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PREFACE

This report is designed to provide information
that could be used to establish a national program
for the prevention, reduction, and elimination of
pollution in estuaries. The Environmental Protec-
tion Agency has attempted to identify important
estuarine problers by soliciting written state-of-the-
knowledge reports from leading scientists working
in the field. During April 1974 EPA met with the
governing board of the Estuarine Research Federa-
tion (ERF), a professional society of some 1,500
estuarine scientists. The purpose of this meeting was
to request the Federation’s participation in selecting
the most knowledgeable contributors.

On May 30, 1974 an interagency ad hoc working
group was established to refine the reporting effort
approach and to establish the content and format
of the report. The group included representatives of
EPA, ERF, U.S. Fish and Wildlife Service, National
Oceanic and Atmospheric Administration (NOAA),
the Smithsonian Institution, and various academic
institutions.

From a list of possible contributors, 57 were
gelected. Their efforts are included in the second
part of this report. A set of guidelines, developed
by the working group, was distributed to these
authors requesting a presentation of approximately
20 pages in a style aimed at a layman audience. In
selecting the authors, an attempt was made to pro-
vide a balanced representation from the academie,
governmental, and industrial communities, including
differing or opposing points of view.

Additionally, a letter requesting information was
sent to the National Association of Manufacturers,
with specific letters to 23 member industries in the
Association. Further, those federal agencies with
estuarine pollution control programs were formally
asked to supply information for ineclusion in the
study. With all requests for information, guidance
in preparation was provided. All materials received
are either summarized or included in tofo as the
Individual Contributions section of this document.

Each contribution was examined by a minimum
of two outside reviewers selected by the Estuarine
Research Federation. Authars were provided with
the reviewers’ comments and encouraged to revise
their manuscripts accordingly; however, revisions
were not mandatory. Participating reviewers are
listed in Appendix A.

Each contributor was invited to present a sum-
mary of his paper during a symposium at Pensacola,

Fla., from Februa,rx 11 to 13, 1975. Numerous gov-
ernment representatives were invited to attend. A
complete list of attendees appears in Appendix B.
The meeting was organized to allow as much time
as possible for discussion. The intent was to provide
contributors with additional information for inelu-
sion in the final version of their papers, and more
importantly, to provide the convenors with a basis
for preparation of a useful overview report. The
symposium was divided into the following sessions:

Research Applications
Estuarine Systems
Other Pollutants
Dredging Effects
Nutrients

Fisheries

Ports

Industry

Power Plant Effects
Public’s Role

Legal Aspects

Living and Non-Living Resources
Economies
Concluding Remarks.

In order to capture the essence of the conference,
summaries of these sessions were prepared and
appear in this report. A committee was chosen
from the participants to develop the conference
format and prepare the summaries. This committee
included:

Dr. Robert Biggs, Assistant Dean, College of Marine
Studies, University of Delaware

Dr. David Correll, Rhode River Program, Smith-
sonian Institution

Dr. John Costlow, Director, Duke TUniversity
Marine Laboratory

Dr. L. Eugene Cronin, Associate Director for the
Research Center for Environmental & Estuarine
Studies, University of Maryland

Dr. William P. Davis, Chief, Bears Bluff Field
Station, U. 8. Environmental Protection Agency

Dr. David Flemer, Office of Biological Services,
U. 8. Fish and Wildlife Serviee
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Dr. M. Grant Gross, Director, Chesapeake Bay
Institute, the Johns Hopkins University

Dr. Thomas Hopkins, Chairman, Department of
Biology, University of West Florida

Mr. Kent Hughes, Special Assistant for Marine
Science Environmental Data Service, National
Oceanic & Atmospheric Administration

Mr. Robéf’o Johnson, Office of Watef .Planning &
Standards, U. 8. Environmental Protection Agency

Mr. Edward Langlois, Presidént, Portland Harbor
Pollution Abatement Committee, Portland, Maine

Dr. J. L. McHugh, Marine Sciences Research Cen-
ter, State University of New York at Stony Brook

Dr. Joseph Mihursky, Chesapeake Biological Lab-
oratory, University of Maryland

Mr. Thomas Pheiffer, Annapolis Field Station,
U. 8. Environmental Protection Agency

Dr. William Queen, Department of Biology, Mary-
land University

Mr. Kenneth Roberts, Resource Research Specialist,
Office of Living Resources, National Oceanic &
Atmospheric Administration

Dr. J. R. Schubel, Director, Marine Sciences Re—
seareh Center, State University of New York at
Stony Brook

Dr. Albert Sherk, Office of Biological Services,
U. 8. Fish & Wildlife Service

Prof. Jerome Williams, Associate Chairman, De-
partment of Environmental Sciences, U. 8. Naval
Academy

It is important to recognize that only a few of
the individual authors had the opportunity to con-
tribute to or review the session summaries. It is
hoped, however, that all points of view have been
accurately presented by the Committee.

To more effectively popularize some of the con-
cepts expressed in this report, a 28-minute motion
picture entitled “Estuary’”’ has been prepared as a
joint production of NOAA and EPA. The film
illustrates aspects of estuarine pollution, associated
problems, and confliets. It also attempts to desecribe
some approaches that have been, or could be utilized
in addressing these problems. The film may be or-
dered from the NOAA Motion Picture Service,
Rockville, Md.

A compilation of all federally funded estuarine
research projects is included in the index, prepared
by the Technical Information Unit of EPA’s Na-
tional Field Investigations Center in Denver, Colo.
The index, on microfiche, is presented as the third
volume of this report. The size of the index neces-
sitated this form of presentation to conserve space,
paper, and printing costs.

Special appreciation is extended to Dr. Thomas
Duke and his staff at the EPA Gulf Breeze Labora-
tory, Pensacola, Fla., for their assistance in conduet-
ing the symposium. Their efforts have contributed
significantly to the success of the entire project.



INTRODUCTION

Estuarine systems often are politically, economi-
cally, and ecologically complex, and major problems
cannot be solved by piecemeal action. Research,
planning and management of estuaries should be
strongly oriented toward the entire system, with
adequate consideration of the total watershed in-
cluding land use and development as well as future
trends.

1

.Estuarine resources are demanded for many alter-
native uses such as waste assimilation, recreation
and esthetic enjoyment.  Some ‘uses complement
each other, many do not. In order to choose among
competitive uses of estuarine resources, the benefits
and the costs to society as a whole which arise from
alternative uses must be systematically evaluated.

'
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SYMPOSIUM ISSUES

A number of issues discussed at the EPA sympo-
sium stand out as being particularly important in
terms of effective estuarine management. These
issues are discussed in the summaries to follow and
are more thoroughly examined in the individual
papers included in the second part of this report.
The three issues presented below are singled out
because a number of the conference participants
were motivated to diseuss them at length in their
written and oral presentations.

DATA SYSTEMS

In few estuaries are the data sufficient to estab-
lish historical trends in water quality. In no estuary
is our knowledge of the prevailing processes adequate
to unequivocally assess the causes of any persistent
changes that may have occurred or may be occurring,.
Therefore, monitoring programs are important and
must be continued, but they should be carefully
designed to provide data that will also be useful in
process-related studies. In light of our present inabil-
ity to make quick assessments of existing estuarine
environmental quality and changes occurring in
coastal areas, our present national data storage and
analysis systems must be re-evaluated. Additionally,
it has become apparent that the utility of national
data repositories is questionable when large numbers
of users with many different needs are considered.
Multiple regional data centers are much more flexible
than a single system and therefore should be con-
sidered. The smaller size of regional centers would
increase availability of regional data, increase the
efficiency of the computer systems, and decrease
maintenance costs. On the other hand, increasing
the number of computer centers necessarily increases
the work force, duplication of effort, and probably
operating costs.

viii

UTILIZATION OF ESTUARINE RESOURCES

Utilization of estuarine resources was a concern
often expressed by the conference participants and
attendees. Generally, two areas of concern were
evident: (1) consumiptive utilization of estuarine
waters and (2) discharges of nutrients, thermal
loadings, and fresh water to estuaries.

Consumptive utilization of estuarine waters is a
necessary support function for numerous industrial
processes, and vast quantities are also required for
municipal and public use. Adequate water quality
must be maintained if this consumptive utilization
is to continue.

However, concern was expressed regarding the
concept of uniform discharge controls for all estu-
aries. A suggested alternative to this approach is
to base effluent discharge controls on assimilative
capacity of the individual estuary. The assimilative
capacity must be adequately defined in terms of the
total flux of the estuary and the natural background
levels of the pollutant being discharged. The objec-
tive should be to achieve the optimum use of each
estuarine system commensurate with the manner in
which the system naturally functions.

DREDGING AND SPOIL DISPOSAL

Although estuaries are natural areas of rapid
sedimentation, man has dramatically increased the
sediment influx to many of them. Sediment inputs
associated with agricultural and construction efforts
increase the need for maintenance dredging and
therefore should be controlled at the source.

Because of the many different types of dredging
and disposal techniques, the different types of
dredged material involved, and the great diversity
of estuarine environments, present chemical indices
for classifying dredged material must be expanded
from simple numerical values for adequate nation-
wide application.




RESEARCH NEEDS

Particular research areas considered by the con-

tributors to require increased emphasis:

1. Estuarine Models—A review of estuarine
modeling programs, both mathematical and hy-
draulic, identifying both their limitations and the
circumstances in which they can be most profitably
utilized, is necessary. Greater emphasis should be
placed on the formulation of conceptual models and
on attaining a better understanding of the processes
that characterize the estuarine environment.

2. Identification of Toxic Materials—An increased
effort is needed to identify the toxic substances
introduced into the estuarine environment as a re-
sult of man’s activities. An assessment of acute and
chronic effects of these substances and their behavior
in the estuarine environment is required.

3. Natural Abundance Variations—The effects
of pollution on estuarine living resources cannot be
determined unless natural abundance changes are

known. An acecelerated effort to make these deter-
minations is therefore required.

4, Microbial Populations—Research should be
supported to develop rapid techniques for detection
of pathogens and for identification of more descrip-
tive mierobial indicator organisms.

5. Natural Fillers and Non-Point Sources—The
effect of natural ecological filters such as marsh
areas on estuarine processes is not well understood.
The possibility of practical application of this proc-
ess in waste treatment, especially with regard to
non-point sources, should be more fully investigated.

6. Population Distribution Planning—A. critical
assessment should be made of the need to recom-
mend new types of controls required for population
density in estuarine areas through appropriate zon-
ing and land use management. Zoning and land use
planning may not be adequate to control population
pressures in estuarine areas.



SESSION SUMMARIES

ESTUARINE SYSTEMS

Each estuary is unique and is a complete, complex
and unusually dynamic system, influenced by geo-
graphic location and seasonal variations. While
much useful knowledge has been gained from re-
search on the individual parts of estuaries and on
the separate processes which occur, some of the
most serious past failures in effective estuarine
management have been caused by attempting to
deal with problems as isolated events. Rather, the
total estuarine system must be considered.

Recent research has made substantial contribu-
tions to our ability to analyze estuarine systems, and
important progress is being made at several study
sites. Despite the diversity of estuaries, a study of
principal types, supplemented by local investiga-
tions to identify special problems can aid manage-
ment of all estuarine systems.

Both estuarine management and estuarine system
research are hampered frequently by the political,
economie, and ecological complexity of the estuary.
Piecemeal approaches are not as useful as a total
approach, but cooperative attitude between govern-
ments and business ean produce beneficial estuarine
management programs. Increased research on estu-
aries as systems will prove to be of exceptional
practical value in our efforts to achieve a balance
among the ever-increasing uses.

LIVING AND NON-LIVING RESOURCES

Serious public concern exists regarding the fate
of the nation’s estuaries, and their attendant re-
sources. During the period 1965-1975, legislative
and administrative bodies in coastal states acted
to protect living and non-living resources of estuaries
by banning indiseriminate destruction of estuarine
marshes; by considering fish and wildlife values
equally with economie, social and legal issues in
Federal decisions affecting estuaries; and by recog-
nizing living and non-living resource wvalues in
coastal zone planning.

