat management and research
is a missed opportunity for all marine resource users.
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THE ATCHAFALAYA RIVER AS A RESOURCE

Johannes L. van Beck
Coastal Environments, Inc.

1260 Main Street

Baton Rouge, LA 70802

The overlapping delta cycles that formed and maintained Louisiana's coastal plain
became a process of the pastwiththecontrols placed on theMississippi Riveranditsmain
distributary, the Atchafalaya River. The resultant wetland losses, compounded by
subsidence, sea level rise, and furthermodification ofthe area'shydroiogic processes make
it increasingly necessary to rely on engineering works for the protection of coastal
development and the maintenanceof wetland resourcebase. The extent to which both these
objectives can be met will depend on the ability to integrate ecological considerations and
engineering. Present needs for improvement of the Atchafalaya Floodway system provide
a significant opportunity to develop this approach as a partial answer to Louisiana's
coastwtde problems.

The characteristics and problemsof the domain of the Lower Atchafalaya River
are almost prototypical for coastal Louisiana. The area combines the often conflicting
needs foruse of the riverasa sedimentand freshwater resource, maintenance of navigation
access and flood control, flood protection of coastal communities, and the reducuon of
water stresses in remaining bottomland hardwoods. Continuing subsidence and sea level
rise will ultimately requirethat flood protectionof the developed areabe accomplished
through levee construction and forced drainage. These costs can be reduced, however, by
maintaining a wetland buffer between the Gulf of Mexico and the leveed area. Wetland
restoration and maintenance would simultaneously serve the partialrenewal of the state's
most important long-term resource. The utilization of the Atchafalaya River for that
purposeis thereforein the public interest forat least two majorreasons. The opportunity to
do so is providedin principle by thecongressional mandate to develop a multi-purpose plan
for the management of the land and water-related resourcesof the Atchafalaya Basin, and
the urgency for the state of Louisiana to undertake the long-term protection and
management of its remaining coastalresources.
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BENEFICIAL USES OF DREDGED MATERIAL
IN NEW ORLEANS DISTRICT

Suzanne R. Hawes
U.S. Army Corpsof Engineers

New Orleans District

P.O. Bo* 60267

New Orleans, LA 70160

Introduction. Louisiana Is losing wetlands at a rapid rate. Recent
figures (Wicker, 1980) Indicate a loss of 50 square olles per year - arvt
the rate aay well be Increasing. There are nuraerous reasons for this
loss. Natural forces such as subsidence, compaction, and sea level ris-:
ore part of the cause. Han's activities also play a part. In order to
make southeastern Louisiana habitable, it has been necessary to levee
the Hisslsslppi River to prevent destructive flooding. The presence of
the levees prevents the periodic nourishment of the marshes with
sediment and nutrients* Petroleum exploration has turned many areas of
coastal marsh Into a maze of canals. These canals can prevent sheet
flow and marsh nourishment, and Impound water on the marsh. Navigation
channels have allowed saltwater intrusion which has destroyed marsh.

Freshwater Diversion. The trend of land loss is real. It can probably
never be reversed, but some measures can be taken to slow it. One
method of reducing it would be to divert fresh water from the
Mississippi River Into the marshes. Some sediment would be carried by
this fresh water - enough to build a 2,500 acres In Davis Fond and 700
acres In Big Har (U.S. Army Corps of Engineers, 1984). But upstream
dams have halved the volume of sediment being carried by the river, so
less is available to create land. The river nutrients would nourish the

marsh and the fresh water would prevent future marsh loss: 83,000 acres
at Davis Pond, 16,000 acres at Caernarvon, and 4,000 acres at Bonnet
Carre.

Value of Harsh. Host measures we take to reverse the trend of marsh

loss will fill shallow open water. Thus, we need to compare the values
of shallow bays and marshes. Bays are Inhabited by various benthic
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assemblages; Juvenile fish and shellfish utilize them as nursury areas.
Large numbers of wintering waterfowl rest and feed In bays. On the
other hand, marsh contains a more complex benthic community because the
lower portions of marsh plants provide additional "living area." Harsh
is more valuable as a nursery because the plants provide cover that
allows juvenile fish and shellfish to hide from predators (Mlnello and
Zimmerman, 1983). The detritus from the decaying marsh plants and the
nutrients provided by the diatom communities also play a vital role In
the estuarine food web (Odua and Zlcman, 1972). Turner (1979) has shown
that commercial yields of shrimp are directly related to the amount of
intertldal marsh, not the amount of open water. Purbearers are common
in Louisiana marshes and thousands of waterfowl and wading birds depend
on the wetlands for their food. Recent research (Mlnello, pars, coram.)
Indicates that use of man-made marshes by Juvenile fish and shellfish is
less than their use of "natural" marsh. However, creation of marsh with
only some of the functions of natural marsh is preferable to continued
marsh loss.

Delta Splays. A slow but sure way to create marsh is to mimic the
natural formation of mini-deltas. The Hisslsslppi River forms a
birdsfoot delta below Venice, Louisiana. Each distributary Is generally
enclosed by natural levees. Where these levees have broken, a Bmall
delta splay begins to form (See Figure 1). We measured the
cross-sectional area and angle of.the most efficient. We will mimic
these parameters in making seven artificial breaks in Hain Pass in order
to allow the creation of 300 acres of marsh (U.S. Army Corps of
Engineers, 1985). It will be necessary to make seven breaks in the
levee because, along Main Pass, there splays seem to reach a oaximua of

FIGURE 1 DELTA SPLAY



only 45 acres before erosion overcomes delta building. This action is
mitigation for marsh loss caused by construction of a hurricane
protection levee system.

Innovative Uses of Dredged Haterlol. We remove about 30 million cubic
yards of dredged material every year in order to keep New Orleans
District navigation channels passible. There are many wayB to use this
material to help stop land loss. The Gulf Intercoastal Waterway runs
along the southern boundary of the Laccaslne National Wildlife Refuge.
A Refuge levee protected a large area of vegetated pond and marsh from
erosion and salinity Intrusion. The levee was In poor shape, so during
a maintenance dredging In 1982, we placed dredged material north of the
old levee. The Refuge used some of the material to make a new levee and
the remainder served to protect the new levee. Along the Baratarla Bay
Waterway, we have used dredged material to build up the bank of a pond
to prevent salinity intrusion which could endanger the trees where bald
eagles nest. Purther west along the GIWW, Grand Lake was threatening to
break through Its northern shoreline. If this had happened, the marsh
north of the GIWW would have been threatened by erosion due to a longer
wave fetch. We placed dredged material in the thinnest spots to rebuild
the shoreline.

Harsh nourishment Is a technique that we use where there is an upland
bank between the waterway and eroding marsh. We place the end of the
dredge pipe at the edge of the bank (See Figure 2) and start pumping.

FIGURE 2 - MARSH NOURISHMENT
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The heavy material falls out among the trees and only the fine material
Is left to flow out over the marsh. This sediment builds the marsh and
fills eroding ponds. Vegetation grows up through the sediments.

Previous Marsh Creation. A major beneficial use of the dredged material
is to actually create marsh. However, we have many constraints. The
authorization for old navigation projects does not include marsh
creation as a project purpose. Thus, we cannot spend extra money to
create marsh. We have a limited budget with which we must keep
navigation channels open and any marsh creation must be done at no extra
cost. It is possible that the new Omnibus Water Resources Bill will
provide additional money for such efforts.

Water quality. We are also concerned about the quality of the soil with
which we would create marsh, since our rivers receive both Industrial
and agricultural chemicals. Near the mouth of the Mississippi, we had a
contractor, MEL Inc., do extensive sediment testing. They found that
these were heavy metals (cadolua), pesticides (chlordane), and PCB's in
the sediments (U.S. Army Corps of Engineers, 1983). If tha sediments
were placed within the intertldal zone, the pollutants would remain in a
reduced environment and be rapidly diluted by river marsh waters. If
they were put above the lnfluenco of the tide, they would be in an
oxygenatel area and more available to the ecosystem.

Bloaassay data showed mortality of less than 10X with both reference
site and disposal site sediments, thus contaminants in the dredged
sediment should not have any short-term toxic effects.

Results of bloaccumulatlon studies indicated that concentrations of
contaminants in organisms living in disposal site sediments were
generally not significantly different from concentrations in fauna
living in reference site sediments.

Impacts of marsh creation. Creating oarsh with dredged material
destroys the benthos in the pond or bay where the material is placed and
creates temporary high turbidities in adjacent areas. Host fish and
mobile shellfish are able to escape. Recolonlzatlon of the benthos in
fine grained sediments occurs within two weeks to six months (KcCauley
et ol., 1976 and Stlckney, 1972). Around the edges of the mound, some
benthos can burrow upward through 20 cm of material (Oliver and
Slattery, 1976). Adult migration and larval recruitment also occur.
Insuring that the material Is in the intertldal zone has three
advantages. It dilutes any pollutants and keep thea in a reduced
state. It allows colonization by marsh plants. Third, it allows better
access for Juvenile fish and shellfish. In Louisiana, marsh vegetation
succeeds naturally if the "final* elevation of the material is correct.

Interagency coordination. Prior to any maintenance dredging, we hold an
lnteragency-plan-ln-hand inspection. We invite state and Federal
agencies to join us In an examination of the proposed disposal sites and



we entertain their suggestions for judicious use of the dredge
material.

Southwest Pass. We first started creating marsh with dredged material
along Southwest Pass of the Hisslsslppi Elver. There we discovered that
If we kept the initial height of the material below six feet, it would
generally compact and settle into the Intertldal zone and marsh grasses
would colonize it. Moving the dredge pipe more often would probably
create more marsh. However, with our limited maintenance budget, this
Is not possible. We have chosen an enclosed area on the South side of
the pass and applied for money under Section 150 of the Water Resources
and Development Act of 1976. We would use the money to keep the initial
height at five feet and monitor this to see if more marsh is created.
We are presently dealing with the leasors of the land to attempt to work
out Institutional problens.

Harsh Creation. Table 1 indicates the acres of marsh we have created

by
TABLE 1

ACRES OF MARSH CREATED

Location Land Ownership Harsh Hud Flats !/

KR-GO jetties State 30 140

MR-GO inland Private 20

Tiger Pass State 230

Avoca Lake Private 600

Sweet Lake State 90

Sabine NWR Federal refuge 200
Atachafalaya Delta State mgmt area 60 300

V These will probably become marsh once we place dredged material on
them again.

carefully choosing disposal sites and moving the dredge pipe as often as
practical. As can be seen, we have tried to build marsh on public lands
as often as possible and have built it in state water bottoms in other
cases. Occasionally ve have no choice but to place the material in 4-
to 6-foot deep open water. It takes more than one dredging cycle to
create marsh In such areas and much material Is lost. The Ideal area

for marsh creation consists of nearly totally enclosed ponds that are
1-3 feet deep. The utilization of sediment Is more efficient In such
areas. In order to estimate the Initial height of the dredged material,
it is necessary to take into account such variables aa consolidation,
subsidence, erosion, accretion, water depth, and sediment type. As we
become more experienced we became more accurate in our estimates. In
1981, we created 600 acres of marsh in Avoca Lake by diking the area and
limiting Initial height to 3.0 HLG feet. Now over half of this marsh is
gone. In our maintenance dredging this year, we will increase initial
height of the material.
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Future Harsh Creation. We are now authorized to dredge the Hisslsslppi
River to -55 NGVD. When we do so, we will move 57 million cubic yards
of material during construction and 30 million cubic yards each year.
We have calculated that we could create 55 square miles of marsh If all
this material is used. In this project, we have Included funds to
control initial height and to monitor and refine our marsh creation
efforts. We have also completed the environmental documentation to
create 500 acres of marsh on Baratarla Bay Waterway.

Conclusion

In summary, marsh Is more valuable than shallow open water. When we use
dredged sediments to build marsh, some toxicants may enter the
ecosystem, but concentrations should not be much above background
levels. And since we are losing SO sq. mi. per year (and have lost one
acre in the 16 minutes you have taken to read this paper) the benefits
outweigh the losses.
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RESOURCE MANAGEMENT ISSUES IN THE
LAKE PONTCHARTRAIN BASIN, LOUISIANA

Charles G. Groat
Departmentof NaturalResources

LouisianaGeological Survey
P.O. Box G

Baton Rouge, LA 70893

The Lake Pontchartrain Basin contains all of the classic elements for land-use
conflicts in a coastal setting. Productive wetlands border much of the lake with
concentrationsin the western portion in the Lake Maurepas area. The south shore of the
lake isoccupied by theexpanding New Orleans metropolitan area and thenorth shore is
facing rapidresidential andrecreational development. The lakehasa productive sportsand
commercial fishery and is the site of shell dredging and petroleum production. Urban
expansion, storm runoff, sewage discharge, resourcedevelopment, and shoreline and
wetlandloss areall impactingthequalityof Lake Pontchartrain watersand the viabilityof
fringing wetlandhabitats ata rapidly increasing rate.