Even though governmental authority to consider
living and natural resources of estuaries has been
strengthened, problems remain. As yet minimal con-
sideration has been given to aesthetic values when
the potential impact of proposed actions within
estuarine systems are evaluated. These aesthetic

X

qualities of the shore zone (mixtures of land and
seascapes) are as important in attracting people to
the coastal estuaries as marine fish and shellfish,
waterfowl, and marsh furbearers. Potential aesthetic
impacts must be considered as well as biological,
water quality and economic impacts. The conference
participants recommend that regulatory agencies
further develop criteria and guidelines to be used in
aesthetic assessments and institute research projects
designed to provide information essential to these
criteria (see Fig. 1).

Environmental protection policies and programs
are, for the most part, designed to prevent or mini-
mize further environmental degradation. Unfortu-
nately, many estuarine areas became degraded before
these policies and programs were implemented.
Recently, efforts have been made to rehabilitate
some derelict areas. The participants suggest that
these rehabilitation efforts be continued and ex-
tended when possible, along with associated research
on habitat rehabilitation.

FISHERIES

Estuaries are an important part of the fishery
resource of the United States. Estuarine environ-
ments generally are biologically more highly produc-
tive per unit area than the open sea. About two-
thirds of the commercial and recreational fish and
shellfish of the United States spend important parts
of their lives, or their entire lives, in estuaries. Thus,
management of these resources depends in large
degree on maintenance of the quality of the estuarine
environment.

Despite the acknowledged importance of estuaries
to the fisheries of the nation, the effects of estuarine
pollution on the living resources are not well under-
stood. One complicating factor is that, although the
estuarine environment is rich biologically, it is also
a highly variable environment—a harsh environ-
ment at times. This variability produces wide fluc-
tuations in abundance of estuarine resources brought
about by natural causes, and these variations usually
are impossible to distinguish from those caused by

. human activities such as engineering works and

fishing, as well as water pollution. As an example,
Fig. 2 illustrates fluctuations in the abundance of
starfish in Long Island Sound for the years 1937
to 1961. ’ : '




—(Selected }— :
Resource Visual Intangible Managerial Institutional
Type Attribute(s) Attribute(s) Implications Implications
beach -sand qualities | -molding by sea - -exclusion or -town exclusionary
~-forms energy regulation of use vs. open public
~Sweep | ~-primordial state,| structures use (visual access)
geological -debris, trash, dune -] -public use of
record buggy regulation private beaches
-yser-capacity -maintenance. funding
determinations
riverbank | -1andform | -order given to ~-bank erosion pro- -conciliation of split
configuration rural and urban tection Jjurisdictions. over -
-vegetative land use -vegetative edge riverbank areas
characteristics| -natural corridor protection ~administration of
-space/closure provides physcho- | -clearance and pubTic aecess and
patterns logical Tinkage planting management access acquisition
to both source -urban area rehabili-
region and sea tation
bluff -Tandform face |-impressiveness -exclusion or regu- { -development of
' -~crest patterns | -sense of geo- lation of use on or legislative and
-height Togical process near crest and face administrative
-sense of hazard ~cautionary use of regulation of
arosion protection bluff areas
measures
tidal -vegetative -sense of (urban) | -prohibition of ~-development of
marsh infrastructures| endangerment dredging, filling “legisiative and
' -seasonal change| -sense of sig- -regulation of administrative
c~wind imprints nificance in permitted, compatible | ‘regulation of
' -tidal changes | estuarine eco- use ‘marsh areas
system

Ficure 1.—Selected aesthetic resource and problem definitions.
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Fieure 2.—Variations in Long Island Sound sea star abun-
dance, 1937-61.

At the same time, the marked variability of this
highly produective environment illustrates the resil-
ience of living resources and uniderscores their ability
to recover from catastrophlc events occurrmg natu-
rally or of human origin. Only by examining sessile
resources like oysters and clams can we assess the
adverse effects of environmental degradatlon Exist-
ing knowledge must be fully utilized in this assess-
ment and supplemented with estimates of standing
crop, commercial and recreational catches, Tenéwal
rates, and natural morta,llty for mcst of these
resourees.

Despite the lack of data concermng the effects of
estuarine pollution upon living marine resources of
commereial and recreational value, the net effects
of water pollution can be presumed to be adverse.

Undeniable direct proof probably will never be
available. Results of experimental studies indicate
that every possible effort must be made to control
and, where possible, to mitigate estuarine Water
pollutlon

DREDGING EFFECTS

Although estuaries aré areas of naturally rapid
sedimentation, man has dramatically increased the
sediment influx to many estuaries through his
activities, not only within the estuarine zone, but
throughout the estuarine drainage basins. Increased
sediment inputs largely reflect increased erosion
rates resulting from poor soil conservation practices
associated with agricultural, strip mining, and con-
struction activities. Local production of biologically
produced sediment within the estuary has been
stimulated "by discharges of nutrient-rich waste
water and runoff from agricultural and urban areas.
Coupled with this ever increasing sediment input is
the continuing requifement for deeper harbors to

accommodate the newer, larger ships. The net effect

has been a continual increase in dredging activity
and cost as shown by Figure 3. ,

While construction of reservoirs and other
engineering works occasionally has decreased the
sediment inputs to some estuaries, the net effect
has definitely been an increase in sediment loads.
Significant progress has been made in controlling
soil erosion in agricultural activities. Similar efforts
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in other areas must be intensified so that sedimenta-
tion may be reduced significantly within two decades.
Until the influx of sediments can be curbed, main-
tenance dredging still must be employed; however,
disposal of these dredged spoils is also a problem
compounded by the difficulty in defining ‘“‘accept-
able” spoil for appropriate disposal sites.

Because of the many different types of dredglng
and disposal techniques, the different types of
dredged material involved, and the great divérsity
of estuarine environments, present chemical indices
for classifying dredged material must be expanded
from simple numerical values for adequate nation~
wide application.

The conference participants advise that cnt}ena
for classification of dredged materials should not be
based on concentrations of contaminants—neither
total concentrations, nor reactive fractions. Rather
the guidelines should be based on the total amounts
of contaminants actually available for biologicsl
uptake—i.e. the concentration of the reactive frac-
tions multiplied by the quantity of material to be
dredged for any particular project. The suite of
biological contaminants considered must be extended
to cover all potentially toxic substances and patho-
genic organisms. '

NUTRIENTS

"Most estuarine ecosystems are considered natural
nutrient storehouses. When the capacity of estuaries
to assimilate nutrients is exceeded, over-abundance
of nutrients can cause nuisance accumulations of
algae and rooted plants resulting in degradation of
water quality. Natural sources of nutrients are
mainly from upland drainage, while freshwater
streams are a source of dissolved and particulate
forms of nutrients. Major manmade point sources of
high nutrient concentrations include domestic sewage
and industrial wastes. Non-point sources typified
by farms, forests, and urban runoff provide a
high net yield of nutrients, adding significantly
to the total. More work is required to define the
relative importance of point and non-point nu-
trient sources as an ald in management control
decisions.

A realistic nutrient management program should
be based on factors that control the individual
capacities of estuaries to assimilate nutrient 1nputs
These factors include physical processes such as the
rate of flushing and biclogicsl ° ‘procésses such as
nutrient cycling, A country\mde apphcatlon of
standards to control maximum permissible nutrient
concentrations may be a counterproductive ap-

proach, because estuaries are highly diverse in their
assimilative capacity.

Nitrogen and phosphorus are considered the most
important nutrients (see Fig. 4), but their relative
influence varies within an estuary, both spatially
and temporally. Some geographical areas (notably
Alaska) are relatively free of nutrient problems, but
complacency can lead to future complications as
experienced in many areas of the coterminous states
and isolated estuaries of Hawaii.

Denitrification-nitrification, natural ecological
filters (rarshes and farm green belts), methods of
fertilizer application, and processing of urban runoff
are important research areas; however, drainage
basin needs must be dealt with on a regional or
individual basis.

INDUSTRIALIZATION EFFECTS

As the United States evolved into an industrialized
society, our ports became the hubs of industrial
activity in coastal regions. We now find ourselves
with major industrial centers dependent on water
transportation but located on estuaries neither deep
enotigh for modern ships, nor large enough to
assimilate associated wastes. At the same time these
estuaries are incredibly valuable as & biological-
recreational natural resource.

Industry depends on the estuary for waterborne
transportation, for process water, or for products
derived from estuarine waters or bottom sediments.
Refineries and petrochemical plants, crude oil
handling, power utilities, iron and steel production,
paper manufacturing and sand and gravel extraction
are the more important industries, most of which
project increased production during the next several
decades. Up to the present time, control of industrial
effluents has been through the adoption of water
quality standards and/or daily load limitations.

Apother equally important consideration requires
that we reduce the impact of industrial pollution in
our estuaries by assisting industrial centers to find
new, more environmentally acceptable sites. Re-
giohal groups must initiate work on the identifica-
tion of the areas that can better accept the industrial
wastes now - discharged into our estuaries. The
Coastal Zone Management Act, P.L. 92-583, may
serve as an excellent vehicle to achieve this long-
term objective..

POWER PLANT EFFECTS
: Eiectri(;al energy pfoduction from the steam elec-

trie station (SES) industry results in the need to
dissipate large quantities of heat. On the average,
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Figure 4.—Phosphorus, nitrogen and organic carbon in the upper Potomac River from 1913-70. The top line gives plant
Tnuisances (from Jaworski, Lear and Villa, 1972, Fig. 7).

for every 1 megawatt of electricity produced, 1.7
megawatts of heat are rejected by an SES. This
corresponds roughly to a 33 percent energy conver-
sion efficiency for a typical fossil fuel plant. Effi-
ciency of new fossil units is somewhat better, about
40 percent, while nuclear units achieve efficiencies
around 32 percent.

Eventually, all of this heat must enter the atmos-
phere. Due to its large heat capacity water tradition-
ally has been the ‘“middle man’ used to earry away
the heat. Water requirements for a single power
plant installation have increased greatly in the last
decade, due primarily to the increased size of new
plants.

Research has documented a number of undesirable
site-specific, environmental and socio-economic im-
pacts from SES operations. These impacts have
been produced by a multiplicity of factors in addi-
tion to temperature. The following factors have been
identified:

1. Temperature

2. Heavy metals leached from the power plant
heat exchangers

3. Biocides used to prevent fouling of the heat
exchangers ;

4. Changes produced by the effect of large vol-
umes of water being discharged at high speeds.

5. Pumped-entrainment, pumped-entrapment
problems.

Experience has indicated that at any given site,
one design or operating feature may be respounsible
for the most undesirable effects while at a different
site an entirely different design or operating feature
is the problem. To achieve the best solutions and
most effectively address the recognized problems,
the minimal acceptable impact must be determined.

In order to quantify any undesirable changes and
assess impacts, a standardized methodology for
measurement and evaluation must be developed
and used. These quantitative effects and predictions
must also be considered from a cost-benefit stand-
point. Such predictions, incorporated into an eco-
nomic model, would provide a powerful tool for
decision makers. The data also must be readily
retrievable or the major portion of its usefulness
will be lost. These step-by-step methodologies must
be designed to achieve siting and operational pro-
cedures with the best environmental and socio-
economic compatibilities (Fig. 5).

OTHER POLLUTANTS

A toxicant is any compound present in sufficient
concentration to interfere with normal biological
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Figure 5—Flow diagram for power plant siting considera-
tions (after Committee on Power Plant Siting, 1972)

functions. One of the major toxicant groups, the
organochlorine compounds, enters the estuarine
environment primarily as a result of pest and weed
control activities. Recent restrictions imposed on
specific pesticides have triggered increased rates of
new herbicide and pesticide development and use.
Unfortunately, the result has been that the produc-
tion and application of theseorganochlorides has
outpaced research to identify their harmful effects.

Additionally, the significance of organochlorine
compounds resulting from the use of chlorine as an

OVERVIEW xv

antifouling biocide or as a disinfectant in waste
treatment still represents an area requiring addi-
tional research effort.

Another group of toxicants is represented by
petroleum produets which include a wide variety of
complex substances with an equally wide variety of
impacts on estuarine systems (Figure 6). These im-
pacts, aside from obvious aesthetic effects, range
from immediate smothering to more subtle, chronic
genetic modification of marine organisms. The
estuary is most vulnerable to extreme impacts from
petroleum because of bioaccumulation through the
food chain.

In addition, oils act to concentrate other pol-
lutants such as metals and pesticides, thereby in-
creasing the ecological hazards. Field studies must
be done in conjunction with laboratory investiga-
tions to determine the importance of these synergistic
effects.

The potential threat of carcinogenic petroleum
substances transmitted into the human food chain
from contaminated seafood products remains to be
sclentifically demonstrated. The rates of transfer
and long range fate and effect of water soluble com-
ponents of petroleum are also poorly known.

Metals, too, pose complex problems in marine
ecosystems, especially the estuaries. Although the

-sediments can sometimes act as a sink for entrap-

ment of metals, many times man’s activities,
dredging for example, release metals back into the
marine ecosystem potentially contaminating fisheries’
resources and possibly entering the human food
chain.

1. COATING
A, DIRECT KILL
B. REDUCE RESISTANCE TO
OTHER ENVIRONMENTAL
STRESSES. e.g. TEMPERATURE,
DISEASES, OTHER POLLUTANTS
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Fiaure 6.—Pathways of oil incorporation into marine life
and effects on marine life.
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Fate and effect studies of metals and toxic com-
pounds must be complemented with effective
monitoring efforts in the marine environment for
conclusive results. Only then can “safe levels” be
established for elements in sediments, sludges,
effluents, and edible species. :

RESEARCH APPLICATIONS

Since microbial indicators are an “early-warning”
system of changes in an ecosystem, presently known
microbes should be more efficiently utilized while
additional indicator organisms are investigated.
Early or chronic environmental effects may be
detectable if the microbial indicators are employed
wisely and carefully. Increased emphasis should be
placed on the development of methods for the direct
measurement of pathogens. Combinations of indi-
cator organisms might be employed. The advantages
and disadvantages of each indicator organism should
be determined so that each may be applied more
intelligently to environmental assessment. This is
only one facet of a complex problem involving such
mechanisms as genetic transfer of resistance factors
to potential human pathogens. Additionally, im-
proved methods for virus isolation and identification
and an understanding of virus survival in estuarine
and coastal waters and sediments is required to
determine their usefulness as indicators.

Another aspect of understanding estuarine systems
involves identifying the interrelationship of the
physical, biological and chemical processes within
the system. Once understood, incorporation of these
factors into numerical models would allow the
prediction of trends and the effect of various abate-
ment procedures, along with the establishment of
appropriate monitoring sites. Unfortunately, at
present our computational capabilities far exceed
our knowledge of many of the required input
parameters. Much research, therefore, is necessary
in the area of the fundamental processes for char-
acterization in the models. Short-term efforts should
be directed toward field testing of the validity of
existing models.

Assessment of the significance of persistent chemi-
cal residues in estuaries necessitates monitoring their
existence, magnitude, and seasonality in the en-
vironment. At the same time, information on the
effects of various chemicals on significant species
must be determined under controlled laboratory
conditions.

The data of systematics form the essential founda-
tion of all other biological diseiplines, but the in-
adequate number of taxonomists in the country is
crucial. Thus it is important to support and en-

courage further development of taxonomists while
carefully conserving the human and material sys-
tematic resources already existing.

PORTS

Ports must meet environmental demands during
a period when they are faced with abrupt changes
in terminal design and operations. While increased
costs affect the economic productivity of our ports,
port development will affect estuarine environmental
quality.

An abundance of legislation with resulting guide-
lines, policies and regulations, is specifically focused
on port and estuarine areas. In fact, 53 federal
agencies and bureaus administer the 69 different
port-related activities. This partition of administra-
tive responsibility can require up to 550 individual
steps in a permitting procedure. This tedious per-
mitting process often causes confusion, delays and
additional expense.

Studies indicate marked increase in port traffic,
as shown in Figure 7. This fact, coupled with changes
in ship and terminal design has inereased the need
for dredging with its associated environmental im~
pacts. Therefore, environmental coneerns associated
with ports are increasing and a study of the regional
port concept and the impact of offshore deepwater
ports is essential.
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The participants and attendees at the conference
expressed appreciation of the importance of the
National Environmental Policy Act and the value
of the environmental impact statement required
therein. However, the following administrative areas
were identified as needing clarification:

1. Permit application process—eliminate duplica-
tion of effort for the applicant.

2. Coordination among agencies administering
the permitting program

3. Analysis of cost-benefit relationship—evalua-
tion of the economies and environmental impact.

Where ports and ships are involved and the issue
is clean water, the continuing problem involves
proper disposal of ship generated oily waste, ballast
water, and sanitary waste. Additionally, oil spills
plague port operations and continue to degrade
estuarine ecology. This situation will continue so
long as vessels transport petroleum products within
the estuarine area. In spite of efforts to regulate
vessel traffic and train oil spill response teams, more
research on methods and operational procedures for
spill prevention and control is necessary, including
the development of criteria for disposal of collected
oil spill residues.

THE PUBLIC’S ROLE

An important aspect of the total effort in de-
creasing estuarine pollution is the active participa-
tion of the public. They not only are an integral
part of any attempt to maintain the health and use-
fulness of estuaries, but also their health and welfare
are the keystone on which the entire anti-pollution
program is constructed.

The public performs three important functions in
support of the estuarine environmental program.
The first of these is to make their wants and needs
known to those who can translate these require-
ments into action. The second is to help in the setting
of priorities in the use of estuarine resources. The
third is to accept the role of responsible citizens in
reporting violations to the proper authorities and
demanding appropriate response.

Two basic problems face the public. One is in
the area of education and communication, while the
other involves money. However, most public interest
groups seem to be able to raise some funds when an
important issue develops. Edueating the public to
the important issues may be the greater problem,
since some of the issues are not well understood.

LEGAL ASPECTS

Over the past decade, the population of the United
States has been rapidly shifting to the coastal areas
of the nation. This movement, coupled with changing
life patterns and progressive industrialization,
urbanization, and development have influenced the
quality of estuaries along much of the coastal margin.
Efforts should be made to develop a set of national
population distribution guidelines which would serve
as a framework for regional, state, and local planning
and development of land use management.

An improved level of coordination and planning
among all levels of government could be effected by
the establishment of a federal interdepartmental
estuarine task foree, conceivably as an adjunct to
the federal coordination responsibilities of the De-
partment of Commerce as provided for within the
U.8. Coastal Zone Management Act. This task force
would be expected to identify existing federal laws
and policies affecting estuarine management and to
synthesize them into a single federal policy for
uniform application throughout the federal estab-
lishment.

This is especially true with respect to the present
method of granting permits. A thorough examina-
tion of the present system should be implemented
with an eye to the possible substitution of an inter-
agency-state-federal panel that reviews the permits
at all activity levels simultaneously.

The task force should further examine the current
administratively established federal wetland policy
and determine the need for legislative programs for
wetland protection applicable to all federal activities,
grants-in-aid and regulatory programs. Investigation
should be made of the need for more specific legisla-
tion to provide federal impact aid assistance to
coastal states, primarily in minimizing adverse en-
vironmental effects and providing some degree of
control over the associated social and economic im-
pact cansed by the development of federal energy
resources.

Concurrently, effective research and analytical
support must be continued. This could still come
from private institutions which have developed
expertise on the dynamics of entire estuarine sys-
tems, or specific portions, and are thus in a position
to present specific information on proposed projects.
The regulatory agencies, however, should not be
eutirely dependent on the presentation and analysis
of facts by outside parties. There also should be a
continuing use of regulatory agency laboratories to
produce an articulate program for the protection
of estuarine systems.




xviil
ESTUARINE ECONOMICS

One aspect of management resulting in continued
degradation of the estuarine environment is that
the major portion of the estuary is common property.
Since there is no individual owuership, there is no
individual responsibility for protection and each
user tends to consider his needs to the complete
disregard of all other users. This situation can be
improved by establishing an appropriate set of con-
trols to bring the private costs of using estuarine
resources into line with their social costs, thus
preventing the estuary from being abused and
overstressed.

An effective set of management techniques can
be established by applying environmental standards.
Implementation could be effected by either rezoning
or by legal regulations and ordinances. Another pos-
sibility, however is to levy an emission charge. It
can be demonstrated that the establishment of an
appropriate level of emission charge is a potentially
effective device for limiting the discharge of waste
residuals into the estuary. A clear understanding
that the polluter must pay in proportion to the
amount of waste discharged is a strong incentive
to prevention of damage.

A national policy on estuarine management is
based upon the principle that the federal govern-
ment establishes minimum environmental standards,
but that local areas should be encouraged to estab-
lish environmental quality standards more stringent
than the federal minimum. In keeping with this
premise an attempt should be made to restrain
irreversible estuarine development and to keep open
as many options as possible for the future. Changing
technology plus increasing demand for recreation
areas will probably increase the future value of un-
spoiled recreational resources and reduce the present
value of technology-intensive activities.

The value of estuaries to U.S. commercial and
sport fisheries cannot be overestimated. Despite this
important life support function, estuaries have lost
more than 7 percent of their fish and wildlife habitat
to commercial and housing development over the
last two decades. In many coastal areas these
developments proceeded without any evaluation of
the socio-economic impact. Examination of the large
number of estimates of commereial and recreational
benefits associated with U.S. estuaries, reveals that
practically all are conceptually invalid since they
measure private rather than public welfare gains.
It is misleading and unjustified from the perspective
of economic theory to value estuarine resources
solely in terms of market prices and not the public
welfare cost.

BEstuariNg PorruTion CoNTROL

CONCLUDING REMARKS

One of the products of the Federal Water Pollu-
tion Control Act, Amendments of 1972, is the
National Pollution Discharge Elimination System,
a permit system designed to control the flow of
harmful wastes into the nation’s waters and elimi-
nate the introduction of all pollutants by 1985.
Because the issuance of permits has begun only
recently, and since all permits contain compliance
schedules to reduce waste flows, no evaluation can
be made at this time of the immediate impact of
this program.

Of equal significance in this nation’s effort to
control the degradation of estuarine areas is the
development and implementation of coastal zone
management programs and procedures. This course
of action has been effective in certain areas, but
again, due to the recency of the program, there is
not enough information available to quantitatively
evaluate its impact.

To ensure that environmental protection efforts
initiated over the past decade retain public support,
the impact of the programs must be well publicized
with concrete, understandable evidence. Aggressive
educational programs, using all available media,
must be recognized as a fundamental and' top-
priority need. The wide gap between science and
public policy in all environmental matters is most
likely to be closed, or at least narrowed, by an
educated and public-spirited constituency, oriented
logically rather than emotionally toward environ-
mental management.

The general consensus of the workshop was that
uniform application of water quality standards is
impractical and from an economic point of view,
undesirable. The participants support the viewpoint
that water quality standards, when developed from
existing criteria and information, should be based
on specific locational parameters. These should in-
clude important biological species, climatological
and hydrological features, hydrodynamic character-
istics of estuaries, and the existing quality of the
environment,

In order to develop a multiple-use management
program within an estuarine area, it is essential
that the impact of pollution on one use be evaluated
as it affects other possible uses of the area. Figure 8
presents, in general fashion, a description of impacts
arising from multiple usage. The table is intended
as a management tool strictly from the standpoint
of making early decisions with regard to evaluating
potential usage of an estuarine area.and defining
some of the possible conflicts arising’ therefrom. It
could also assist significantly in the development
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of adequate water quality standards specific to a
geographic location.