The Governorof Louisianacreateda task force to investigate the feasibility of
establishing a special management area in the basin under the state's Coastal Zone
Management Program to dealwithconflicting landandwateruseactivities. This approach
would utilize specialguidelines, developedby the task forceandadministered throughthe
state program,to define permit conditions forcompeting uses. Concern over restrictions
that would limit landowner rights and over measures that could restrict resource
development has created some strong differences of opinion among task force members
who represent local governments, state agencies, industrial interests, environmental
organizations and federal agencies. The resultsofefforts to createa specialmanagement
areain the Pontchartrain Basinwill be significantnotonly in termsof futuremanagement
of that area, but in testing the abilityof diverse interestgroups to devise and accepta
comprehensive land-usemanagementsystem that goes considerablybeyond the generally
limitedsystemscurrently in placein Louisiana.
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NEARSHORE SAND RESOURCES FOR
BEACH NOURISHMENT IN LOUISIANA

John R. Sutcr and Shea Penland
Louisiana Geological Scrvey

Box G, University Station
Baton Rouge, LA 70893

Louisiana has the most criticalcoastalerosion and land loss problem in the United
States. Landlossin coastal wetlands hasbeenestimated atover 100km2 annually, while
shoreline erosion rates exceed 6m per year under normal conditions and approach SOm
followinghurricane impact In response to thisproblem,the LouisianaGeological Survey
developed the Coastal Protection Master Plan under the mandate of Act 41 of the 1981
Legislature. Phase n of the Master Plancalls for beach nourishment of Louisiana's barrier
islands using sand dredged from offshore sources. To locate the necessary borrow
material, the Louisiana Geological Survey is conducting a statewide nearshore sand
resource inventory on the Louisiana continental shelf.

Datacollection occurs in two phases. High resolutionseismic reflection profiles
are gathered in prearranged, closely spaced grids. The nature of the return of the seismic
signalis in partdependentupon lithologyandcanbe utilizedto map potential sandbodies.
Maps of acoustic targets are compared to modem and historical shoreline geomorphology
tochoose core locations. Cores are needed toconfirm seismic interpretations and provide
samples for textural analysis to determine suitabilityas borrow material.

Current results indicate that significant quantities of sand are present on the
continental shelf. Sands occur in buried fluvial, tidal, and distributary channels,
submerged beach ridges, barrierislands, and tidal deltas, and large shoals. Utilization of
these deposits for beach nourishment depends upon the economics of dredging and the
creationof leasing guidelines to permit use of sands from Federalwaters.
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BARRIER ISLAND RECONSTRUCTION: BRIDGING
THE GAP BETWEEN ACADEMIC RESEARCH AND

ENGINEERING PRACTICES

Roberts. Jones
Terrebonne ParishConsolidated Government
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Introduction
TVJrr3on"ne"~parish is losing vast areas of wetlands and barrier Islands.
Over a 23 year period of time, from 19S5 to 1978, Terrebonne Parish lost
42% of its barrier islands (Wicker, I960). In 1985, during Hurricane
Juan, Terrebonne's Eastern Isle Derniers lost 10 - 20% of its land area
(Penland, 1986). Ihese islands are considered to be a key elanent in the
short term survival of Tarrebonne's wetlands, if the islands are lost,
it is estimated that Terrebonne's land loss would accelerate
geometrically. Shoreline erosion rates for these islands typically aver
age 34 feet per year (Meyer-Arendt, 1982). Terrebonne's islands suffer
much of their damange during severe winter storms or hurricanes. Normal
tidal and wave action is mild and works to restore the islands (Mossa,
1985). This restoration is hindered by lack of sand lost in breaches and
overwashes which occur during the winter storms and hurricanes.

With the disapperance of its islands and its severe land loss problens,
Terrebonne began to seek ways to stabilize its coastline. If not
stabilize, then at least extend the life of its islands and wetlands.
Immediately a debate broke out in Terrebonne Parish, which mirrors the
national debate of soft (natural) defense versus hard (structural)
defenses. In 1982 a report prepared by consultants hired by the Parish
concluded! "Shoreline erosion can be retarded by nourishing the beaches
with introduced course sediments, and the loss of sand can be reduced by
sealing off breaches and washovers and installing sand-trapping jetties
in locations where longshore migrating sand enters major sink areas
(Wicker, 1980). Debate in Terrebonne raged on. Two searches were
initiated at this timet one for funds and the other for information.

By 1983 it was determined that: a) a preponderance of information
available suggested that soft or natural coastal defenses were more cost
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effective in providing protection than hardened structures, and b) that
funding for oofmrnl protection in Terrebonne was not going to be
available fran any source other than Parish coffers. Although the State
of Louisiana had by this time established the Coastal Protection Trust
Fund with an appropriation of approximately $35 million, no procedure for
disburssnent had been established. In fact, as of this writing, no state
Trust Fund monies have been spent on Terrebonne's barrier islands.

With this information and not receiving any action by the state,
Terrebonne's lawmakers decided that: a) they wanted to begin the
restoration of the island chain thenselves; b) they wanted to settle the
natural versus structural argument by implsnenting a natural approach to
determine how it works; and c) they appropriated one million dollars to
the project.

The one million dollar budget affected many of the decisions made
througout the course of this project. The first project developed was to
use Cat Island Pass dredge material for the restoration of a section of
Eastern Isle Dernieres. This pass is located five miles away fran the
project site across open water.

Project Design

Over the last 18 years, the U.S. Army Corps of Engineers has contracted
for eleven dredging projects of the Houma Navigational Canal at cat
Island Pass. In each of these projects, disposal of the dredged material
has occurred in a designated subaqueous spoil area imnediately adjacent
to the Canal. Cat Island Pass was scheduled for dredging in the sunmer
of 1984. Therefore, in the Spring of 1984, the Parish proposed to the
Corps the use of this dredge material for barrier island restoration at
Eastern Isles Dernieres, apprcximately 5 miles to the west of the Rouma
Navigation Canal. Several meetings were held with Parish and Corps
officials which resulted in the Corps' willingness to allow the Parish
the use of the material if the Parish handled and paid for the transport
of the material (Edmonson, 1985).

Project design began by the Parish personnel tanediately. The use of Cat
Island Pass dredge materials for island restoration work dictated several
design constraints for the project. The Corps' dredging project irrpacrgj
the parish's project schedule, the type of material to be used in the
project, and the geographical location of the parish's island restoration
project.

The material to be obtained fran the Cat Island Pass project contained
between 5% and 70S fine material. The sand had an average 0 value of
3.02. With these material characteristics, it was decided that a
settling pond had to be designed to maximize the retention of solids at
the fill site. Ultra fine sand would require seme form of protection.
Work began on the design of retaining dikes and beach front to ring forty
acres for use as a settling pond.

During preliminary design, the Staff began to locate a fill site. A
large active overwash area was located at the eastern end of Isle
Dernieres. This was as close a site as could be found near the Corp's
Cat Island Pass Project. It was felt that the sand lens contained in the
overwash area of the parish site would provide the needed foundation for
the containment pond dikes and dredge material placenent.



This site also satisfied several other objectives of the project. It
provided a good source of material for construction of the dikes.
Construction of the front dike with sand deposited on the washover fan
resulted in a larger grain of sand for the beach foredune. This would
serve to armor the fill material. Construction on the washover area also
minimized the destruction of exisitng marsh habitat. Most importantly,
cconstruction on an active washover prevented a major breach from
occurring at this site in the future.

After selection of the disposal site was completed, a topographic survey
was made of the work site. The site survey was extended 200 feet into
the Gulf of Mexico. This bathametric information was used to determine
the proper slope of the foredune to be established by placanent of the
front containment pond dike. Dikes eight feet in height with slopes of
7 1/2 to 1 were designed with borrow material to come from the washover
fan contained within the ringed area. The front, dike paralleling the
beach, would have a 22 to 1 shoreface slope.

Pinal designs called for 3,200 linear feet of barrier island to be
reconstructed utilizing a fill site containing approximately 38 acres.
This project was let for bids on August 16, 1984. Midway through the
bidding phase of this project it became apparent that dredging
contractors had serious misgivings about bidding the project. Various
dredging contractors were consulted to determine problens associated with
the project. Most ccmments concerned the excessive exposure of the
dredge pipe to the open waters of the Gulf. Distance of transport was
also sited as a major concern. Due to these concerns, the contractors
estimated the cost of the transport pipe alone to be $1 million.
Therefore, an addenda with an alternate for a dredge site 3,700 feet
behind the island was prepared and issued.

At the close of the bid acceptance period one bid was received for
constructing containment pond dikes. The bid for this alternate was
$450,125.00. The bid was rejected because there were no bids received
for the delivery of material and the cost for dike construction was
considered to be too high.

Dredging companies were again Interviewed to determine their problens
with the project and its contract documents. The prcblen of risk and the
potential for large losses was a ccnmon thane in their replies.

Therefore, a new set of contract documents were prepared based upon the
alternate dredge site located adjacent to a tidal inlet. Sand quantity
bid itsns were changed mainly in their method of measurement. The
material from the alternate dredge site was of a much higher quality
than frcm the Cat Island Pass Project with as much as 85% sand
anticipated. Net section cut replaced net section fill as the pay unit
for obtaining dredged material from the alternate dredge site.
Measurenent for payment for the dike placanent could be dananded by the
contractor after 200 feet of material placement. The changes in method
of measurenent shifted much of the project risk from the Contractor to
the Owner. The project was again bid with three alternates on
October 24, 1984. Bids were accepted on Novenber 29, 1984.

Project Implgrtentation
The bid of T.L. James for $841,980.00 to construct the dikes and to place
fill material was determined to be the most economical bid for effecting
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the project. This bid allowed for construction of the project within
budget. The contract for the project was executed on January 16, 1985.
Work on the preliminary topographic survey began immediately to check
levee alignments and overall design. It was found that in a three month
period between surveys, the washover changed significantly enough to
cause adjustments in levee alignment.

Work on the project began on March 2, 1985. The dikes were constructed
by drag line excavation and placanent. Shaping of the dike was
acoomplished by bulldozer. The front dike was partially placed by
bulldozer. T.L. James issued a subcontract to LsBouve Dragline for this
work. Work was accctnplished in 2 1/2 weeks for the contairment dikes and
foredune. This was apriroximately 60% of the scheduled thirty day dike
construction time.

T.L. James began erecting equipment for the dredge activities on
March 14, 1985. The project was canpleted and the dredge was denobilized
by March 31. Total elapsed time for the project was twenty-nine days.
This was approximately one-half the time T.L. James had originally
scheduled for the project. Construction was done in a professional
manner.

There was one major storm during the project. This occurred while dike
construction activities were in progress. Although the island was
overwashed, no significant damage was done to the dikes that were already
constructed.

The sunnier following construction, a vegetation and sand fence program
was initiated as a surcmar anployment program for area youths. Sprigs
were planted, fences erected and a plot was planted with dune grass
seeds. Jtotably, the grass seed did rather well. This shows premise for
reducing revegitation cost on future projects. Also, the dunes erected
with washover fan material were starting to be revegetated from material
contained within the sand.

This project has withstood three hurricane surges. These surges were
caused by Hurricanes Danny, Elana and Juan. Damages caused by Hurricanes
Danny and Elana was minimal. The sand fence, a nylon open weave fabric,
was knocked down and had to be re-erected after these two storms.
HurricaneJuan caused more substantial damage. Part of the foredune was
lost during this storm. As of this writing, bid documents have been
prepared to replace the section of foredune lost and 60% of the project
site has a vegetative cover established.

Conclusions

1) This project denenstrated that soft (natural) defenses could be
effective in protectingLouisiana's coastline. This project is the model
for the Louisiana Department of Natural Resources Phase I Coastal
Protection Strategy.