In the final analysis, the participants agreed that
the Nation has been partially successful over the
past 5-year period in retarding degradation of our
estuarine zone. This has largely been accomplished
through the application of new waste treatment
technologies, and the implementation of newly writ-
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ten environmental regulations, standards, criteria
and guidelines at both the state and federal levels.
Every effort must now be made to assess current
conditions and capabilities and to use potential re-
sources and existing legislative tools to effect a
national program for the prevention, reduction, and
elimination of pollution in estuaries.
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RESOURCE MANAGEMENT
AND ESTUARINE FUNCTION
WITH APPLICATION TO THE

APALACHICOLA DRAINAGE SYSTEM

ROBERT J. LIVINGSTON
Florida State University . -
Tallahassee, Florida

ABSTRACT

Problems encountered in the management of an estuarine systemi in north Florida are discussed
with respect to existing programs and laws in Florida. The often difficult decisions concerning re-
source development depend on the availability of baseline scientific and socio-economic data.
Information is needed concerning the basic energy relationships of estuaries and the long-term
effects of pollution on such systems. Realistic estuarine management practices involve an inter-
disciplinary approach at both the local and regional levels. Federal programs should be aimed at
the translation of scientific information into the planned development of the entire drainage area
of a given estuary. Based on successful and unsucecessful attempts of resource management in the
Apalachicola drainage system, a generalized plan for estuarine development is given.

INTRODUCTION

Florida is presently a major growth area with
respect to residential and tourist development. In
addition to a population of more than 8,000,000
people, as many as 25,000,000 tourists visit this
state each year. The population pressure, extreme

in southern and western portions of the state, is .

concentrated in coastal areas where up to 75 percent
of the people actually reside. Since estuarine areas
provide the environmental basis for tourism, sports
and commereial fisheries, and other related indus-
tries, there has been increasing interest, both at the
local and regional level, in the development of work-
able resource management programs for the major
drainage systems in Florida. Although there have
been serious envirenmental problems in a.number
of estuaries such as Escambia Bay, Apalachee Bay,
Hillsborough Bay, Tampa Bay, and Biscayne Bay,
the variability of:-contributing factors (e..g., popu-
lation size, industrialization, natural estuagine func-
tions) has precluded a uniform approach to the
problem. This paper will describe various problems
of one estuarine system in north Florida, and, based
on such experience, will attempt to develop a.realistic
approach to estuarine management.

The Apalachicola Drainage System
The Apalachicola.system includesvan area-of over

19,500 square miles (Fig, 1), and is compesed of
four major rivers: (Flint, Chattahoochee, ‘Chipola,

Apalachicola) and numerous creeks, streams, and
marshes.

Drainage from Lake Seminole, an impounded res-
ervoir formed from the Flint and Chattahoochee,
becomes the Apalachicola River in Florida. This
river, together with the Chipola, is the major source
of fresh water for the Apalachicola Bay system
(Fig. 2).

This is the largest river system in Florida with
monthly mean discharge rates of approximately
25,000 cubic feet/second (cfs) and seasonal highs
approaching 100,000 cfs. The drainage area includes
a multifold complex of interlocking wetland systems
(rivers, creeks, marshes, swamps) bordered by hard-
wood floodplain forests which provide habitats for
a variety of organisms. The naturally high turbidity
of the water reflects significant levels of nutrients
and detritus that form the basis for the highly pro-
ductive Apalachicola Bay system (Estabrook, 1973;
Livingston et al., 1975A). During periods of high
flow (usually late winter or early spring), submerged
area becomes extensive due to river flooding. It is
thought that massive exchanges of various elements

‘occur between terrestrial and aquatic systems at

this time. Nutrients and detritus are flushed into
Apalachicola Bay (Estabrook, .1973; Livingston,
1974). The river influence can be detected 160 miles

to the south in the Gulf of Mexico (Curl, 1959).

* The Apalachi¢ola. Bay system, roughly 212 square
miles, is' a shallow lagoon-barrier island complex

- situated along-an ‘east-west axis: Around 500 square

miles of swamps are located above the bay; approxi-
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Figure 1.—The lower half of the Apalachicola drainage
system showing the major rivers contributing to Apalachicola
Bay in North Florida.

mately 20 square miles of marshes are associated
with the bay. Much of this region is too wet in its
natural state for traditional forms of agrieulture
without the use of diking, ditching, and draining,.
A series of barrier islands enclose the bay, and this
thin line of land, together with the freshwater runoff
from upland areas, provides the ecological basis for

the very productive estuary (e. g., numerous oyster -

bars). The major connection of Apalachicola Bay
with the Gulf of Mexico is St. George Sound, with
lesser outlets consisting of a dredged pass (Sike’s
Cut) and two natural openings (Indian Pass, West
Pass). The bay bottom consists of a sandy-shell
mixture and silty sand (Menzel and Cake, 1969)
with little development of benthic macrophyte
growth.

Apalachicola Bay is a primary source of income
for the people of Franklin County, Fla., (Colberg
et al., 1968; Rockwood, 1973; Livingston et al.,
1974A). A representative list of organisms, includ-
ing various species of commercial and sport fishing
importance, is shown in Table 1.

The Apalachicola oyster industry ranks high in
the state (Table 2), and is the fifth most valuable

_Lagodon rhomboides (Pinfish)

EstuariNg PoLroTioN CoONTROL

Tahle 1.—Representative organisms found in the Apalachicola Bay System

Fishes Invertebrates

Crassostrea virginica (Oyster)
Callinectes sapidus (Blue crab)
Penaeus aztecus (Brown shrimp)
Penaeus duorarum (Pink shrimp)
Penaeus setiferus (White shrimp)

Gymnura micrura (Butterfly ray)
Dasyatis sabina (Atlantic stingray)
Sphyrna tiburo (Bonnethead)
Anchoa hepsetus (Striped anchovy)
Arius felis (Sea catfish)

Bagre marinus (Gafftopsail catfish) Palaemonetes vulgaris
Eucinostomus gula (Silver Jenny) Palaemonetes pugio
Eucinostomus argenteus (Spotfin mojarra) | Rhithropanopeus harisii
Mugil Cephalus (Striped mullet) Neopanope texana
Tozeuma carolinense
Bairdiella chrysura (Silver perch) Periclimenes longicaudatus
Micropogon undulatus (Atlantic croaker) | Palaemonetes intermedius
Leiostomus xanthurus (Spot) Pagurus honairensis
Cynoscion arenarius (Sand seatrout)
Cynoscion nebulosus (Spotted seatrout)
Sciaenops ocellata (Red drum) i

Br ia pat (Gulf menhaden)
Menticirrhus americanus (Southern
kingfish)

Orthopristis chrysoptera (Pigfish)
Lagedon rhomboides (Pinfish)
Centropristis melana (Black sea bass)
Lucania parva (Rainwater kitlifish)
Synodus foetens (inshore lizardfish)
Lutjanus griseus {(Gray snapper)
M thus hispidus (Planehead filefish)
Syngnathus scovelli (Gulf pipefish)
Syngnathus floridae (Dusky pipefish) -
Syngnathus louistanae (Chain pipefish)
Sphoeroides nephelus (Southern puffer)
Lactophrys quadricornis (Scrawled
cowfish) - ST
Cheilomycterus schoepfi (Striped burrfish)
Paralichthys albigutta (Guif flounder)
Paralichthys lethositigma (Southern
flounder) o .
Symphurus plagiusa {Blackcheek
tonguefish)
Prionotus tribulus (Bighead searobin)
Caranx hippos (Crevalle Jack)
Scomberomorus maculatus (Spanish
mackeral) .
Microgohius gulosus (Clown goby)
Gobiosera robustum (Code goby)
Hypsoblennius hentzi (Feather blenny)

fishery in Florida. It has been estimated that over
75 percent of the commereial landings for the county
depend on species which utilize this estuary as a
nursery or feeding ground (Menzel and Cake, 1969).

" Such organisms depend directly or indirectly on

detritus, nutrient supplies, and reduced salinities
provided by freshwater runoff. The entire watershed
system is interconnected; the estuarine functions
depend on upland drainage features and a complex
series of energy exchanges and feedback reactions
within the bay system itself.

FORMS OF POTENTIAL IMPACT

" One of the important questions related to estu-
arine management concerns the long-term (chronic)
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Table 2,—0yster landings in Franklin County and the State of Florida (1950-70)
and percent contribution (County/State)

Year Frankiin County State of Florida Ratio

(1000 bs) (1000 Ibs) County/State X 100
696.0 835.2 7.7
546.6 73513 74.3
451.1 563.0 80.1
459.2 585.4 78.5
553.9 685.5 80.8
542.9 649.6 : 83.6
722.0 888.7 81.2
624.2 734.9 84.9
713.2 824.7 86.5
1,268.8 1,455.0 87.2
1,744.8 1,975.4 - 883
2,847.1 3,326.6 88.6
4,366.7 5,019.8 87.0
3,810.5 4,362.8 87.3
2,252.4 2,885.1 78.1
2,377.5 2,954.7 80.4
3,809.9 4,291.9 88.8
4,195.9 4,761.1 8.1
4,825.7 5,568.8 86.7
4,350.4 5,125.7 8.4
3,044.4 3,786.5 80.4

effects of individual and collective upland develop-
ment on estuarine systems. This includes toxic ef-
fects, habitat destruction, and changes in nutrient
and detritus relationships. Synergism and inter-
actions of pollutants with natural modifying factors
such as temperature and salinity complicate evalu-
ation of potential impact (Livingston et al., 1974b).
The extreme variability from one estuary to another
precludes broad generalizations coneerning natural
estuarine functions. Thus, it is generally recognized
that each estuarine system should be approached on
an individual basis with such factors as latitude,
drainage area, river flow, offshore circulation, and
depth taken into consideration.

Physical Alterations

Maintenance dredging has contributed to local
habitat destruction, simplification of the fauna, and
low productivity in some portions of the- Apalachi-
cola River (Cox, 1969, 1970; Cox and Auth, 1971,
1972, 1973). It is possible that dredging of the
intracoastal waterway and the opening of Sike’s Cut
in Apalachicola Bay has altered salinity relation-
ships by directing surface runoff out of the bay and
by allowing saline (subsurface) water of gulf origin
into the bay (Livingston, 1974). Such salinity in-
creases can lead to reduction of oyster crops due to
predation by organisms that are normally prevented
entry to the bay because of low salinity (Menzel
et al., 1957; Menzel et al., 1966).

Another concern is a proposal by the U.S. Army

Corps of Engineers to improve the navigability of
the Apalachicola River by the construction of a
series of four dams. Serious questions have been
raised concerning local habitat destruction by flood-
ing, interruptions of migrations by anadromous
fishes such as shad and striped bass, reduced nutrient
and detritus flow, and alteration of the temperature
and salinity regimes in Apalachicola Bay.

During the past three years, thousands of acres
of swamps and marshes have been altered by various
agricultural interests (Fig. 3).

About 10 miles up-river from the bay, a 33,000
acre cattle ranch has been established. This has
involved clearing, ditching and draining the land
and the construction of an extensive system of dikes
to prevent periodic flooding (Fig. 4).

In addition to periodic pumping of turbid, low
quality water into surrounding creeks, the natural
interactions between terrestrial and aquatic systems

Freure 3.—Wetlands areas recently cleared by cattle and
pulp mill interests in an attempt to utilize the lower Apalachi-
cola valley for agricultural purposes. The lower portions of the
cattle ranch have been cleared, ditehed, and diked while pulp
mill areas have been cleared, ditched, and drained into East
Bay. R
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DRAINAGE .DITCHES

DITCHED AREA

Figure 4.—Cattle ranch activities include digging of an
extensive system of drainage ditches and the diking of the
lower portions of the property to prevent flooding.

have been interdicted. Recently, thousands of acres
of upland timber above East Bay (Fig. 5) were
clear-cut by local paper mills.

After removal of trees, the land is plowed, ditched,
and drained into creeks that empty directly into
the nursery areas of East Bay. During periods of
heavy rainfall, highly colored water washes into the

bay (Fig. 6). This water, characterized by low pH
and altered physical and chemical characteristics, is
avoided by shrimp in laboratory experiments (Liv-
ingston, 1974). This corresponds to reports by com-
mercial fishermen that shrimp no longer enter areas
of “black” water runoff. Questions remain concern-
ing alterations in the salinity structure of the bay
and long-term changes caused by the introduction
of various chemical agents such as tannins, humates,
and fertilizers.

Industrialization

The ultimate aim of dredging and damming the
Apalachicola River is to provide a corridor for logis-
tic support and maintenance of upland industrial
interests in Florida, Georgia, and Alabama. Accord-
ing to a report by the Northwest Florida Develop-
ment Council and Economic Development District
(1974), the Apalachicola River could serve as a
major functional transportation route for industrial
concerns in Alabama and Georgia. A dam and lock
system would be utilized and adjacent corridors
would be strengthened; this would lead to increased
barge traffic and expansion of industrial interests
along the river. Plans for an industrial park just
below the Woodruff Dam have been activated.
According to the Tri-Rivers Waterway Development
Association, over 5,000 jobs in Florida, Georgia, and
Alabama are dependent on navigation along the
Apalachicola-Chattahoochee-Flint waterway. These
jobs are associated with paper mills, fertilizer fac-
tories, construction activities, sand and gravel opera-
tions, and barge facilities. By 1976, it is estimated
that 1,700 new jobs will be created by such activities.
Problems associated with increased turbidity and
heavy metal concentrations, petrochemical spills,
and municipal wastes could be anticipated with such
industrialization.

Residential Development

St. George Island is an integral part of the
Apalachicola Bay System (Fig. 7). Development
of this barrier island is considered the most impor-
tant single factor in the growth of Franklin County
(Colberg et al., 1968). With the construction of a
bridge connecting the island to the mainland, St.
George has essentially been opened for development.

The Northwest Florida Development Council has
proposed an expansion of the financial base of
Franklin County by the development of a tourist/re-
tirement community around Apalachicola Bay.




NATURAL SWAMP

3 YEARS AFTER PLANTING

Frgure 5.—Pulp mill activities in Tate’s Hell swamp, Areas are cleared, ditched, plowed, and replanted with slash pine mono-

6 MONTHS AFTER PLANTING

‘6 YEARS AFTER PLANTING

te

cultures. Growing trees are fertilized periodically. Highly colored water, eharacterized by low pH, is drained directly into the bay
from the cleared areas. The potential impact of such drainage on the bay organisms remains unknown.

However, the narrowness and relatively limited
drainage capacity of St. George Island presents a
difficult situation for residential development if the
ecological integrity of the bay is to be maintained.
The productive oyster beds proximal to the island

in St. George Sound would be wvulnerable to con-
tamination: from septic tank drainage, storm water
runoff, and pesticides. Public health standards for
approved oyster growing areas set a limiting (MPN)
value of 70 for group coliform organisms. With

i e e
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Fieure 6.—0bservations of drainage from the upland-ditched ‘a.réas in East Bay after pefiods of heavy rainfall. Highly colored
water from drainage ditches can be traced as it moves into the bay.

increased numbefs of people in the bay area, pest
control (dogflies, sahdflies, mosquitoes) would in-
creasingly become a problem. Pesticide programs
and othetr methods sueh as ditching and biological

control (e.g., mosquito-eating fishes) would have to:

be developed as the population of the area increased.
Tourist-oriented development is not without serious
problems for the oyster-based economy of Franklin
County. Before the population grows to an un-
manageable size, strict controls of such development
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SOLID WASTE

NICK'S HOLE

should be adopted if the seafood industry is to
remain viable.

The Apalachicola drainage system is presently
at a critical stage of development. In this respect,
the magnitude and complexity of the social, eco-
nomie, and environmental problems are typical of
various other estuaries in the United States. As yet,
Apalachicola Bay is relatively unpolluted. Studies
have shown that there is relatively little contamina-
tion of the bay from pesticides and other forms of
contamination (Livingston, 1974). Nutrients and
phytoplankton studies have shown comparable levels
of productivity with other areas of the Guif of
Mexico; there are no signs of eultural eutrophication
(Estabrook, 1973; Livingston et al., 1974A). Oyster
contamination appears to have remained stable over
a considerable period with no significant difference
between present coliform group MPN values and
ddta taken during the 1940’s (Livingston et al.,
1974). The epibenthic fauna appear stable (Living-
ston, 1974). Overall, the Apalachicola drainage
system represents an important natural resource
that is coming under inicreasing developmental pres-
sure. An equitable solution to the inevitable conflict
over resource development would rest in a manage-
ment program based on objective scientific investiga-
tions. Some approaches to this problem have been
made through the Florida State University System
Sea Grant Program.

ESTUARINE MANAGEMENT

A growing number of laws and administrative
regulations are being designed to promote manage-
ment and conservation of aquatic systems. The
State of Florida has developed a sophisticated sys-
tem of legal and administrative procedures regarding
development in wetland and coastal areas. A list of
environmental laws and regulations (federal and
state) along with the agencies responsible for their
implementation is shown in Table 3. Several of these
laws have been used by Florida Sea Grant investi-
gators in’ applying management practices to the
Apalachicola system.

Land Conservation Program

The Florida Land Conservation Program involves
the procurement of endangered lands by the state

Freure 7.—8t. George Island: Solid waste disposal near the
bay with increased residential development in already platted
portions of the island. Such problems often accompany
residential development of coastal areas. Marshes (Nick’s
Hole) and beaches are sensitive portions of island systems that
should be protected from destructive land development
practices. ’

iy,

T
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without eminent domain power. During the course
of a monitoring program in Apalachicola Bay it
was found that during certain periods of excessive
overflow of the Apalachicola River into associated
wetland areas, considerable quantities of terrigenous
detritus (leaves, branches, and so forth) were depos-
ited in Apalachicola Bay (Livingston, 1974). Leaf
matter from various types of trees that grow along
the river (oak, pop ash, river birch, water hickory,
et cetera) accumulated in certain areas of the bay.
The importance of allochthonous detritus to other
estuarine systems has been established (Darnell,
1961; Teal, 1962; Heald, 1969; Odum, 1971). Two

Table 3.—Partial annotated list of laws and regulations (federal and state)
pertaining to environmental problems in navigahle and tidal waters and the
Iands bheneath them

i. Federal
A. Rivers and Harbors Act of 1899 (33 U.S. Code, Sections 401, 403, 404, 406-417)

Applies to filling, excavating, or altering navigable waterways, also regulates dis-
charge of pollutants, refuse, and dredge spoils into navigable waters, U.S. Army
Gorps of Engineers is responsible for permitting (in cooperation with Florida Board
of Trustees and Department of Pollution Control).

B. Federal Water Pollutlon Control Act (33 U.S. Code, Sectlon 1141 et seq.)
—amendments of 1972, (Title 33, U.S. Code, Section 1251 et seq.)

Aims to restore and maintain chemical, physical, and biological integrity of all
waters of U.S. Calls for elimination of pollutant discharges by 1985 and achievement
of water quality for protection and propagation of fish, shellfish, and wildlife by 1983.
Responsible agencies include U.S. Environmental Protection Agency ¢(EPA), U.S.
Army Corps of Engineers, U.S. Coast Guard, with help from Filorida Department of
Pollution Control.

C. National Environmental Policj Act of 1969 (42 U.S. Code, Sections 4332, 4344)

Establishes enviranmental protection and restoration as national policy with pravi-
sions for generation of environmental impact statements concerning any actions of
federal agencies that may impinge on the environment, The Council on Environ-
mental Quality, established by NEPA, provides guidelines for such impact statements.
U.S. Environmental Protection Agency is pr|mary agency involved in enmrcement
although most federal, state, and local agencigs operate within NEPA,

D. Marine Protection, Research and Sanctuaries Act of 1972 (33 U.S. Code,
Section 1401 et seq.)

Concerned with protection of aceans frum pollutants dlscharged from vessels in-
cluding dredge spoils, chemicals, etc. nonsibl include U.S. Environ-
mental Protection Agency and U.S. Army Corps of Engmeers

E. Fish and; Wildlife Coordination Act of 1958 (16 U.S. Code, Section 661-666C)

Requires consideration of effects of work in navigable waters on fish and wildlife.
U.S. Army of Engineers coordinates with other federal and state agencies.

F. Endangered Species Act of 1973:(Public Law 93-205)

Provides conservation measures for end
trated by U.S. Department of the Interior,

gered and threatened species. Admini

2, State

A. Florida Air and Water Pollution Control Act (chapter 403, 011, Florida
statptes)

Public policy to conserve quality of state air and waters, provided that no wastes
are discharged into water without proper treatment, et cetera.- Administered by the
Florida Department of Pollution Control with help from the Division of Health of
the Florida Department of Health and Rehabilitative Services.

[

B. Florida Water Resources Act of 1972 (chapter 373, Florida statutes)

Relating to all state waters (except with respect to watér quality}, conservation
and control programs for management and conservation of such related resources
(fish, wildlife, et cetera). Utilization of surface and ground water, preverition of
damage by flooding, soil erosion, extessive drainage, et cetera. Administered by
Florida Department of Natural Resources with delegation of powers-to five regianal
water management districts. Presently involved in generation of a state water use
plan.

C. Florida‘EnvironmentaI Land and Water Management Act of 1972 (chapter
380, Florida Statutes)

Establishment of an Area of Critical State Concern (ACSC) program and the develop-
ments of regional impact (DRI) evaluation process. Areas of critical toncern qualify
for such designation by having environmental, historical, or archeclogical im-
portance, or being affected by major development. The purpose is to formulate state
decisions establishing 1and and water management policies for the guidance and
coordination of focal decisions concerning growth and development. This does not
apply to more than 5 percent of the land of Florida as an ACSC, and agricultural
activities are exempt from its provisions. A DRi is a report filled out by the developer
according to specified questions that are to be answered concerning the overall
impact of the development on the region’s environment, natural resources, economy,
et cetera. The Division of State Planning, Department of Administration implements
this act; review of DRI's are considered by the apprapriate regiorial planning agency
with the local government conferring final approval, approval with conditions, or
denial. The overall purpose of this act is to promote the creation of principles to
guide development on the local level within specified state-sanctioned guidelines
so that any major development m a given area is compatible with the local
anvironment,

D, Florida State Comprehensive Planning Act of 1972 (chapter 23, Florida
Statutes)

Provides plan for long-term guidance for staff growth by establishing goals, objec-
tives, and policies. This includes coordination of planning efforts among local, state,
and federal agencies. Division of state planning is responsibie for implementation
of this act.

E, Land Conservation Act of 1972 (chapter 259, Florida Statutes)

Environmentally Endangered Lands Program (EEL Program) based on analysis of
available ecological information to determine priorities of environmestally en-
dangered land. An EEL plan will be developed to guide the purchase by the state of
endangered lands. In such purchases, there is no eminent domain power to imple-
ment land acquisition; this precludes identification and priority listing of endangered
lands, The choice between acquisition and regulation depends on leve! of pr
necessary to achieve the desired environmental aims. Emgphasis is on ecological
significance, the importance of submerged lands, and appropriate evaluation. Ad-
ministration is by the Department of Naturat Resources with input from other state
agencies and a panel of experis on environmental and planning concerns. This
includes interagency planning and advisory committees with final approval by the
Governor and cabinet,

toanti

F. Beach and Shore Preservation Act (chapter 161, Florida Statutes)

Provides for beach nourishment, erosion control, regulation of coastal construction,
and establishment of setback lines along beaches. Administered by the Department
of Natural Resources.