2) In an era when local match funding is required for State and Federal
spending, econany will have to be a key part of any coastal protection
project. Lower levels of protection at an affordable cost might be
constructed by a society rather than optimum protection at unaffordable
costs.

3) OpUmable material (pf size) might not be affordable or necessary for



successful implementation of such a coastal protection project. Creative
engineering can help overocme the disadvantages of less than optimable
material.

4) Successful project impleaentation requires that as much attention
needs to be paid to design details and contract writing as is paid to the
technology involved in the project.
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CHANGING PATTERNS OF HUMAN ACTIVITY IN
THE WESTERN BASIN OF LAKE PONTCHARTRAIN

Roman J. Heleniak and Charles A. Dranguet
Department of History andGovernment

Southeastern Louisiana University
Hammond, LA 7CM02

Atone time, agreat baldcypress (Imodium distlchum) and lupelo gum (NY5Sa.BtflvT8)
forest blanketed thelowlands which begin south of Ponchatoula. Louisiana, and rings allof
lake Maurepas and thewestern shore of Lake Pontchartrain. (Flo, I). Now, most of the
trees aregone, either thevictim of thesawman's work, or theslow death caused bychanges
tn theecosystem. The region resembles nothing less than a battlefield, one in which the
major combatants were man end nature, and one in which there were no winners, it is
difficult to Imagine that this forbidding landscape once bustled witheconomic activity end
that hundreds of people made their permanent homes invillages located In theheart of the
swamp.

More then seventy years ago, September 28,1915, tobeprecise, it appeared that man
had gained the upper-hand In hisstruggle to survive and prosper In the cypress forest, for
human activity then farexceeded present-daylevels

Some of those working in the swamp were employees of the Illinois Central Railroad
which cuts a forty-five mile swath through the western edge of the basin. Maintenance
crews manned section stations established every fiveor six miles along the right-of-way
and lived in quarters at the sites.

Inaddition to the railroad section stations,there were severalvillagesadjaoent to the
lin8: Frenler, Ruddock, rtanchec (rtters Post Office) and Strader. Some of these people also
workedfor the IllinoisCentral,some farmed, and otherswere employed In someaspect of
Ihe lumber Industry. Many of the lattercould b8 found toiling deep in the swamps sawing
cypress and tupelogum. primarily the former. By 1915, the lumber Industry reigned as
the economic mainstay of the region and the increasing efficiency of logging operations
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pointed to the daywhen all the trees would be cut and the cypress forest would become a
thing of memories

The demiseof the logging Industry,however, wasstill ahalf century in the futurethat
September day in 1915. For the truck farming Industry, the villages of Frenler and
Ruddock, andscoresof peopleliving in the swamp,the futurewouldhit early the next day,

September 29. 19IS. For at that moment, oneof the most powerful storms ever to strike
theGulfCoast of theUnited StateswasroaringacrosstheGulfon anortherly course, Its eye
lockedin on southernImilsiana(New Orleans Times Picayune. 2-4 October 1915).

As the hurricane tracked west of NewOrleans, It literally followed the right-of-way of
the IllinoisCentral, destroying almost everythingIn its path. Thelow-tyingcypress swamp
wasespecially hardhtt: both Frenler and Ruddock were blown into the swamp and would
neverrecover. While thestorm'sforce mightbeconsidered unlgue, thevulnerability of the
areato hurricanes wasnot. for stormspaid periodic visits to the region, ensasrecentlyas
1909 (Barbler. 1984)

The West Indian Hurricane of 1915 Illustrated the difficulty of establishing either
commerce or permanent community life In the Western Basin of Lake Pontchartrain.
Although PierreLeMcyne Sieur deIberville first discovered thatthewaters of thetwolakes
and Pass Menchac could be used for navigation purposes, It was not until the early I9lh
century that commercial schooner traffic developed between small ports on the rivers
draining into Lake Maurepas and New Orleans. By1837 thistrade provided thereason for
the operation of the first lighthouse on a site where Pass Menchac empties Into Lake
Pontchartrain (Clpra. 1976).

The lighthouse stood for thenext 17 years astheonly man-made Intrusion inthedense
cypress forest oftheregion. It lost thisdistinction inI8S4 when enterprising railroad men
completed construction of the forty-five mile long swamp segment of the New Orleans.
Jackson andGreat Northern Railroad, a line whichby the time of the Civil War linked the
largest port cityonthe Gulf with cities onthe Ohio River (Stover, 1955). Following the
war,therailroad through theswemp became part of theIllinois Central Railroad, asystem
that extended from the Great Lakes to the Gulf.

The railroad's construction marked the beginning of theendof the cypress forest. Not
only did the line cut down trees for the right-of-way, It used the timber to construct
bridges, trestles and crossties. Italso provhfed lumbermen, beginning intheI890's, access
to population centersnorthandsouthtomarketthewood.

There was never any question that cypress wood was anideal construction material, for
thewood was extremely durable and easy towork. All the lumbermen lacked, until 1883.
was the technology to harvest trees in theswamp. That year, the invention of the steam
powered skidder made possible two methods of hauling cypress logs from the swamp:
pullboat logging and dunnage railroad logging (Bryant. 1923).

When theStrader Cypress Company began cutting trees onseven thousand acres north of
Pass Manchac. in 1892. it usedthe pullboat system. Despite its limitations—pullboat
logging was confined to natural waterways until lumbermen dredged canals—the Strader
Cypress Company managed to cutenough cypress end tupelo gum tooperate a sawmill at
Strader, located onOwl Bayou one mile north ofPass Manchac (CRT 12:437; 17:82).
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More lumber companieslaunched operationsin the reotonandacceleratedthe depletionof
thecypressand tupelo gum trees. The lumbermen used both thepullboat system and dunnage
railroads to systematically reducethe sin of the forest andclear-cut the land

As logging increased in Intensity, onecompany, the Ruddock Cypress Company, Ltd.
constructed one of the largest and most modern sawmills in thesouthern region of theUnited
States. Theplant, located at the mllltown of Ruddock en the Illinois Central operated until
June of 1902 when a fire totally destroyed themill. The fire raged out of control until
firefighters arrivedfrom New Orleans onthetrain(Picayune, 5 June 1902).

The cutting down of the treescontinued ona major scale until theonset of theGreat
Depression of the 1930s when themarket for cypress, or anyother wood, plummeted It
wasnotuntil the reorganized Louisiana Cypress Lumber Company renewed production in
1936 Ihat logging activity approached pre-1929 levels. From 1936 until 1956.when the
compan/s mill at Ponehatoula sawed its last cypress log, Louisiana Cypress lumber
Company produced anaverage of 14.3 million board feet of lumber per year (LCLC Monthly
Statements, July 1936-Februery 1956).

The closing ofthemillatPonehatoula brought toan end the sixty-four year historyofthe
cypress Industry in ihe Western Basin ofLake Pontchartrain. However, thelegacy ofthose
years lives on.

Aerial Infra-red photographs show clearly the ruthless efficiency ofthe loggers. The
entire region isscarred, either with the circular patterns gouged by pullboat logging or the
parallel linescut by dunnage railroads.

Pullboat logging required "swampers'' tosnake cut logs from deep In the swamp, as much
as three thousand feet, to the boat As the logs were being winched in, they cutnarrow
canals inthe vulnerable surface ofthe swamp. By the time the loggers finished cutting a
section, these "cuts," astheywere called, were often asdeep as five tosix feet (Bourgeois.
1983).

The damage done by thedunnage railroads, while different, was equally asdestructive.
The dunnage railroad bed. made ofsawdust and wood shavings, disrupted thenatural flow of
water through the swamp. Also, this method used an overhead skidder towinch inthe logs
from the swamp. The overhead skidder could transport above the ground asmany asfive or
six large logs tothe railroad cars. Unfortunately, the moving logs bowled over or maimed
trees leftstanding, butinthepath ofthelogs.

The wounding of the environment is an on-going process. Perhaps themost harmful
resultof logging is the increase in the flow of brackish water from lake Pontchartrain Into
areas of theswamp where fresh water once dominated. The problem has been made more
acute by the subsidence of the land, a result of the loss of thesoil-holding root systems of
the trees (Saucfer, 1963).

The demise ofthe lumber industry meant more than achange In the land. Itsignaled the
reduction ofman's presence In theswamp. Gone was an Industry that employed hundreds of
workers tolling in themillsorcutting trees intheswamp. Gone, too, was aunique system



of labor, one which utilized highly specialized tools and equipment and one-of-a-kind
workers. "Swampers," were men with rare skills andan affinity to live and work In an
environment that held little appeal toother men.

Most of the lumber workers had specific duties. On the pullboats, crews consisted of
deckmen, firemen, woodpassers, and engineers. Out In the swamp were the plug setters,
sliders, "saws' (two-man crews using six-foot crosscut saws) and whistle blowers
(Bourgeois, 1983).

Whistle blowers were important to every crew, because they were the only meansof
communication between the men working in the swamp and the workers operating the
winches. Forthis reason,notwowhistle blowershad the samesignal system. Most of them
used varying patterns of long and short "toots", but the man who whistled for Fernwood
Industriesemployed a "talkingwhistle," a sound impossible to captureon paper (Ramsey,
1985)

Whenthe cypress Industry ended, the workers not only lost the opportunityto employ
their specialized skills, manyof them had to change their lifestyles. A number of ihe
"swampers" lived with their families in the small communities of the basin such as
Ruddock, Frenler, Strader and Manchac They supplemented family income, when not
workingfor the lumbercompanies, with othermeans suchas fishing,shrimping, trapping,
hunting, boat buildingandmoss gathering. Most of these activities, the exceptions being
fishing and shrimping,declined when thetreeswereremoved. Moss gathering wasanearly
casualty.

Although the growing popularityof syntheticswould havedoomed the moss industry
eventually, it suffered a prematureend because of the reduction of the forest. While noone
earned great wealth,mossgatherers could getas much as six centsa pound for mossat the
ginwhere it wasprocessed and pressed Into bales. The finished product provided padding for
furniture andautomobile upholstery (Kraemer, 1984). It goes without sayingthat since
Spanish moss grew ontrees, theremoval of thetreesmeant theendofSpanish moss.

However .while It lasted, the moss industrydid provioe a sourceof needed revenue for
families livingIntheswamp The United States Census of 1900 listed it asoneof themajor
occupations of persons living in Rwttek end Frenler (U. 5., Department of Commerce,
Bureau of the Census, 1900).

Another occupation to suffer from the cuttingdown of the trees was boatbuilding, in
some cases swampers cerved their own pirogues (a dugout canoe found everywhere in
southern Louisiana) outof solidcypresslogs (Heath. 1984). There werealsoprofessional
boat builders in the region whoconstructed boats of varying size, from the pirogue up to
houseboats with four or five rooms The larger craft required the use of "tank grade"
cypress planksat leastthree inchesthick. Thisaspect of the industryhadadded importance
because manyof theswempers livedon houseboats which could be moved to accommodate the
needs of the workers in the lumber Industry(Kraemer, 1984).

The Industry hasnot totallydisappeared, because boats—the Manchac skiff—are still
being made In Manchac, but fiberglass has taken the place of cypress as the primary
building material.

Thedecline tn cypress trees hasalsochanged the maintenance program of the Illinois
Central. When trees were abundant, the railroadhadsectioncrews housed at Intervals along
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the track. When ties nasoed replacement, the crew or an independent contractor cut down
trees andcarved the eight footby eight Inchties out of the logswith anadz(Reno. 1983).

Although It is obvious that theclear-cutting of thecypressforest resulted in theem) of
several petty enterprises dependent ona supplyof trees. It is moredifficult to state with
certaintyhowor why thedespoliation of the forestcontributed todeclines Inthe trapping of
fur-bearing animals and the hunting of both waterfowl and gems animals suchas deer,
rabbit andsquirrel.

At this time, scientificdata detailing the population tossesof waterfowl, deer, squirrel,
mink andrabbitare not available. One canonly rely onthe testimonyof personswholived
Intheareamorethen fifty yearsago. Ttey recall thatg^eabwnded In theswemps. One of
thesewitnessesremembersthat tn the 1920s hecould seeherdsof deer, "likecattle,"along
theshoreof lake Pontchartrain (Degruy, 1984). Swampers desiring a venison roastonly
hadto selectadeer froma herdof twenty or moreandshootit (Ibid).

it is true that extensive logging operations produced physical changes In the basin's
vegetation. But other factors havehelped alter the animal population. The Introduction of
theSouth American rodent, thenutria,hasinjured the fliuskret population all oversouthern
Louisiana. Furthermore, increased hunting and greater accessibility (interstate highways
and boat launches) have, understandably, contributed tothedecline ofgame animals

Yet, theIncreased accessibility is, In part, adirect resultof logging practices. The many
man-made canals allow sportsmen to reach areas of theswamp by boatthatwould havebeen
difficult to enter on fool Furthermore, the removal of the trees and the chances In
vegetation, suchas the decline In the number of palmetto palm,havereduced the cover for
game animals, making them easyprey forhunters.

Not all thephysical changes werecaused bytheloggers. Atone time, tn thelate 19thand
early20th centuries, thecommunities of Ruddock and particularly Frenler served as the
centers ofasuccessful winter and spring truck farming enterprise, which required removal
of treesanddrainage of the lend

These small communities, both settled byGerman Immigrants In themid to late 19th
century, became famous for thesizeand quality of lettuce and cabbage grown in therich,
black "coffee ground' earth. Martin Schtoesser. the region's first settler,started a wood
stavebusiness but soon became Interested Inthegrowing potential of thesoil. He sentback
to his native lend for cabbage and lettuce seed which he planted and got more then
satlsfactoryresults(8ankofSl John. 1974).

The truck farming Industry built by Schtoesser and the other immigrants is in some
ways a classic example of people taking advantage of and trying to Improve upon their
environment. On the positive side, thesoil, rainfall and temperature In the winter and
early spring were ideal for raising cabbage and lettuce. On the negative side, the low-lying
lands between the two lakes were flood prone and highly vulnerable to hurricanes which
per lodlcally raked the erea

Asaresult,theresidents constructed entire communities and sidewalks onpilings. Most
houses stood at least eight feet above the soupy ground (Reserve (La) L'Chservateur. 20
January 1972). To prevent Hooding of the farms, the residents built a system of levees
around each farm. These levees also served as foot paths linking all the farms in the
community (Ibid.).



By the early 20th century, the hard-workingGerman farmers madethe cebbaga and
lettuce grown in the swamp well-known throughoutthe nation andwere shipping, by rail,
their produce to Chicago. As the fame of their product grew, so did the communities of
Ruddock and Frenler. By 1910 Ruddock counted over seven hundredresidents (Fortier.
1914) and Frenler had close to twohundred (U.S., Department ofCommerce, Bureau of the
Census, 1910).

The citizens of Frenler were especially proudof their community. In l894,Monstgnor
Leander Rothof Kenner. Louisiana, contributed$150 towards the constructionof the Holy
CrossChurch. It became a focal pointof village life, andthe parishioners usedthe church
for baptismsendmarriages. Funerals, however, were held five miles northof Frenler on
anIndian shell mound—tha only"hltf" ground for miles (Vicknelr, 1971).

Frenlermade another giantstride In 1914 whenthe community opened the doors of Its
first school. Unfortunately, the school hada brief history, because it. and the village of
Frenler,wereblownaway by the 1915 West Indian Hurricane (Ibid).

Survivors of this disaster, whoere still alive, canstill recall the horror of the tempest
which hit the area with awesome force on September 29,1915. By the time the storm
roaredout of Louisiana heading to the northeast. It left In Its wake over 350 dead end
property damage tn themillions ofdollars (PJc&une., 2-4 October 1915).

Forthe communities of Frenler andRuddock, there wouldbe little rebuilding. What was
left of both communities was strewn across a wide section of the swamp. Fatalities were
high In both places, twenty-five dead at Frenler (Ibid), andal Ruddock rescue workers
spent days searching for survivorsand burying thedead (Baton Roups Morning Advocate.
17August 1979).

Survivors of the storm endothers--trappers endhunters—didreturn to the area In
small numbers In the years Immediately following the hurricane. At Ruddock they
established camps In railroad boxcars blown Into theswamp during thestorm (Bank of St.
John, 1974). And,at Frenler, there was some hopeas late as 1922 that the community
could once again become "one of the Important towns of this (St. John theBaptist) parish."
(Laurent, 1922). It didnot. Today there Is nota traceof either Frenler or Ruddock, save
forsomeoldpllIngs at Frenler Beach ontheshoreof Lake Pontchartrain.

Thewriter who, in 1922. predicted that Frenler would onceagain become a thriving
community pinned his expectations on the area'snatural beautyendpotential as a tourist
center. While he missedthe markon the Frenler area, the Manchac region to the northdid
develop, tn part, as avacationor week-end retreat community.

The recreational use of Pass Manchac dates from 1907. when the millionaire brewer and
businessman from NewOrleans. Edward Schlieder, acquireda 5,500 acre tract of cut-over
cypress land from the Salmen Brick endlumberCompany (Schlleder servedon the board of
directors). Onthis site, nowknownas Turtle Cove, located on the southernshore of
Pass Manchac about a mile from Lake Pontchartrain, Schlleder constructed the most
elaborate dwelling In the swamp. In addition to the two-and-a-half story main building.
Schllederadded a largeboathouse, a caretaker'shomeandacock longenough to accommodate
his seventy foot motor-drivenyacht All theconstruction material andequipment, including
a steam-powered dredge, had to be barged to Pass Manchac from New Orleans (Succow,
1984).
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Schlleder spared no expense, nor did he deny himself any luxury. The camp hadelectric
lights and a walk-In refrigerator powered by a gasgenerator. The refrigerator often
contained sides of beef, fresh vegetables, fruit and,at times, carcassesof deer slain on the
property. Mrs. JosephineHeath, who livedon the property as a younggirl fondly recalls
thattha"place waslikea piece ofJewelry." (Heath. 1984).

Fewcouldaffordto buildcampsas luxuriousas Schlteder's,but prior to WorldWar I,
several more vacation camps, primarily for hunters and fishermen, appeared in the Pass
Manchxarea(Succow, 1984).

Theconstruction of camps and week-end retreats hasaccelerated sincetheclosing of the
cypress logging Industry In 1956. Improvements In transportation systems havemade the
region more accessible. The first road (unpaved) linkingcommunities north of the Pass
withNew Or leans opened for trafficIn1926 (Jones, 1984). That first road brought about a
profound change to the swamp. It reduced the necessity of people to establish permanent
homesIn the areaanddowithout the basicattractionsof community life, schools,churches
andcommercial outlets. Eventually the roadwassurfacedwith blacktop end tn 1965 a new
andwiderhighway wascompleted, U.S. 51,which,unfortunately, closed to traffic thatsame
year when Hurricane Betsy damaged a portion of the highway (Morning Advocate. 11
September 1965).

Thedifficulty of building andmaintaining highways on themarshysurfaceof the swamp
led federal end state highway plannersto construct 1-55 abovethe swampon pre-formed
concrete sections. This projectwascompleted in 1979.andthere is nowanelevated highway
that extends from Just south of Ponehatoula to metropolitan New Orleans (Picayune. 26
May, 1979). This highway hasonlytwoexitsbetween Ponehatoula and LePlace; Manchac
end Ruddock. Bothsites contain public boat launcheswhich havecontributed to an Increase
in recreational activity In the waters of Pass Manchac and the many man-madecanals
dredged by the lumber companies andhighway construction crews.

Not all thepeople using thewaters of thearea arevisiting sportsmen, for thevillage of
Manchac hassurvived Most of its residents earntheir livingInoneor moreaspects of the
seafood industry. It would besafetosaythatIf thecatfish,crabs,and shrimpdisappeared ,
there would be little reason for Manchacto exist

Therefore, it is Important to the professional fishermen of Manchac and visiting
sportsmen, thatthe water quality of the Pass Manchac area bemaintained Unfortunately,
thisdoes notappear tobe thecase. Recently, tn 1964,theDepartment of Biological Sciences
at Southeastern Louisiana University completed a year-long stuoyof the water quality of
Lake Maurepas and Pass Manchac. They concluded that "In regard to water quality as
measured by conform densities, the lakedoes notmeet federal and stateregulations for Its
current uses, le. recreationalendcommercialactivities." (Chllders. 1985).

If Iherate of pollution of the waters of the Western Basinof LekePontchartrain Is not
reversed,the presence of man Inthe region could revert back to what It was In 1699when
Ibervillemade his historicvoyage. If this weretohappen, however,only theabsence of man
would be thesame, for thescenes witnessed by Iberville, verdant cypress and tupelo gum
forests teeming with wildlifewill be replaced with a landscape ravaged by man. The few
trees remaining, but slowly oying. will provide lesscover for declining species of game.
And. the waterswhich flow through the region will be as devoid of life as the mutilated
swamp.



LITERATURECITED

Bank of St John. 1974. St John the Beptlst Parish on the Corridor of History. Baton
Rouge: NormanC.Ferecm andAssociates.

Barbler.t. 1984. Interview,Ponehatoula, Louisiana.

Baton Rouge Mornino Allocate. 1965:1979

Bourgeois, A 1983. Interview,Ponehatoula. Louisiana

Bryant. R. C 1923 logging; the Principles and Genera) Methods ol Operations tn the
UnitedStates NewYork: JohnWiley andSons

Chllders, G W. 1985. A Baseline Stud/ of the Water Quality and Selected Faunal
Communities In Lake Maurepas. Its Major Tributaries, and Pass Manchac Coastal Zone
Management Section. Louisiana Department of Natural Resources. Baton Rouge.
Louisiana

Clpra, D. L. 1976. Lighthouses and Lightships of the Northern Gulfof Mexico. New
Orleans Eighth Coast Guard District

Conveyance Records. Tangipahoa Perish. Louisiana (CRT)

DeGruy.H 1984. Interview.Manchac.Louisiana

Fortler, A. (ed). 1914 Louisiana; Comprising Sketches of Parishes, Towns. Events,
institutions, and Persons. Arranged tnCyclopedic.Form. Century Historical Association

Heath,J. 1984. interview, Hammond, Louisiana.

Jones,L. 1984. Interview, Hammond,Louisiana

Kraemer,H 1984 interview,Manchac,Louisiana

Laurent, L. F. 1922-1923. A HistoryofSt John the BaptistParish. Reserve. Louisiana
L' Onservature. (In LouisianaState Museum collection)

L' Observature. 1972.

Louisiana Cypres* Lumber Company Monthly Statements (LCLC) 1936-1956
Southeastern Louisiana University, ArchivesandSpecial Collections.

NewOrleans Times Picayune. 1902,1915,1979.

Ramsey. L. E. 1985 Interview. Fernwood, Mississippi.

Reno, L 1983 Interview, Manchac,Louisiana

Saucier, R.T. 1963. Recent Geomorphic History of the Pontchartrain Basin. Baton Rouge:
L 5 U Press

757



758

Stover, j. F. 1955. The Railroadsof the South, 1865-1900: A Study in Finance and
Control ChapelHill: University of NorthCarolinaPress

Succow.H. 1984. Interview,Manchac,Louisiana,

U.S. Departmentof Commerce.Bureauof the Census. 1900; 1910.

Vlcknalr. E. 1971. Brief History of Frenler, St. John Ihe Baptist Parish, Louisiana.
LaPlace. Louisiana: St. Johnthe Baptist Publiclibrary.



THE NATIONAL ESTUARINE RESEARCH RESERVE SYSTEM

William Queen, Chair



Estuarine and Coastal Management -Tools ofthe Abstract only
Trade. Proceedings of theTenth National Conference
of TheCoastal Society. October 12-15.1986. New
Orleans. LA. Copyright by TheCoastal Society
1987.