. Applications to Apalachicola Bay

A. Resolutions designating Apalachicela Bay as an aquatic preserve in accordance
with management policies governing such areas.

B. St. Vincent Island is a National Wildlife Refuge that is controlled by the Depart-
ment of Interior.

C. Endangered lands along the Apalachicola River have been approved fur purchase
by the Governor and Cabinet.

D. The area is bordered by the Apalachicola National Forest and several parks.

E. A coastal setback line (state) has been established for the gulf side of St. George
Island. A county wide setback line (Franklin County) for all lands bordering aquatic
areas is presently ungder consideration,

F. The Apalachicola drainage system is presently under consideration for designa-
tion as an Area of Critical State Concern,
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years of experiments ‘were carried out in which
baskets of leaves were dropped into different parts
of the bay and checked regularly for possible asso-
ciation with assemblages of estuarine organisms
(Livingston, 1974). The leaves were found to be
associated with various food webs in the bay. Al-
though little was known concerning the exact origin
of the leaf matter and its actual quantitative con-
tribution to the bay energy budget, the potential
importance of such a source had te be recognized.

Deciduous hardwood forests border the river;
such swamps, in addition to providing a habitat
for a wide variety of terrestrial organisms, are con-
sidered to be a focal point for exchanges of nutrients
and detritus which eventually become part of the
estuarine energy systerm. In addition to serving as
filters for various inorganic and organic substances,
such swamps are thus an integral part of the ecolog—
ical balance of the lower Apalachicola wetlands.
Activities such as clear-cutting, ditching, diking,

. and draining could interrupt such exchanges;in addi-
tion, changes in the form of available leaf matter
could have an effect on the water and energy budgets
of local aquatic areas as well as downstream estu-
arine systems. This has been shown in various studies
(Egglishaw and Mackay, 1967 ; Woodall and Wallace,
1972). Recent evidence (Swank and Douglass, 1974)
indicates that replacement of deciduous forests by
coniferous monocultures can seriously alter the water
budget of upland areas. Woodall and Wallace (1972)
considered that watershed vegetation is a major
determinant of aquatic species composition and
abundance.

Comprehensive quantitative determination of nu-~
trient and detritus exchanges in bay systems is
not available; the nutrient-detritus budget of the
Apalachicola bay system remains unknown. How-
ever, the leaf data supplied by the Florida Sea Grant
project (Livingston, 1974) provided the scientific
support for the purchase of $4.4 million of river
swarap along the lower Apalachicola river (Fig. 8).
Soil analysis contributed to the identification of
flooded areas; this was used in the determination
of the endangered areas.

At this time, while much of the land is des1gnated
for immediate purchase negotiations are under way
for other lands that border the Apalachicola river
(Fig. 8). State agencies are presently considering
the trade of less sensitive upland areas (above the
drainage system) for hardwood swamps {owned by
pulp mills) bordering the river. In this way, under
the Land Conservation Act of 1972, sensitive por-
tions of 'the lower Apalachicola river walley will
eventually be set aside by the state of Florida as a
preservation area to remain in a natural state. Some

LOWER
APALACHICOLA
RIVER PURCHASES

apalachicola
------ river

acquired

under
negotiation 015345
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Figure 8.—Purchases of portions of the lower Apalachicola
River basin by the state of Florida under the Land Conserva-
tion Act of 1972. Those listed as “acquired” have been
approved by the Florida Cabinet and now await resolution of
legal boundary lines and actual purchase. Those listed ‘“‘under
negotiation” are still being considered as part of a trade with
less sensitive upland areas. : .

difficulties have been experienced with this program.
Removal of the land from local tax rolls has stirred
some opposition. Without eminent domain powers,
bargaining can become difficult, with higher prices,
bureaucratic confusion and delays often accompany-
ing the deliberations. On the whole, however, this
program has been sueccessfully carried out and is
presently a powerful (though limited) method for
the preservation of sensitive endangered lands.

Areas of Critical State Concern :

The Apalachicola drainage system is presently
being considered for designation as an ares, of critical
state concern (Table 3). Although this would allow
more state involvement in the management of the
system with respect to specific forms of development
such as municipal waste, drainage programs, and
industrialization, agricultural practices such as mas-
sive clearing and drainage operations (eattle ranch,
pulp mill operations, et cetera), and fertilization
programs would remain exempt. from control. How-
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ever, the ACSC program and the DRI Evaluation
process (Table 3) have promoted an effective means
of control at the local level. In addition to the
provision of a legal means of implementation of
county-wide planning programs, the expertise of
various state agencies is made available to local
governments. All too often, such governing bodies
are inexperienced in zoning and subdivision regula-
tions that promote orderly growth. Franklin County,
for instance, has recently taken steps in this direc-
tion by soliciting and passing a county-wide plan.
In addition, at the urging of Sea Grant investigators
and loeal seafood interests, a group is presently
looking into the development of county zoning regu-
lations to promote protection of the bay system.
Such activities are not without considerable opposi-
tion. Reaction includes demands for reimbursement
by property owners in such state or county controlled
areas, requests for more specific scientific informa-
tion concerning designation of critical areas, and the
establishment of tax relief provisions for counties
with high percentages of setback lines and critical
lands.

s

Negotlatlons With Individual Developers

Another approach has been attempted” by the
Florida Sea Grant Program (Livingston, 1974). Sea
Grant scientists are presently initiating a research
effort in conjunction with pulp mill interests (the
Buckeye Cellulose Corp.). A cooperative research
program has been developed whereby all clear-
cutting, roadbuilding, and drainage operations in
the East bay system have been suspended. In ad-
dition to indepth, long-term field monitoring opera-
tions in this area to determine potential impact
(Livingston, 1974), experimental ecological research
will be carried out'in conjunction with a compre-
hensive terrestrial-aquatic sampling program. An
experimental area will be cleared and ditched snd
the physicochemical and biological factors in adja-
cent areas will be continuously monitored to deter-
mine the potential impact of storm water runoff on
the aquatic biota. Also, new ways of land utilization
will be tested; this includes the setting aside of
extensive fringe areas, direetion of runoff to holding
ponds before release into surrounding areas, and so
forth. It must be pointed out that this is due in
large part to the enlightened environmental policies
of the Buckeye Cellulose Corp.; it does emphasize
a growing willingness among private concerns to
experiment with ‘alternate methods of development
when such efforts are based on objective ‘scientific
data. The importance of local con’oact should not
be underestimated.

Barrier Island Development

The situation on St. George Island is a classical

~ecase of the dilemma of residential development

within estuarine systems. St. George Island is one
of three barrier islands that form the Apalachicola
bay system (Fig. 2). The island is 30 miles long
(7,340 acres of land; 1,200 acres of marshes) and
averages less than 14 mile in width. It conforms in
geological and biological terms to classical barrier
island characteristics (Fig. 9) and is an integral

‘part of the bay system (Livingston, 1974).

It is entirely surrounded by salt water, and any
freshwater runoff comes entirely from rainfall which
filters through the sandy soil and undergoes dis-
charge. This water eventually ends up in the bay
or the Gulf of Mexico. The proximity of oyster bars
in St. George Sound to the island adds to the
sensitivity of this situation. In other words, because
of its length, position, and unique ecological fea-
tures, St. George Island is a key to the continued
viability of the Apalachicola bay system. Several
years ago, & bridge from the mainland was con-
structed; this added to the prospects of residential
development on the island. There has already been
a relatively rapid rate of growth although this has
occurred without zoning restrictions, sewage treat-
ment facilities (septic tanks are generally used),
solid waste disposal, and storm water runoff control.
The island is presently-in a state of flux with various
interests vying for its use.

The major landowner on the island (Leisure
Properties, Ltd.) proposed a test area for develop-
ment of about 800 acres which would be carried out
under the developments of regional impact (DRI)
guidelines provided under the Florida Environmen-
tal Land and Water Management Aect of 1972
{Table 3). This law places control of development
solidly in the hands of local (county) interests.
There are both positive and negative features to
this appreach. Local control is favored because it
allows more immediate feed-back to those who will
be most affected by the proposed development. On
the other hand, county commissions in Florida
rarely have the expertise at their disposal to evalu-
ate the DRI, and consequently must depend on
state agencies, regional planning agencies, and local
experts for guidance. This can be confusing, espe-
cially when there is little scientific data on which to
base a far-reaching zoning or subdivision plan. In
the case of St. George Island, scientists associated
with the Florida Sea Grant Program in Apalachicola
Bay have worked with county and state agencies,
and the developers to provide a plan for the long-
term management of St. George Island. Included in
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this plan would be the provision of an advanced
sewage treatment plant, storm water runoff and
nutrient control, a regulated pest control program,
protection of sensitive portions of the island-bay
system, and so forth (Livingston, 1974). A baseline
study would precede any development and would
continue throughout the various phases. Any impact
determined by the scientific studies would be re-
ported to state and county officials and the source
of the problem would be eliminated before develop-
ment could proceed. The DRI would make this a
legal necessity. Funds for such studies would be pro-
vided by the developer and administrated by the
county commission to avoid conflicts of interest.
Such a plan is not without liability. It is possible
that chronic pollution such as heavy metal contami-
nation could escape detection and build up to levels
that would eventually have an impact on the bay
ecosystem. Another possibility is that increased de-
velopment would lead to other forms of expansion
that are not as susceptible to control. Such a pro-
gram also depends on the economic viability of the
developers, which is not always assured.

An alternative to this plan would be a restrictive
zoning ordinance that would severely reduce the
population on the island. In this case, there still
would be no support facilities (sewage plant, storm
water control, et cetera), although the population
increase would not be as rapid. Whether or not such
a plan would work over the long run is also doubtful.
Another possibility is the purchase of large portions
of the island by private foundations and/or munici-
pal and state agencies. Presently, all these alterna-
tives are being examined by various groups. This is
a good example of the difficult types of decisions
that must be made in any comprehensive planning
program. :

The Role of Research and
Education in Resource Management

There is a growing realization of the importance
of long-term scientific monitoring programs in the
management of estuarine systems. Such research
should be coordinated with state and local adminis-
trative bodies so that such knowledge can be utilized
in the planning process. This should involve local
interests so that control remains realistic and com-
patible with user concerns. Such research can be
coordinated with educational processes to accelerate
this process. For instance, local high school classes
have been taken on field trips by Sea Grant re-
searchers in the Apalachicola bay project and under-
graduates from Franklin County (enrolled at Florida
State University) are presently employed. in the
research effort (Livingston, 1974). As part of the
program, the principal investigator also acts as an
advisor to the board of eounty commissioners and
serves as a member of several committees that
formulate county and city ordinances to protect the
Apalachicola system. The interaction of estuarine
scientists and county personnel has also resulted in
the generation of county funds for the research
effort. Thus, using the federal Sea Grant Program
as a base of support, matching funds have been
provided by local, private, and municipal interests
for baseline studies so that answers can be found to
the problems of the bay. The résearch and educa-
tional effort should not be underestimated in any
management program, and actually forms the basis
for understanding that is fundamental to the success
of any planning effort. There should be increased
incentives for scientists to interact with local inter-
ests and state agencies to apply basic biological
research -to the problems associated with develop-
ment in natural drainage areas..
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The Future of the Apalachicola System