THE NATIONAL ESTUARINE RESEARCH RESERVE SYSTEM:
PAST ACnVITIES AND FUTURE DIRECTIONS

Nancy Foster
National Estuarine Research Reserve System

National Oceanicand AtmosphericAdministration
Washington,D.C. 20235

The National Estuarine Research Reserve System (formerly National Estuarine
SanctuaryProgram)was establishedin 1986with legislationthat reauthorizedthe Coastal
Zone Management Act of 1972(CZMA). The mission ofthe System is the establishment
andmanagement, through anequally-shared Federal-State cooperative effort,of anational
system of estuarine research reserves representative of biogeographical regions and
estuarinetypes in the UnitedStates. Nationalestuarineresearchreservesareestablishedto
provideopportunides for long-termresearch, educationand interpretation. Scientific and
educational programs are particularly focused on the development of information for
improved coastalmanagement decisionmaking.
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SITE DIVERSITY AND MANAGEMENT APPROACHES

Kris Thoemke
RookeryBayNational Estuarine Research Reserve

Naples. FL 33962

Fourteen stales and the Republic of Puerto Rico currently participate in the
National Estuarine Research ReserveSystem. System componentscan be foundin nine of
the fourteen Atlantic Coast states, two of the five Gulf Coast states, three of the four west
coast states,a GreatLakes state,andHawaii. Important similarities and differences exist
between component sites in terms of both physicalAiological characteristics and the
surrounding environment Several sites are located in natural areas; others in areas that
have undergone agricultural, industrial or urban development. Because of these
differences,various management approaches areemployedat the differentsites.
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RESEARCH OrTKIRTONiTIES

B. J. Copelaitd
UNC Sea GrantCollege Program
Nor* Carolina Sate Univeraty

Raleigh. NC 27695

William H. Queen
Institute for Coaitil and Marine Resources

EastCarolina University
Greenville. NC 27834

The first National Estuarine Reserve Research System (NERRS) site was
established In 1974. Program efforts between 1974 and 1982 were focused
on selection and acquisition of additional sites. In 1982, some funds
were provided for research projects Involving baseVine studies and
monitoring activities. Generally, these projects were related to
local/regional management issues. As the need for acquisition decreased
and program emphasis shifted to accomplishments, funding for research
increased from a few thousand dollars to $500,000 in FY 1986. The
number of projects Increased concurrently from a few in 1982 to 44
projects in 1985. With the reauthorization legislation (CZMA) of 1986,
the research emphasis of the National Estuarine Research Reserve System
was shifted. Emphasis is now directed to projects of national rather
than local significance. The Increased opportunities for research
created by this new emphasis 1s the topic of this paper.

In examining the increased opportunities for research, advantages to
researchers in using the NERRS sites will be discussed first. Then,
program changes within NERRS to encourage research will be considered.
Next, national estuarine research priorities will be described.
Finally, national estuarine management Issues will be presented.

Advantages to Researchers in Using NERRS Sites

NERRS consists of a network of protected estuarine land and water areas
easily accessible to scientists. Every component of the system has a
manager who can assist a research team. Many sites have on-site
facilities ranging from research laboratories and boats to housing for
investigators. HI thin a few years, most sites will have computers
available to augment the storage and retrieval of Information from
earlier conducted research.
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In the protected sanctuaries, scientists can collect long-term data. A
long-established research or monitoring site Is invaluable in the
development of new research aimed at solving specific ecological
problems.. Long-term data sets will provide information on status,
trends and episodic events that enhance the ability of scientists to
understand basic estuarine processes.

Reserve sites can also play a role tn comparative studies. Standardized
data collection will facilitate comparative analysis and information
exchange within and between biogeographic provinces.

Host estuarine scientists are interested in making a contribution to
their field of science, and also in seeing their data used to solve
major coastal problems. NERRS can assure estuarine scientists that
their research at sanctuary sites nay be used to address coastal
management problems.

For estuarine data to be useful, it must be transmitted quickly to
agency managers, other scientists, and the general public Because of
the research and coastal management role of NOAA, NERRS can rapidly
transfer research data critical to coastal management Issues.

NERRS provides a unique opportunity to address national research
questions and estuarine management issues. To fully utilize this
opportunity, the program has strongly expressed a willingness to work
with the scientific comnunity to publicize the availability of NERRS
sites, their unique/unusual resources, their facilities and amenities,
and the results from research conducted on the sites.

Program Modifications and Activities

With the shift in focus from local to national research questions and
management issues, NERRS has Initiated efforts to make their program
more attractive and responsive to the estuarine research community.
Several steps initiated, or undertaken, are described below. These
steps, coupled with moving the NERRS office to the newly established
Estuarine Program Office in NOAA should greatly enhance the research
productivity of the reserve system.

NERRS is now in the process of revising their announcement of research
opportunities to provide a document that will be more useful to
estuarine scientists. Special attention Is being given to describing
the national research priorities of the program as well as the proposal
review procedures and criteria. The announcement of research
opportunities will be published in the Federal Register. In addition,
the announcement will be distributed to universities, federal and state
agencies, and to estuarine scientists and administrators of
coastal/marine laboratories.

A number of reserve sites are located reasonably near major research
institutions. These institutions often have programs in estuarine-
related sciences and graduate students entering these programs.
Therefore, NERRS Is considering the establishment of a graduate
fellowship program to attract students to their sites.

A NERRS site catalog will be prepared to provide Interested parties with
specific information about the reserve system sites. The catalog will



contain detailed Information about Individual sites and general
information about NERRS. Site specific descriptions will include
information on site location, size and biological assemblages. Also
included will be a list of publications resulting from research
conducted on the site and a list of research currently being undertaken.
More importantly, the site descriptions will present information on any
unique/unusual characteristics the site may possess. The general
information about the national program will list the various sites,
their location, their unique/unusual characteristics, and the source for
additional information about the site.

Often agencies that support research can only partially fund even the
most meritorious proposals. Therefore, NERRS wil 1 identify projects
that are only partially funded and will consider providing complementary
funding if the Investigators agree to undertake the research on a NERRS
site.

Al 1 states having a NERRS site al so have a Sea Grant Col lege Program.
The National Sea Grant College Program was established to accelerate the
development, use and conservation of the nation's marine and coastal
resources. To achieve this objective. Sea Grant combines the research
skills of university scientists from all disciplines with a strong
corrmitment to make research findings available to the public through a
network of advisory and education specialists. Technical and public
information reports, conferences, workshops and personal contacts by Sea
Grant marine agents and researchers ensure that information relevant to
the wise use and development of marine resources reaches those who need
ft. NERRS is considering the establishment of closer linkages with the
Sea Grant College Program to better utilize the Sea Grant mechanisms for
information transfer. NERRS sites in several states already have joint
projects with Sea Grant universities.

Estuarine research is either undertaken or supported by several federal
agencies: NOAA (which Includes the National Sea Grant College Program,
the National Marine Fisheries Service, and the National Ocean Service),
National Science Foundation, U.S. Environmental Protection Agency, U.S.
Army Corps of Engineers, and the U.S. F1sh and Wildlife Service.
Support is also provided by various units of state government,
foundations and private industries. Much of the estuarine research
supported by these agencies is appropriate for reserve sites. NERRS
will make every effort to encourage estuarine researchers being
supported by the other agencies to use their sites.

NOAA is actively developing a national estuarine research plan upon
which to focus Its various components of research, management and
monitoring. He strongly urge the incorporation of the National
Estuarine Reserve Research System Into the Estuarine Program Office so
that proper emphasis can be achieved. Use of those national resources
Illustrated by the reserves can play a prominent role in the overall
estuarine research program led by NOAA. It is very important to
emphasize that research activities be driven by research Issues rather
than by management Issues.

National Research Priorities

Although large data sets exist for many fundamental processes of
estuaries, there are several serious deficiencies in the Information
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needed to understand the complexities of how most estuaries function.
In 1984, some of the nation's most capable estuarine researchers
gathered in Raleigh H.C., for the first in a series of national
estuarine symposiums. Based on the latest scientific information and
protocols, the researchers recommended research directions for better
understanding estuarine functions. This assessment resulted In five
categories of problem-oriented estuarine research. All five categories
of research can be conducted on NERRS sites. Moreover, the National
Estuarine Reserve Research Office is likely to place emphasis on these
categories in program development. The categories are:

1. Hater management and estuarine productivity

One of the most important problems currently facing our nation Is the
allocation of freshwater resources. As municipal, commercial,
industrial, agricultural and recreational demands for water Increase,
availability of water to estuaries decreases. Changing land use near
the estuaries and upstream tributaries affects 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 on estuarine productivity. The relationship
between freshwater inflow and productivity in the estuaries poses an
exceedingly Important research question. Me need to know the
quantitative relationship between freshwater inflows and fisheries
production in estuaries. In addition, we need to determine how much
fresh water 1s too much or too little on a seasonal and annual basis.

2. Sediment management and estuarine productivity

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

3. Nutrients and other contaminants and estuarine productivity

There are 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 overloads the estuary's ability to act as a nutrient
and sediment sink and Increases estuarine nutrient levels. He do not
yet understand the relationships between nutrient inputs, recycling and
production. Researchers need to test how an estuarine ecosystem
responds to combinations of nutrient inputs and recycling. And
scientists should examine the fate of synthetic chemicals and metals in
estuaries.

4. Coupling of primary and secondary productivity

Estuarine ecosystems are characterized by high levels of primary and
secondary productivity. The relationship between primary and secondary



production Is uncertain. Thus, the Importance and ecological
efficiencies of food chain pathways remain unresolved. Food chains In
estuarine ecosystems are connected quantitatively and qualitatively. We
must understand the relationship between quantity of blomass at one
producer level and the quantity and quality of blomass at the next
level. The concept of the trophic structure In an estuarine ecosystem
1s more of a food web than a food chain. Moreover, the food web trophic
structure found In the estuary if generally abbreviated compared to the
longer food chain found In the ocean and the open water of the Great
Lakes. The problem of understanding the fundamental aspects of this
Issue is difficult because of the likelihood that a change in one
trophic level impacts other portions of the ecosystem by altering the
directions or size of energy flow from one component to another.

5. Habitat requirements for fisheries production

Estuaries act as nurseries for Important commercial and recreational
fish and shellfish. But some estuaries produce more ftsh than others.
Understanding the role of estuarine habitat and quantitative differences
In fisheries production will provide the key to more effective fisheries
management. To find out what makes one estuary more productive than
another, scientists need to address questions about habitat selection,
species migration, species residence time, food quality and the effects
of environmental variations on survival, growth and movement of fish and
shellfish.

National Estuarine Management Issues

Recently efforts have been made to identify the most relevant coastal
management Issues facing the United States. These efforts have Included
researchers, managers and public interest groups through various public
meetings, management conferences and symposia throughout the country.
These efforts have culminated In the second national estuarine symposium
held in Baton Rouge, Louisiana during November 1985. At this symposium,
prominent U.S. estuarine experts concluded that a better understanding
of the following seven issues represented our most critical national
estuarine management needs:

1. The relationships between physical and chemical variables and the
productivity of estuartne ecoystems;

2. The effects of foreign substances, especially pathogenic materials
and toxic chemicals, on the chemical and biochemical processes In
the estuartne environment;

3. The impact of man's activities on the fundamental functioning of
estuarine ecosystems;

4. The appropriate measures for ameliorating undesirable effects and
reclaiming damaged estuarine ecosystems;

5. The means to Increase harvest of fisheries products;

6. Methodologies to Improve the economic return of land around the
estuaries by resolving the conflict between land use changes and
estuarine productivity; and
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7. The optimum stream flows Into the estuaries that will maintain
native populations and ecosystem functions.

All seven issues are of interest to the National Estuarine Reserve
Research System. In all likelihood, NERRS will encourage investigators
to conduct scientific studies on its sites that are related to these
seven issues.

Summary

The National Estuarine Reserve Research System has shifted its focus
from local to national research questions and management Issues. As a
result of this shift, NERRS has undertaken or Initiated a number of
steps to make the reserve system more responsive to the needs of the
estuarine research community. The effectiveness of this important
estuarine program could be enhanced even further If NOAA would shift the
reserve program to the newly created Estuarine Program Office.
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ESTUARINE MANAGEMENT AT THE ROOKERY BAY
NATIONAL ESTUARINE RESEARCH RESERVE

Kris Thoemke
Rookery Bay National Estuarine Research Reserve

Naples. FL 33962

Rookery Bay is oneof 17 National Estuarine Research Reserves located in theUnited
States. The Reserve is a joint Federal and State program involving NOAA's Division of Marine
and Estuarine Management and the State of Florida, Department of Natural Resources. The
purposeof the NationalEstuarine ResearchReserveProgram is to preserveandprotectestuarine
areasso that they may be used as sites for researchandeducation.

The Rookery Bay site is located in southwest Florida along the Gulf of Mexico coast
between Naples and Marco Island. The 8,400 acre site is dominated by extensive mangrove
forests and a reticulated system of bays and tidalcreeks.

Management programs are designed toemphasize protection of theresource. Thisis in
response to the potential for habitat degredation resulting from urbanization and agricultural
development of Reserve's watershed. A major concern istheeffects of changing quantity, quality
and timing of freshwater enteringthe Rookery Bay estuary.

The management programs of Rookery Bay have been designed to address these
concerns. The areasof program management include resource protection, research and education.
The resource protection program is divided into four components: managing the resource's
vulnerability todevelopment threats; controlling public access; restoring disturbed habitats and
developingindividual managementplans foreach majorvegetativecommunity in the Reserve.

The research program is designed to increase scientific knowledge about Rookery Bay
and apply this information to the managementof the area. A high priority is being placed on
conducting systems studiesanda longtermenvironmental monitoringprogram.

The education program is intended to increase resource protection and management into
two ways. First is to create a more informed public by traditional environmental education
programs. Second is to provide educational opportunities for professionals involved in education,
regulation and policy development of the coastal zone. To achieve this goal the Reserve will
sponsor workshops and serve as a regionalenvironmental clearing house on coastal zone issues.
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By providing ahighlyprotected resource, maintaining its natural features, conducting
research anddeveloping environmental education programs, theReserve hopesto signilicandy
contributeto ourknowledgeandunderstanding of thecoastal zone.
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RESOURCE INVENTORY OF
THE FLORIDA BIG BEND REGION

M. John Thompson and Neal W. Phillips
Continental Shelf Associates, Inc.

759 Parkway Street
Jupiter,FL 33477

Introduction

The curve of Florida's west coast between Ochlockoneo Bay and
Tarpon Springs defines tho Florida Big Bend, an area considered
valuable by both environmental and commercial fishing interests. The
Florida Big Bend area was nominated as a Marina Sanctuary under the
National Marine Sanctuary Site Evaluation of 7 June 1983 (Chelsea
International Corporation, 1983) and placed on the Site Evaluation
list for further study and consideration (4B Federal Register
35568-1983).

Extensive seagrass bods occur in the region (Phillips, 1960;
Moore, 1963; Earlo, 1972j McNulty et al., 1972; Enos and Perkins.
1977; Iverson and Bittaker, in press). Species reported include
Thalassla testudinum and Syringodium flliforme, which develop dense

stands in the nearshore zonei and Halodule wrightii. Halophlla

doclpieno, and H_. engelmannl, which are fringing or pionoor species
seen around the edges of the major beds. Macroalgal species of
Caulorpa, Udotea, Panleillua, and Sargaasua are also common in these
seagrass beds (Iverson and Bittaker, in press).

Seagrasses and raacroalgae are important primary producers in
marine habitats (Mann, 19731 McRoy and McMillan, 1977). They also
provide nursery grounds for sport and commercial fish species and
habitat for many larval and adult invertebrates critical to nearshore
food chains (Zimmerman and Livingston, 1976; Phillips, 1978; Dawes et
al., 1979).

Recent interest in offshore oil and gas exploration in the Big
Bend area produced concerns about possible environmental impacts to
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seagrasses and associated biota. In response, the Minerals
Management Service (MMS), as the Federal agency responsible for
prediction and management of oil- and gas-related environmental
Impacts, initiated the Florida Big Bend Seagrass Habitat Study.
Study results are being used in buffer zone discussions associated
with upcoming eastern Gulf of Mexico lease sales and in formulation
of lease sale biological stipulations.

Earlier studies had summarized published reports on seagrass
distributional patterns, and qualitatively estimated the acreage of
seagrass beds and live-bottom areas in the eastern Gulf of Mexico

(Phillips, I960; Moore, 1963; Barle, 1972; Parker et al., 1983).
Between 1974 and 1980, Iverson and Bittaker (in press) used teams of
scuba divers to map the major nearshore seagrass beds (water depths
<10 m) in tho Florida Big Bend area, and several 3eagrass mapping
studies using combinations of aerial imagery Interpretation and
direct observation had been performed at specific sites along
Florida's northwest coast (Withlacoochee Regional Planning Council,
1982; Continental Shelf Associates, Inc., 1983, 1984, 1985).
However, prior to this study, overall seagrass distribution patterns
within tho Florida Big Bend area were poorly known. Very little
study had been devoted to the soagraso/algal beds known or presumed
to extend offohoro beyond the 10 m contour.

The Florida Big Bend Seagrass Habitat Study was designed to map
seagrass distribution patterns in both nearshore (<10 m) and offshore
(10 to 20 m) portions of the Florida Big Bend area. The study
encompassed approximately 1.5 million ha (3.7 million acres or
5,830 ml2) of soafloor. Study objectives were as follows!

1) To map and inventory seagrass beds in the Big Bend area using
a combination of aerial photography (remote sensing) and
shipboard "ground truth" surveys.

2) To determine the seaward extent of the major seagrass beds.
3) To classify and delineate major benthic habitat types in the

area.

Materials and Methods

This study consisted of three phases;

1) A pre-ovorflight ground-truth cruise (Cruise 1)i
2) Remote sensing overflights of the study area; and
3) A post-overflight ground-truth cruise (Cruise 2) to verify

interpretation of remote sensing data.

During Cruise 1 (24 October to 1 November 1984), 1,232 km
(144 mi) of ooafloor between the 10- and 20-m depth contours were
survoyod using underwater television. Loran-C navigational fixes and
designations of bottom type were recorded at 5-min Intervals during
television tows. Fifty representative "Signature Control Stations"
were established to aid aerial photographic Interpretation by
providing locations of known seagrass density to check against
signatures seen on the Imagery. At each station, large, floating
targets were deployed and divers took quantitative photographs of the
ooafloor to determine seagrass density and species composition.



Between 30 October and 15 November 1984, aerial photographs wero
taken along 26 north-south flight lines encompassing 2.1 million
ha (5 million acres or 8,200 mi2) of oeafloor. Standard Kodak 23 cm
x 23 cm (9 in. x 9 in.) color print film was used. Scale on all
photographs was 1:40,000. During Cruise 2 (19 to 27 February 1985),
nine additional transects (174 km (108 ml)J were surveyed using towod
divers and underwater television, and 11 of the 50 Signature Control
Stations established during Cruise 1 were reoamplod.

Aerial photographs were analyzed otereoscoplcally, and seagrass
beds were categorized by density (dense, sparse, or patchy) as
determined by interpreting "photo-signature characteristics" such as
tone, color, texture, and sire. Signatures of submerged seagrass
beds ranged from dark blue-green offshore to light-medium brown in
nearshore areas Influenced by tidal fluctuations. Areas of
nonvegetated sand bottom (white signature) and nonvegetated mud
bottom (brown signature) were also recognized in the photographs.
Live-bottom habitats characterized by hard corals, gorgonlons,
sponges, and othor opibiota associated with low-relief rock outcrops
or rock covered by a thin sand veneer could not be differentiated
from surrounding seagrass beds at the 1i40,000 scale of tho aerial
photographs.

Six hundred photographs were interpreted and distributions of
the major habitat types wore outlined on clear acetate. These
interpretations formed the basis for a 1;40,000 scale map of the
study area. A reduced Composite Hap (scale 1:250,000), which can be
superimposed directly on the 1i250,000 scale MMS protraction
diagrams, was produced.

Results

A total of 1.5 million ha (3.7 million acres) was mapped from
the aerial imagery during the study (Figure 1). Mapping delineated
232,893 ha (575,479 acres) of dense seagrass beds, 498,034 ha
(1,230,643 acres) of sparse seagrass beds, and 279,722 ha
(691,195 acres) of patchy seagrass beds.

Study results indicate two major groupings or species
associations of soagrasses in the Florida Big Bond area. An inner
(nearshore) association of Thalassla testudlnum, Syringodium
flliforme, and Halodule wrightii occurs in water depths of less than
9 m. Thalassla testudlnum grass and S. flliforme form dense beds
that aro easily detected in aerial photographs, and only at the
southern end of tho study area do the dense beds extend into Pederal
waters (Figure 1). Seaward of these dense seagrass beds is a zone
where five seagrass species may be seem T_. testudlnum, S_. flliforme,
H. wrightii, and two additional specieoi Halophlla declplens and
Halophlla enqelmannl. Farther offshore, large aroas of continental
shelf between approximately the 10- and 20-m depth contours support a
mixed macroalgal/ooagrass assemblage in which the two Halophlla
species are the only vascular plants. This assemblage extends beyond
the 20-n depth limit of this study and is abundant to at loast the
23-m depth contour.

Thalassla testudlnum and S. flliforme are the largest seagrass

species in the Big Bend area, and their blades trap sediment from the
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water column, thereby helping to build seagrass beds. Halodule
wrightii and the two species of Halophlla arc much smaller and
generally are considered to be fringing or pioneer species that

inhabit tho margins of major seagrass beds and tolerate environmental
conditions not suitable for the larger species.

The unique aspect of seagrass communities in the Florida Big
Bend area is the extended nature of the deeper, fringing zone
dominated by H. decipieno, H. engelnannl, and various macroalgal
species. Ground-truth data indicate that macroalgae account for an
average of 21% of total blade density seen here. Ground-truth data
also indicate that approximately 44% of the area mapped as sparse
seagrass beds on the basis of aerial photographs, was live-bottom
habitat that could not be differentiated from seagrass beds in the
aerial Imagery.

In addition to the spatial zonation patterns of seagrasses noted
in this study, seasonal variability in seagrass bed density and

species composition was evident, especially in the sparse offshore
beds. At moot offshore Signature Control Stations sampled during

Cruise 2 (February), blade densities were 50% to 90% lower than those
noted during Cruise 1 (October to November), and H_. declplena had
disappeared. Halophlla engelmannl persisted, but many Instances of
wave stress and uprooting were evident during Cruise 2. Temperature,
light, and wave action are likely to be important variables
influencing both spatial and seasonal abundance patterns in these
deep seagrass beds.

The ecology of deepwater seagrass/algal beds In the Florida Big
Bend area has not been studied, but these habitats could play
Important roles In this productive environment. Future studios
should focus on primary productivity, influential environmental
variableo, and associated flora and fauna of Big Bend area seagrass
beds.
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BUFFER ZONES IN WETLAND
MANAGEMENT PRACTICE
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The coastal zone features a diversity of wetland types of varying size, type and
importance; from large forested fresh water wetlands tonarrow strips of salt marsh. Development
can adversely affect adjacentwetlands through increasedrunoff, sedimentation and the introduction
of chemicaland thermalpollutants. Buffer zones arestripsof vegetatedland,composed in many
cases of natural ecotonal and upland plant communities which separate development from
environmentally sensitive areas and lessen these adverse impacts of human disturbance. In
addition,buffer zones provideerosioncontroland flood protection forresidentialareas.

The definition of buffer widths appropriate to provide adequate protection to wetlands
under different development situations has long been a point of contention. On-site soil
characteristics, vegetation cover, topography, climate, and land use patterns, and
human/wildlife/plantpopulation densities all determine the extent of development impacts and,
consequendy, the appropriatebuffer width. Many states have set a minimum allowable wetlands
buffer width and increasethe distancedependingon the intensity and type of land use. Widths
ranging from 0 to 1000 feet have been variously set with andwithout data support. If the
establishment of effecdve buffer zones is to be incorporated into management policies, then there
has to be supportingdata. Additionalstudies areneeded to define the criteriaaffecting effecdve
buffer width.
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A COMPARISON OF ALLIGATOR HARVEST TECHNIQUES

Donna A. Dewhurst and Robert H. Chabreck
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Louisiana StateUniversity Agricultural Center
Baton Rouge, LA 70803

Introduction

The methods of talcing alligators (Alligator mlsslsslppiensls)
range from live capturing with harpoons and nooses to shooting. If an
alligator is killed or incapacitated while in wator, the body will sink
and is difficult to retrieve in deep water. Consequently, most hunting
techniques are designed to capture alligators so that they can bo
dispatched under more controlled conditions or released alive elsewhere.
Alligator capture methods can also be divided into those used during
daylight hours and those used at night. Each method has various
advantages and disadvantages which are not readily apparent. The
wildlife departments of Louisiana and Florida require different harvest
techniques in their management plans. These alligator management plans
have included both nuisance alligator control and commercial harvest
programs. Results froo harvest programs in these states havo allowed
us to examine and compare the basic types of alligator hunting methods.