The Apalachicola drainage system is presently the

focal point of development by various interests. On

the one hand, it is still in a relatively natural state
with Apalachicola Bay providing the basis for ex-
tremely productive sport and commercial fisheries.
On the other hand, various agricultural, commercial,
and industrial interests are beginning to utilize the
system in ways that will eventually come into con-
flict with present usage. The Apalachicola system is
actually a microcosm of what is occurring in the
estuaries all over the country, with conflicting inter-
ests competing for the use of terrestrial and aquatic
resources. A number of state and federal agencies,
responsible for the administration of a welter of new
environmental laws and regulations, are also in-
volved in this situation. There are indications that
long range planning and resource management based
on extensive scientific data will be necessary if such
systems are to remain productive. However, despite
a serious promotional buildup by industrial interests
and the Army Corps of Engineers to promote dam-
ming and industrialization of the Apalachicola River,
no move has been made to fund a research program
to answer the'serious questions concerning the effects
of such actions on the aquatic system and those
who depend on it. Various approaches have been
attempted to promote the planned usage of the
Apalachicola drainage system. Land that is consid-
ered environmentally sensitive and endangered has
been purchased by the State of Florida for preserva-
tion while land swaps of upland forested areas for
endangered wetlands are presently under considera-
tion. An estuarine management program, funded by
the Florida Sea Grant program, has served as a
platform for the development of an educational and
research program designed to promote an orderly
approach to the development of the Apalachicola
aquatic system. Various private interests such as
pulp mills and land developers have contributed to
this effort to determine sensible ways of utilizing
the wetlands without having an impact on the bay
productivity. Various actions by the State of Florida
have aided in this effort. Preservation, conservation,
and development areas have been determined, and
new laws and regulations have enabled a new ap-
proach for planning at the local level. County
governments can now utilize various state and fed-
eral resources to help them in the effort to plan for
future development, When combined with scientific
research teams from various disciplines, these inter-
actions can lead to constructive action. In spite of
all this, major unresolved problems exist. Non-point
sources of pollution and activities relating to an

impact on the aquatic energy systems have not
been adequately researched. The imminent deter-
mination to industrialize the river and develop
broad new residential areas on the barrier island
system of the bay will demand considerable plan-
ning if the Apalachicola Bay system is to remain
productive. Increased cooperation and interaction
of federal, state, and local agencies will be necessary
to develop successful management schemes.

APPLICATIONS AND CONCLUSIONS

1. The successful development of an estuarine
resource management plan would depend on a com-
plete environmental resource analysis. This would
include baseline scientific data, and comprehensive
economic and land inventory information so that
decisions can be made concerning resource utiliza-
tion by conflicting interests.

2. Based on the available information, decisions
should be made concerning how the system is to be
utilized. This would depend on population distribu-
tion, the extent and form of industrialization, im-
portance of sports and commercial fisheries, aesthetic
considerations, and so on. Thus, at an early stage
of development, the actual functional use of the
system should be determined (industrial, sports or
commercial fisheries, recreation, et cetera).

3. Following the initial determination of use, crit-
ical or sensitive areas in the system should be identi-
fied. This would include an assessment of the impact
of point and non-point sources of pollution. Equally
important should be the protection of the basic
energy system of the estuary. Although various
forms of pollutants can harm an estuarine ecosystem,
it is possible that through improper land use, the
sources of energy for such a system are altered. This
can ultimately be translated into a decrease in useful
productivity. The significant relationship of the estu-
ary with its associated upland drainage system
should be determined so that basic productivity at
all levels remains intact.

4. Based on a scientific assessment of the entire
drainage system, a broad management scheme should
be developed whereby critical areas are preserved.
This should be done through the purchase of such
areas by state and federal agencies; this could be
patterned after the Florida Land Conservation Act
of 1972 where public funds are used to purchase
environmentally endangered land. Other areas that
are considered important should come under some
form of conservation and management program.
This could be approached in various ways such as
areas of critical state concern, state and local set-
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back ordinances, and restrictive zoning programs.
The federal government should promote advisory
services on the local level so that various concerned
interests are involved at the decisionmaking level.
It is not a matter of doing basie or applied research.
Significant questions should be asked, and sound
scientific data should be used in the development
of an overall management scheme,

5. Because of the individual nature of the eco-
logical functions and problems of each estuarine
system, no uniform or generalized scheme of re-
source management is possible. Administrative func-
tions should be regional and interdisciplinary in
nature. The regional approach would be based on
the extent of the individual drainage system. In
addition to representation of the various local inter-
ests within the decisionmaking process, an admin-
istrative mechanism should be developed for the
translation of scientific data into management and
planning concepts. Again, the federal government
should provide programs that encourage scientists
to participate at the local and regional levels so that
information is readily available when needed. This
would include eduecational training programs and
coordination of resource inventory analysis.

The ultimate goal of a resource management pro-
gram for any given estuarine system should thus
provide a plan that would be based on objective
scientific data and would allow the application of
intelligent alternatives to a given local or regional
situation. Only in this way can the often difficult
decisions be made which concern resource use in
our estuaries.
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THE RHODE RIVER
PROGRAM
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ABSTRACT

An intensive study of the interactions of the Rhode River, a subestuary of Chesapeake Bay, with
its watershed and airshed is being conducted at the Chesapeake Bay Center for Environmental
Studies. Rainfall is a major source of nitrogen nutrients for the watershed and the estuary. Very
little of the nitrogen in the rain falling on the watershed or that applied to cultivated croplands
reaches the estuary. Almost all of the phosphorus loading of the estuary is from watershed runoff.
Using land use analysis and watershec{’ runoff studies, seasonal area yield loading rates have been
calculated from land use categories. Freshwater wet areas are effective traps for nitrogen, phos-
phorus and mineral suspended matter, while residential areas and cultivated croplands are major
non-point sources of these parameters. Neither the upland soils, nor the tidal marsh sediments
can be considered long term sinks for phosphorus. Most of the organic matter which fuels the
food chains of the estuary is produced by the phytoplankton, rather than upland forests, tidal
marshes, or mud flat benthic plants. The phytoplankton productivity peaks in an area of the
estuary in which the ratio of nitrogen to phosphorus is between 5 and 20. Net productivity also
peaks in this zone,

Thus this estuary, which has no point sources of pollution, is maintained in a eutrophic situation
by nitrogen loading from rainfall and distant sources of water pollution in the bay, and from
phosphorus loading from residential and agricultural diffuse sources. Where the ratio of these
nutrients is maintained within a biologically useful range intensive phytoplankton blooms develop.

INTRODUCTION

The Chesapeake Bay Center for Environmental
Studies, established in 1965 by the Smithsonian
Institution, is a 2,600-acre research faeility on the
Rhode River. This subestuary on the western shore
of the Chesapeake Bay just south of Annapolis was
chosen for a long-term research program because it
is small enough (two square miles of open water)
to be studied in detail, yet large enough to have the
characteristics of an estuary.

Although the estuary is near major research cen-
ters, its shoreline had not been completely developed
when the Center was established. Portions had been
bulkheaded or filled and developed for marinas and
suburban housing, but large areas are still relatively
undisturbed. The land in the watershed of the river
still falls into a mixture of land use categories typical
of the western shore of Chesapeake Bay.

The research program at the Center is concerned
largely with the interaction of the Rhode River
estuary with its watershed and man’s impact on
this system. The effects of air pollution from the
Baltimore-Washington metropolitan area, land use
practices, and the disposal of sanitary waste waters
generated by a rapidly growing population are being
studied. The research program is being conducted
by scientists from the Smithsonian Institution, the

U.8. Geological Survey, and from nearby universi-
ties, principally The Johns Hopkins University and
the University of Maryland. The broadly based
interdisciplinary effort begun in the mid-1960’s, has

- grown to a major research program during the last

four years.

The research at Rhode River has been concerned
with (1) gaining an overview of the current status
of the estuarine-watershed system, and (2) attempt-
ing to dissect the system in order to understand
the funection and quantitative importance of each
component.

The components have been considered from two

points of view:
Spatial components—Airshed and weather, uplands,
tidal marshlands and mud flats, open water tidal
creeks, the main basin of Rhode River proper, and
the spine of Chesapeake Bay.

- Functional components.—Physical-chemical condi-

tions (temperature, nutrients, soil or substrate, et
cetera), primary producers, primary consumers, sec-
ondary consumers, and decomposers.

Bach spatial component will have a series of
functional components. In the case of tidal marshes,
for example, we have asked the following questions:
What is the primary productivity per unit of surface
area? What organisms carry out this productivity
at each season of the year? How much of this pro-
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ductivity is used to support the primary consumer
and decomposer components of the marshes, and
how mueh is exported to the Rhode River basin
spatial component?

‘The purpose of this report is to summarize the
more important research results of the program, i.e.,
those relevant to “The National Estuary Study,”
and to outline research which I anticipate will be
carried out at Rhode River in the next few years.

STATEMENT OF PROBLEM AREAS

We lack intensive, long-term measurements of the
key parameters on which to base a better under-
standing of the functional role and significance of
each component of an estuarine ecosystem.

We also lack sufficient data processing and data
utilization from ongoing estuarine research programs.

As a result of problems above, we do not possess
the perspective necessary to see the relationship of
each component to the system as a whole. Until we
obtain this perspective, efforts towards optimum
management of estuaries are certain to be arbitrary
and often counterproductive.

REVIEW OF RESEARCH RESULTS FROM
RHODE RIVER PROGRAM

Airshed Interactions

Rain falling on the Rhode River and its watershed
contributes significant amounts of nutrients, espe-
cially nitrogen. A network of rain gauges has been
established on the watershed and rainwater is col-
lected routinely in a special receiver for chemical
analysis (Correll, 1973).

In the 1973-74 hydrological year rainfall on the
Rhode River watershed deposited 0.40 1b of phos-
phorus per acre year, mostly as free phosphate, the
form most biologically available. This is a relatively
small amount compared to an average fertilizer
application rate of 29.5 lb/acre year on the culti-
vated crops of the watershed (Correll, 1973). How-
ever, the rainfall also deposited 6.6 lbs. of nitrogen
per acre year (2.84 1b nitrate-N and 3.79 b organic
plus ammonia-N/acre year). Most of this nitrogen
came down in forms readily utilized biologically.
The average fertilizer application rate on cultivated
crops on the watershed is 57.3 Ib N/acre year
(Correll, 1973). ,

The daily rainfall area loading rates for each
season are given in Table 1. Of course, it must be
remembered that the rainfall loading is applied to
the entire watershed and the Rhode River itself,
while fertilizer is not.

Tahle 1.—Nutrient loading rates from rainfall an the Rhode River watershed
(1973-74 hydrological year)

Total-N Total-P . NP
Season (ib/acre day) (Ib/acre day) (wt ratio)
Winter (Dec., Jan., Feh.).__| 0.0133 0.00049 27.0
Spring (Mar., Apr., May)___| 0.0277 0.00183 15.1
Summer (June, July, Aug.)_| 0.021 0.00160 13.0
Fall (Sept., Oct., Nov.). 0.0106] 0.00046 23.1
Entire year_ 0.0182 0.00110 16.6

Upland Interactions

The watershed of the Rhode River is composed
of many small drainage basins, some of which drain
into discrete creeks that can be monitored by instru-
mented sampling stations. Five such stations have
been in operation for one year. Water discharged
from each of the five basins is recorded, and volume-
integrated water samples are taken automatically
for analysis of sediment and nutrient concentra-
tions. Each of these drainage basins contains a
different proportion of five land use types: culti-
vated cropland; wet areas such as ponds, swamps,
and marshes; pasturelands; natural areas such as
forest and brushland; and residential areas plus
roads and bare areas. The average land use on these
watersheds was 23.5 percent cultivated crops, 0.5
percent wet areas, 57.2 percent natural areas, 13.6
percent pasturelands, and 5.2 percent residential,
plus others. The total watershed area monitored was
2,100 acres. The data gathered on water discharge
and econcentrations of sediments and nutrients have
been used to determine mathematically the area
loading rates delivered from each of the five land
use categories to the Rhode River at different times
of year. Some of these rates are given in Table 2.
Although they are subject to refinement in precision
as the project acquires a larger data inventory, these
rates are of considerable interest in predicting the
effects of land use change upon the turbidity and
nutrient loading of an estuary on a seasonal basis.
Equivalent data has not yet been processed for the
fall season.