Alligator Harvesting in Louisiana

After implementation of alligator conservation programs in the
1960's, not only did alligator numbers Increase but also problems
associated with rapidly expanding alligator population. Large
alligator populations wero cited as competing with the valuable stato
fur trapping industry (A. Ensminger, pers. commun.). Louisiana
legislature in 1970, granted the Louisiana Department of Wildlife and
Fisheries (LDWF) full regulatory authority over alligators In the state
under Act 550, and classified alligators as non-game quadrupeds along
with other valuable furbearers (Joanen and HcHease, 19S0). With
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alligators considered as a rcncwablo natural rosource, a regulated
commercial harvest program was implemented in 1972. This program has
been continued every year except 1974 (when all alligators wore listed
under the Endangered Species Act) and 1978 (when unstable marketing
conditions forced cancellation of the season) (Hoody ot al., 1980).
The Louisiana harvest program has grown from one southwestern parish to
a statewide harvest in 1981.

The harvest methods outlined in the original 1972 harvest have
been retained with little alterations through the 1986 season. The
harvest parameters of the Louisiana 1972 harvest and the first
experimental alligator harvest in Florida (1981) had similar goals but
dissimilar methods were used. Louisiana hunters were restricted in
capture methods to daylight shooting or setting baited hooks overnight
and checking the line the next morning. All harvesting had to be done
from sunrise to sunet. "Pole" hunting was outlawed to bias tho harvest
toward adult male alligators and away from the breeding females
(Palmisano et ol., 1973). Also, tho season was set in tho fall, after
the summer hatching period, when the females, juveniles, and subadults
are in the marsh, and the adult males in open water (Joanen and
McNease, 1974).

A program of nuisance alligator control has always been in effect
in Louisiana due to human/alligator conflicts In many rural and
metropolitan areas. The earlier programs (before 1979) dealt with
nuisance alligators by relocating them. Yet relocating alligators was
taking up to 50Z of LDWF personnels' time during tho summer months
(Joanen and McNease, 1980). In 1979, a now alligator management
program was instituted in 12 coastal parishes incorporating nuisance
control into the regular commercial alligator harvest system. Private
hunters, chosen by the local governments, wero used to hunt alligators
that could not be harvested by the regular tag allotment system. Yet,
these hunters were required to follow tho some alligator hunting
techniques that applied to ccmoerclal hunters. Results of the
Louisiana nuisance alligator control program conducted In 6 parishes in
1979-1980 yielded a 63.08Z hunter success (Joanen and HcNoase, 1980).

Alligator Harvesting in Florida

By the 1970's alligator complaints in Florida nuobored from 5,000
to 10,000/yr and the rate of alligator attacks on humans appeared to be
increasing (Bines and Keenlyno, 1975, Hinos and Kacnlyne, 1977). In
1977, the status of the alligator population In Florida was changed
from "endangered" to "threatened" (Hinos and Woodward, 1980). Clearly,
with ever increasing human and alligator populations, a large scale
alligator nuisance control program was needed. To implomont this
program, the Florida Game and Fresh Water Fish Commission (FGFC)
divided the state into 5 management regions, oach with individual
coordinators. Complaints wero verified by tho roglonal offices and the
nuisance animals were removed by contract agents assigned by FGFC,
Based on a study of nuisance alligator control in 11 counties of
north-central Florida In 1977, FGFC determined that contract hunters or
agents were more economical and effective than state wildlife officers
at resolving alligator complaints (Hlnes and Woodward, 1980). In 1981,
1SS2 alligator complaints were received and 485 nuisanco alligators
were harvested In the Everglades region alono (Hord, 1982). Capture
methods used by the Florida contract agents set aside the Florida
nuisanco program froo that of Louisiana.



The Florida alligator nuisance program used capture methods which
would minimize public disturbance and encourage selectivity in
attempting to get the specific nuisance animal. All alligator hunting
was done at night and the agents were not permitted to carry firearms.
Agents were directed to capture the alligator alive and remove it from
the area before killing it. Several potential capture methods were
outlined in an operations manual for the control agents. These methods
included using a gig (harpoon) (Jones, 1965), snare or noose (Chabreck,
1963), box trap (Hurphy and Fendley, 1973), snatch hook, or bow and
arrow. Fishing with set hooks was to be used only if these other
methods failed to work (FGFC, 1979).

The efficiency (no. alligators harvested/no. tags issued) of
Florida nuisance alligator agents during a particular month was not
related to the number of tags issued that month. However, monthly
change in the number of tags issued was negatively correlated (r =
-0.3881, n = 25, P < 0.05) with hunter efficiency and a reduction in
tags increased efficiency.

Alligator population levels have been monitored using night-light
survey lines since 1974. From 1974 to 1980, a 40% increase from 5.0 to
8.3 alligators/1.5km was noted (Stanberry, 1981). In 1981, FGFC
developed a new alligator management plan which Included an
experimental commercial alligator harvest program. The first harvest
occurred in November 1981 (FGFC, 1982), and was similar to that of the
first Louisiana harvest in duration and population model used. Florida
deviated from Louisiana by designing the harvest after the nuisance
control program, using mostly nuisance contract agents and the same
night-hunting techniques.

Evaluation of Parameters for Each Technique

Land ownership patterns played an Important role in the
development of alligator management programs In Louisiana and Florida
(A. Ensmlnger, pers. comrrun.). In Louisiana, the greatest alligator
concentrations occur in the coastal parishes of the stato, where land
ownership consists of large tracts of marshland. The human density of
the marshland is low and public support for the program Is strong. The
vastness of the area combined with the sparse human population and
strong local support dictated a need for an economically efficient
means of harvest with little need for increased public relations or
acceptance of the program.

On the other hand, in Florida the highost alligator concentrations
occur in the north-central lake region and the everglades region. With
the exception of tho Everglades National Park and the Big Cypress
Nature Preserve, both regions are highly populated and tho land is
mostly divided into smaller parsels under private ownership. This more
urban situation dictated a need for a more intensive form of alligator
harvest that minimized public contact and visibility.
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Any hunting or capture tcchniquo should be analyzed with public
opinion in consideration. However, in Florida, this fact is of greater
importance in tho effectiveness of the management program. An opinion
poll of Florida residents was conducted by FGFC in the mld-1970's
(Hincs and Schaoffer, 1977). The poll disclosed a wide difference in
opinion concerning management of alligators in urban areas; opinions
between hunters and the general public also differed concerning
management of wild alligators. Rolocation by wildlife officers was
listed as tho top choice for management of alligators of all sizes.
However, rolocation of the reportod nuisance animals has boon
demonstrated to create many ecological, safety, and economic problems
(Hincs and Woodward, 1980). Opinions regarding management of
alligators living in the wild differed between hunters and tho general
public; hunters preferred commercial harvests in rural and urban areas,
but the general public favored harvests in rural areas and relocation
in urban areas. This diverse public opinion probably indicated some
prejudices against hunting, especially In urban areas, necessitating a
low profile for effective nuisance alligator management. A program of
information and education was also necessary to increase public
awareness and acceptance of management techniques (Hinos and Schaeffor,
1977). Night hunting of alligators with firoams has much less public
exposure than chocking set hooks in the morning and removing hooked
alligators. Also, the general public will tamper with fishing lines
when exposed, and secluded fishing sites aro often not available.

Another consideration of any hunting technique is the associated
efficiency or hunter success rate. This rate can be determined by
manhours spent/number taken or simply by number of alligators
taken/number of tags or permits issued. Because night hunting involves
more active persuit by the hunter, more hours tend to be spent per
alligator caught. Fishing requires only the time needed to set the
hooks and then check them the next morning. Wariness of alligators
greatly decreases the efficiency of night hunting if done in one area
over an extended period of time (Chabreck, 1963). With the commercial
harvest, tha efficiency of the 2 typos of alligator capture techniques
can be measured and compared. Between 1972 and 1979, the percent
hunter success for the commercial harvest was 91.98% in Louisiana while
only 4 out of 14 hunters reached thoir quotas in the Florida 1981
harvest (Joanen and McNease, 1980, FGFC, 1982).

When comparing the 2 alligator hunting techniques in relation to a
commercial harvest program, one needs to remember that most harvest
plans are based on the theory of compensatory replacement. Management
is sought through maintaining an optimum sustained yield by reducing
the population density to incroaso the growth, survival, and
reproductive effort of the rest of tho population (Stanberry, 1981).
Most harvest plans seeks to restrict tho killing of adult females and
are bias toward adult males. Alligators are polygamous and usually
have a surplus of males in tho population (Chabreck, 1971). By
restricting hunting to after tho sunasar hatching period and banning
"pole" hunting, the kill ratios produced a strong bias toward adult
males with a minimum of adult females takan (Palmisano et al., 1973,
Joanen and McNease, 1980). Both daylight and night hunting methods are
primarily concentrated In deeper water areas and thus equally bias away
from tho adult females. In tho case of alligator population dynamics,
one cannot discuss sex ratios of a potential harvest without also
directly dealing with size ratios.



In Louisiana, a computer simulation of a commercial alligator
harvest yieldod that proportional hunting rates (taking animals in
proportion to thoir relative abundance) would be more productive than
differential hunting (taking only certain size classes) In sustained
yield management (Nichols ot al., 1976). A night count on Rockefeller
Wildlife Refuge, in Louisiana, indicated the following size
distribution of the resident alligator population: 43.8% were <0.9 m
long, 40.4% were 0.9 to 1.8 m long, and 15.8% were >1.8 m long
(Chabreck, 1966; Nichols et al., 1976). Yet the commercial harvests in
Louisiana from 1972 to 1977, using daylight techniques, yielded an
average 26.7% from 1.2 - 1.8 m long and 73.3% >1.8 m long (Joanen and
McNease, 1980). Of the daylight techniques allowed during Louisiana's
fall season, shooting is seldom used and results in taking more smaller
alligators. Fishing tends to be much more bias toward the larger
animals and accounts for the high percentage of the alligators >1.8 m
long in the harvest (Palmisano et al., 1973). Increased use of
shooting would result in a greater harvest of smaller animals and would
make the size ratios more proportional to that in the population
(Nichols et al., 1976). Many subadults and juveniles arc in the marsh
and not in open water bodies and would ba loss frequently encountered
when hunting is done in the fall. A possible alternative for
correcting the size ratio problem might be to open a short spring
season, when the subadults are still active in the deeper water. Night
hunting methods might also be used In addition to a daylight program by
issuing to certain hunters or landowners "small-alligator" tags and
permitting them to use night methods (D. Taylor, pers. coranun.).

Hunting alligators at night by boat is a more selective harvest
method than setting fishing hooks. Eyeshine is an efficient method of
locating alligators; and, since snout length is related to total
length, size can be easily estimated (Chabreck, 1963; Dodson, 1975).
Therefore, night hunting is more flexible in achieving proportional
size ratios in tho kill. During the 1981 Florida commercial harvest,
only IS.3% of the kill was over 1.2 m. which was more proportional to
the size structure of natlvo alligator populations than the Louisiana
harvest (FGFC, 1982).

When dealing with nuisanco alligator control, the harvest size
ratio must be proportional to the size ratios received in the
complaints. In Louisiana, 7% of the nuisance alligator complaints in
1975 were of animals from 0.3 to 0.6 m, 60% were from 0.6 to 1.8 a and
only 33% of animals >1.8 n (Linscombe, 1976). During 1978, 12.5% of
those harvested in the Florida nuisance program were over 3.2 n long,
indicating that many of tho reported human/alligator confrontations
wore with very large animals (Hlnes and Woodard, 1980). The diversity
In size ratios in complaints of nuisance alligators points out a need
for flexibility in removing the specific nuisanco animals. Night
hunting has been shown to be the mora selective and provides less
public exposure than fishing, and so would probably be best suited for
taking most nuisance animals. However, cartain nuisance alligators may
become "light shy" and fishing may ba tho only logical removal method.
Night hunting methods are used in the Florida nuisance program, and tho
amount of complaints has decreased since the beginning of the statewide
program in 1978. This decrease has been attributed to water level
variations and to the fact that many of the "long-standing" nuisance
alligators ware dispatched in the beginning years of the program (Hinos
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and Woodward, 1980). Also Increased public acceptance of alligators
may also be a factor.

Conclusions

Differences in land ownership dictated the development of the
varying harvest techniques used in Louisiana and Florida. Night
harvest techniques wero initiated primarily for uso in the Florida
nuisance alligator control program but were later used In the
commercial harvest program. Night hunting allows for minimal public
contact, which can be vary advantageous in nuisanco alligator control.
Night hunting (without firearms) also allows for more flexibility in
choosing the size of the alligator taken. This flexibility is an
advantage not only in capturing the specific nuisance alligators, but
also in achieving proportional, commercial harvest, size ratios. On
the negative side, night harvesting is more time consuming and
difficult to regulate, making this technique less efficient when
dealing with large numbers of alligators.

Daylight harvest techniques (shooting and fishing) were developed
primarily for use in the Louisiana coosorcial harvest and were also
used in the nuisance alligator program. Daylight harvesting (with
firearms) is more efficient In rural areas, where animals aro less
wary; also, it Increases the harvest of smaller animals and makes the
resultant size ratios in the kill more proportional to that of the
population. Fishing with baited hooks Is biased toward larger animals.

Nuisance alligator programs depend on minimal public contact and
yet good efficiency in ridding the area of the problem animals. Night
hunting Is more selective and secretive and is, therefore, more
suitable for controlling most nuisance animals. Yet, when complaint
numbers peak in the early summer (Linscombe, 1976; Hord, 1981), fishing
with set hooks could bo more effective for meeting the higher demand.
However, fishing is effective only in areas where the public will not
tamper with lines and at a time of the year that alligators will accept
baits.

Commercial alligator harvests need to be both efficient and yet
proportional to meet compensatory replacement requirements. Fishing
combined with daytime shooting is more efficient than night hunting,
but alone does not meet proportional size ratios in the kill. Correct
size ratios could be achieved by either initiating a short spring
season or by supplementing the daylight techniques with some night
harvesting techniques.
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EFFECTS OF FIXED-CREST WATER CONTROL STRUCTURES
ON THE ABUNDANCE OF FISH AND CRUSTACEANS
MIGRATING FROM A SHALLOW MARSH NURSERY

TOWARD THE GULF OF MEXICO

William H. Herke, E. Eric Knudsen, and BartonD. Rogers
LouisianaCooperative Fun and Wildlife Research Unit

School cf Forestry, Wildlife, and Fisheries
Louisiana State University Agricultural Center

Baton Rouge. LA 70303-6202

Weirs (low-level dams with their crests usually IS cm below marsh soil level) are
commonly used in Louisiana to improve wildlife habitatand stabilize eroding coastal marshes. We
suspected that these weirs may impede the migrations of estuarlne-dependent organisms. To test
this hypothesis, a 70-ha marsh pond was leveed to create two nearly identical 35-ha ponds. The
single outlet from each pond connected througha common vestibule with a major tidal bayou. One
outlet contained aweir and the other didnot. All fish, shrimp, and crabs emigrating from the two
ponds were trapped continuously. The trapping continued for two years, with the weir being
switched from the outlet of one pond to that of the other pond after the first year. Comparisonsof
catches, for most species, indicated that the standard, fixed-crest weir caused major reductions in
both numbers and biomass of important estuanne-dependent fisheries resources migrating back
toward the Gulf of Mexico.

Once the adverse effect of the weirs on fisheries resources had been established, we
began a second investigation of an alternative weir design which might reduce negative fisheries
impacts. Using the same study area we installed a standard fixed-crest weir in one outlet and an
identical weir, except with a vertical slot, in the other outlet We compared the catches of animals
leaving the pond having a standardfixed-crestweir to the catches from the pond with a vertically-
slotted, fixed-crest weir. Comparative catches indicated that a weir with an opening extending to
the bottom of the channel will increase the use of the marsh nursery behind the structure by about
SOpercent for all species combined.
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THE ROLE OF RESEARCH IN DEVELOPING
RESOURCE MANAGEMENT TOOLS AT

GULF ISLANDS NATIONAL SEASHORE

Theodore R. Simons
US. National Parle Service

Gulf Islands National Seashore

3500 Park Road
Ocean Springs. MS 39564

Gulf Islands National Seashore (Figure 1) is comprised of
approximately 57,000 hectares of barrier islands and their
adjacent waters in northwest Florida and coastal
Mississippi. Established in 1971, the Seashore stretches
from West Ship Island in Mississippi, 240 kilometers east to
the middle of Santa Rosa Island in Florida. The park's
resources range from remote wilderness barrier islands with
very limited visitation, to readily accessible recreational
beaches and historic sites visited by several million people
each year. The undeveloped portions of the Seashore
represent the best example of an undisturbed barrier island
ecosystem remaining in the Gulf of Mexico. Research efforts
at the Seashore are aimed at providing park resource
managers with the information and tools required to carry
out their difficult and often contradictory responsibilities
of preserving park resources for public use. Research has
been focused in four major areas; (1) understanding the
resource by obtaining spatially and temporally referenced
baseline data on the major components of the park's
ecosystems, (2) identifying indicator species or communities
that can act as barometers of overall ecosystem health, (3)
restoring extirpated populations, and (4) developing the
management tools to conserve threatened park resources. A
fundamental objective of the research program is the
development of simplified long-term monitoring programs of
key species, populations, and communities. These long term
monitoring programs will be the primary tool used by park
resource managers to identify adverse impacts on park
resources.
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Figure 1. Gulf Islands National Seashore (shaded areas).

Understanding; the Resource

An understanding of the species, communities, and
populations that make up the Seashore is essential to making
informed resource management decisions. Documenting the
diversity, distribution, and abundance of these essential
elements is a key component of several Park research
projects. This baseline data is then incorporated into a
geographic information system. The system provides an
integrated approach to the management and analysis of the
data, and it allows the interrelation of spatially and
temporally referenced data from a variety of sources.
Examples of on-going research projects in this category
include; research on marine bird populations, a barrier
island mammal study, and an inventory of the Park's aquatic
habitats.

Marine bird research

Protected, predator-free breeding habitat for marine birds
in the Gulf has declined steadily over the years. Today,
significant populations of skimmers, terns, and shorebirds
find refuge on a dredge spoil island between Born and Petit
Bois Islands. Research is underway to determine the habitat
requirements, breeding biology, and tolerance to disturbance
of these important populations.

Barrier island mammal study

At least eight species of mammals, including introduced
feral hogs (Sus scrotal, cottontail rabbits (Sylvllacus
florldanus), and Nutria (Mvocastor coypus), are found on the
barrier islands, but little is known of their basic ecology.
An on-going research project is studying the Mississippi
barrier island's native and exotic mammal populations
through a combination of telemetry, life history,
population, and vegetation studies.



Aquatic habitats study

Although they comprise over 88% of the area within the
park's boundaries, the aquatic habitats (grassbeds,
nearshore areas, beaches, ponds, and lagoons) are among the
most poorly understood environments in the Seashore.
Research is underway to develop an inventory of the seasonal
diversity, distribution, and abundance of the major
macrofaunal components of the Park's aquatic habitats. The
research will initiate a simplified long-term monitoring
program through which Park personnel could detect adverse
impacts on Park resources related to petroleum development,
chronic pollution, or dredging practices.

Identifying Indicator Species

Another objective of the Park research program is the
identification of species, communities, or populations that
could serve as indicators of environmental change, and the
development of field methods to monitor their status. These
indicator species will serve as the focus of long-term
environmental monitoring programs in the Park. Two species,
the Osprey (Pandion hallaetus) and the mud shrimp
(Callichirus islagrande) have been identified as indicator
species thus far, and long-term monitoring programs have
begun.

Osprey

The Mississippi barrier islands support the largest
concentration of breeding Osprey on the Gulf Coast. Feeding
as they do near the top of the trophic web, Osprey are
excellent indicators of environmental quality. Their
populations are also fairly stable and easy to monitor. A
long-term study is underway in the park to determine the
population's productivity, habitat requirements, and
vulnerability to human disturbance. A long-term monitoring
program will be initiated on the basis of this research.

Beach invertebrates

Populations of beach invertebrates such as the common mud
shrimp have been targeted as indicator species as a result
of the aquatic macrofauna survey currently underway in the
Park. Populations of nearshore and beach invertebrates are
being monitored in hopes of detecting chronic long-term
environmental degradation resulting from pollution and
dredging practices, or the impact of catastrophic events,
such as oil spills.

Restoring Extirpated Populations

Worldwide biological diversity is declining at an alarming
rate. Scientists estimate that perhaps as many as one
million of the earth's species will have become extinct by
the turn of the century. Parks and reserves are an
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important means of preserving biological diversity, and
providing refuge for endangered species. The National Park
Service has led the way in the preservation of natural areas
and endangered species research and management in the United
States, and it has served as a model to developing nations
worldwide. Several projects to restore extirpated
populations are currently underway at Gulf Islands National
Seashore.

Bald Eagle relntroductlon program

A cooperative research project involving the State of
Florida and the George Miksch Sutton Avian Research Center
is underway at Gulf Islands to restore Bald Eagle
populations along the Gulf Coast. Bald Eagles once ranged
throughout the Southeast but populations have declined in
recent years to about 25% of their historic levels due to
the combined effects of pesticides, habitat loss and illegal
poaching. The project is employing the ancient falconer's
technique known as hacking in an attempt to reestablish a
breeding population of Bald Eagles on the wilderness barrier
islands of the Seashore. Young eagles hatched in the
laboratory from eggs collected in Florida are hand reared at
the Sutton Center for two months. They are then transferred
to an artificial nest atop a 30 foot high hack tower at Gulf
Islands and allowed to fledge naturally at about twelve
weeks of age. Those that survive the four to six years it
takes eagles to reach breeding age should return to the Gulf
Coast and help to reestablish the species in the region.

Endangered beach mouse conservation efforts

The endangered Perdido Key beach mouse [Peromyscus
pollonotus trlasvllepsis) was once fairly common on the
Perdido Key portion of Gulf Islands, but that population was
wiped out by Hurricane Frederick in 1979. The current total
population is estimated at less than 50 individuals, making
the mouse the rarest North American mammal. Pell-mell
condominium development along Perdido Key has destroyed much
suitable habitat, and relntroductlon into the Seashore has
been identified as the only remaining conservation option.
A research project is currently underway that will establish
a captive colony of the mice and begin their gradual
reintroduction in the Seashore.

Brown Pelican conservation

Endangered Brown Pelican populations have been increasing
steadily along the Gulf Coast after being virtually wiped
out by pesticides in the in the early 1960's. Up to 150
birds have been observed on a dredge spoil island between
Horn and Petit Bois Islands in recent years, and it is hoped
that a nesting colony will become established in the near
future. As part of an experimental project. Pelican decoys,
nesting material, and artificial nests have been provided in
hopes of attracting prospective nesters.



Developing the Management Tools to Conserve Threatened Park
Resources

Research is providing park managers with the tools needed to
minimize the adverse effects of several identified threats

to park resources. Those threats include, beach erosion
related to channel dredging practices, introduced and exotic
species, and adverse impacts associated with recreational

Beach renourishment

An experimental project is underway on Perdido Key to
determine if beach renourishment is an acceptable solution
to a man-induced beach erosion problem. Channel dredging in
Pensacola Pass has cut off the sediment supply to Perdido
Key and accelerated beach erosion over the past twenty
years. In August 1985 two million yards of sand were pumped
from Pensacola Pass on to Perdido Key restoring
approximately 20 hectares of new beach to the Seashore. A
research project is currently underway to assess the project
through an analysis of shoreline change and sediment
transport processes on Perdido Key.

Exotic species management

Introduced feral hogs (Sus scrota), nutria (Mvocastor
coypus1, eastern cottontail rabbits (Sylvilagus florTdanusl,
and black rats (Rattus rattus1 are found on several of the
Mississippi barrier islands. Research is underway to
develop population control methods, and to assess the impact
of exotic species on the native flora and fauna.

Recreational impacts

Preserving natural resources for public use is a difficult
mandate for the National Park Service. Determining the
carrying capacities of communities, the tolerance of species
to disturbance, and the development of approaches to "people
management" that reduce the adverse affects of recreational
use, is a major goal of several research projects.

Summary

The major research challenge at Gulf Islands, and other
natural coastal areas, is the development of the tools
resource managers need to maintain and accommodate the
dynamic nature of these areas in the face of relentless
urban encroachment. Although we realize that plant
communities go through successional stages, that fire is an
important component of many ecosystems, that wildlife
populations and water levels fluctuate, and that barrier
islands move, we too often ignore these dynamic qualities in
the management of coastal resources. At the same time,
these areas are becoming ecological museum pieces, natural,
dynamic islands embedded in a matrix of highly urbanized

797



f

798

man-modified environments. The need for research will
continue in the future if we are to minimize the adverse
effects of urban encroachment, and preserve the diversity
and ecological integrity of these unique coastal resources.