The area yields from cultivated eropland are con-
sistently higher than from natural areas for all three
parameters. The ratios of area yields for nitrogen to
phosphorus for cultivated croplands decreased from
21 in winter to about three in late spring and summer.
Wet areas such as swamps and marshes obviously
trapped large amounts of all three components per
acre and are therefore very important with respect
to estuarine pollution. (A negative value in the table
indicates the removal of the material from runoff
water and shallow groundwater as it flows through
land in this category.) In general, loading from
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~““Tatile 2,~~Nonpoint source area loading rates from upland land ‘ise categories

to the Rhode River estuary

tand use Total-N Total-P Mineral suspended
category (lbs/acre day) {Ibs/acre day) matter
(lbsfacre day)
Winter .
" Cultivated cropland...._..._.] ~+0.0052| -+0.00036 - 40.31
‘Wetareass.___...._..___/] - ~—0.095 —0.014 -4.6
Natural areas®_______.____.] -4-0.00033| +4-0.00021 +40.088
Grasslandse__ +-0.016 -+0.0020 --0.087
Residential and othersd.._| —0.0034 —0.0025 -+0.44
Spring . R
Cultivated cropland.______| -+-0.0080 +-0.0026 +0.80
Wet arease______________] —0.38 —0.088 —26
Natural areasb._........_. -+0,0029 -+0.00054] . T 40.026
Grasstandso. . .oeneoel] . —0.0087} —0.0051 , -+0.41
Residential and othersd.__ | 40.031 +0.026 +3.3
. Summer : . L

Cultivated cropland_..._.__| +40.023 --0.0098 +1.4
Wetareasa_______________| —0.36 ~0.16 —36
- Natural areas®____... . __] -0, 00085 -+0.00021 —0.080
Grasslandse_.________.__ —0.014 —0.0098 —0.023
Residential and others d._... -+-0.014 -+0.018] +1.2

a Includes open water, freshwater, marshes and swamps.
b |ncludes forest and brushlands.

o Includes primarily pastureland.

4 Others include bare areas, paved areas, dumps, roads.

grasslands tends to shift from high positive values
in winter to negative values in summer. In spring
and summer, the land categorized residential was a
major source of nitrogen and phosphorus.

Residential land was always a major source of
mineral suspended particulates. In contrast, natural
areas usually had area loading rates of nearly zero
for nutrients and low rates for mineral suspended
matter. Rainfall area loading rates for nitrogen and
phosphorus (Table 1) usually exceeded area loading
rates from natural area uplands (Table 2).

Stream samples were taken at times of known
water discharge and analyzed for total and fecal
coliform bacteria as indicators of potential.pollution
with human pathogens. Not enough data has been
obtained to calculate reliable area yield rates for
each land use, but some conclusions seem justified
for the watersheds overall. Progressively higher aver-
age area discharge rates for coliform bacteria were
observed on February 21, March 18, May 13, and
June 17, 1974 (1.9 X 108 4.5 X 103, 4.5 X 10% and
7.7 X 10* total coliforms/acre min, respectively).
This was despite the fact that progressively lower
water discharge rates were measured for the same
time perxods No one watershed had obvmusly dif-
ferent emission:rates.

Radioisotope studies were conducted of the phos-
phorus eycling ‘and flux oceurring in natural wood-

~lands subjected only. to rainfall loading or to increased

mineral loading' designed to simulate land applica-~

- tion of sewagé’ effluents (Correll and Miklas; 1974).

Phosphorus loading rates of up to 3.8 lb/acre day
were used. Neither the leaf litter zone nor the soil
column were able to bind and store significantly

‘greater amounts -of pliosphorus: than were present

initially. Applied phosphate was rapidly assimilated
by microorganisms in the leaf litter zone and then
moved into the soil eolumn. Within the soil, the
phosphorus, still packaged within microbial cells,
moved laterally in the interstitial waters and was
lost from the.forest as shallow groundwater runoff
in the local streams.

Tidal Marshes and Mud Flats

Many of the tidal marshes and mud flats bordering
the Rhode River today are located in or adjacent to
Muddy Creek, a headwaters tidal channel. These
areas function as filters and thereby alter the water
quality of the tidal waters. It is estimated that the
Muddy Creek system, which drains 66 percent of
the watershed, discharges about 16 tons of suspended
particulates per year into these mud flats. Most of
this load is precipitated as a result of aggregation
and reduced water velocities before it passes into
the Rhode River proper. Thus the mud flats and
tidal marshes act as sediment traps.

The tidal marshes also assimilate phosphorus and
nitrogen nutrients at a high rate. These marshes
bave large surface areas in contact with the tidal
waters. These surface areas are covered with peri-
phyton, a community ' dominated by algae and
bacteria. The bacteria in this surface microbial film
are responsible for most of the nutrient uptake
(Correll, Faust and Severn, 1973; and, Bender and
Correll, 1974), following which the mnutrients are
transferred down or laterally in the interstitial
waters of the sediments by the pumping action of
the tides until they reemerge in the water draining
into the tidal channels at low tide.” No significant
net accumulation of mineral nutrients occurs under
natural or increased mineral nutrient loading in the

high or low tidal ‘marshes of the Rhode River
- (Correll, Faust and Severn, 1973, and, Bender and

Correll, 1974), but many organic forms of phospho-
rus and mtrogen are mineralized in the overall
process. Thus, incoming tides contain a higher pro-
portion of orgam'c and particulate forms of mineral
nutrients than ebbing tides. B

Experiments with periphyton on ‘artificial sub-
strates in the mud flats indicated average phospho-

* rus.uptake rates of 0.18 ton P/acre year and an
. average turnover time for total periphyton phospho-

rus of 29 hours. The primary production of tidal
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marshes and mud flats is due to the activities of
submerged and emergent higher plants and the
periphyton microbial community on the underwater
surfaces:

The productivity of tidal marsh emergent plants
(commonly called grasses) is usually considered to
be high. In the Rhode River, the productivity of
various marsh communities, as estimated from stand-
ing crop at the end of the growing season, varied
from 1.4 to 5.0 ton dry wt/acre year (Correll, 1973).
The most prevalent communities had productions
of about 2.6.ton dry wt/acre year. Actual carbon
dioxide uptake measurements in high marsh com-
munities gave values which ranged up to 222 Ib/acre
day as a maximum during the peak of the growth
season, but that season only lasts about two months.
Thus, these figures are within a factor of 2 of the
standing crop values. In the mud flats the productiv-
ity of the beds of submerged vascular plants as
judged by standing crop in July, was 0.18 to 0.23
ton dry wt/acre year.

The underwater surfaces of both marshes and mud
flats are covered with periphyton. Studies of peri-
phyton growth on artificial substrates gave an aver-
age rate of 0.18 ton of ash-free dry wt/acre year
(Correll, 1973). Actual rates of periphyton net
primary production, as determined by radioisotope
methods, averaged 1.1 tons ash-free dry wt/acre
year (Correll, 1973). Because this value does not
account for losses due to grazing, death, et cetera,
it is mouch higher than the biomass growth rate
value on artificial substrates. Even so, the produe-
tivity of the mud flats (submerged vaseular plants
plus periphyton) was lower than the productivity
of the tidal marshes (about 1.3 vs 2.6 tons dry
wt/acre year, respectively). Periphyton carries out
primary production in the marshes all year, but the
rates within the marshes have not been measured at
Rhode River. This primary production has the
potential for making two significant contributions
to the Rhode River: (1) providing a food supply
for spawning and nursery grounds, and (2) providing
the estuary with dissolved and particulate organic
matter carried by tidal currents.

There is little doubt that the first is a bona fide
role for this component of the system. However,
experiments at Rhode River tend to deny the im-
portance of the second. Carbon dioxide exchange
measurements on one meter square experimental
plots in high marsh communities indicate that, due
to the metabolism of the microorganisms within the
bottom sediments and the surface litter layer, most
of the organic material produced in these marshes
is respired away again while still in the marsh. Thus,
most- of the grass productivity actually fuels the

food chains of the marsh, rather than being exported
by tidal currents to the estuary.

Another question concerning the role of tidal
marshes and mud flats is, how effective are they at
removal of bacteria carried into this area by the
runoff from the Muddy Creek system? Preliminary
data suggest that once the bacteria are discharged
into tidal waters, most of them survive until they
are exchanged into Chesapeake Bay proper.

Rhode River

The chemical and physieal properties of the estu-
ary have been studied extensively. Gradients exist
for the concentrations of most parameters due to
freshwater runoff from Muddy Creek at one end of
the estuary and the exchange of brackish water
from the bay at the other. These gradients undergo
seasonal changes which must be understood if the
biological components of the estuary are to be
analyzed.

The surface water of the bay adjacent to Rhode
River typically reaches a minimum salinity (4-5
percent) in May or June due largely to flushing by
the Susquehanna River. It then increases steadily
to about 12-13 percent by November or December
(Correll, 1973). This cyecle controls the rate of ex-
change of the waters in the lower Rhode River.
Local watershed freshwater runoff is usually highest
in winter and spring, while it often reaches values
of essentially zero in late summer or fall.

The total load of suspended particulates in the
estuary varies from about 60 tons in the fall to 300
tons in the spring and summer, of which organic
matter comprises an average of about 60 percent
(Correll, 1973). The turbidity decreases from up-
stream to downstream. These particulates are im-
portant as sites for microbial attachment and for
binding of organic matter and phosphorus com-
pounds. They are also important because they
severely limit light penetration and thus primary
production.

The nutrients (P, N, organic matter) also decrease
toward the mouth of the estuary. An exception is
nitrate nitrogen, which in the spring has a minimum
concentration in the middle of the river (Table 3,
and Correll, 1973). Thus, phosphorus in the estuary
derives almost entirely from the watershed and de-
creases in concentration toward the bay due to
exchange-dilution with waters of lower phosphorus
content. Phosphorus also is deposited in bottom
sediments through sedimentation of particulates
during normal conditions when bottom waters are
not anaerobic. Massive pulsed releases of phos-
phorus from bottom sediments occur when bottom

o
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" Table 3.~Mineral nutrient concentrations in Rhode River surface waters

Sta. Total-P | Dissolved Nltrate —'h- Nitrite | Org-N 41 Weight
(ug P/1)| Ortho-P Ammonia{ ratio
. (ug P/1) gN/D | (NP
‘ ' April 17 (1973)
) U 2% 3 625 669 49.8
18] 28 6 483 684 413
B I 32 3 357 769 35.2
SN I N— k74 3 78 838 24.8
@ (S 56 2 10 931 16.8
£ 9. ] 70 2 13 808 1.7
g I 1 43 319 362 6.1
«
a
5 August 9 (1973)
el
g w.._] 187 12 6 138 1.4
= 13 134 10 4 1141 8.5
| I 166 a3 ] 910 5.5
S 166 43 5 894 5.4
| [— 184 25 2 1011 5.5
[ I— 195 50 2 1076 5.5
8cnnd 469 126 1 1658 3.5

waters go anaerobic occasionally in the summer.
A single such release of about one ton of phos-
phorus into Rhode River was documented in 1973
(Correll, 1974). The occasional occurrence of
transfers of phosphorus from anaercbic, phosphorus-
rich deep layers of the bay into Rhode River are
also suspected but not well documented. Nitrogen
enters the Rhode River from the Watershed} and
airshed in high concentrations most of the year and
from the bay in the winter and spring.

Phytoplankton is responsible for most of the prl-
mary production in the Rhode River. The plankton
blooms usually result from bay phytoplankton being
exchanged into Rhode River, where growth condi-
tions are more favorable and their populations in-
crease despite the continuous dilution with bay
water. The average net productivity of this phyto-
plankton in the Rhode River, as determined by
radioisotope methods, was about 9 tons dry wt/acre
year (Correll, 1973). This value is very high, when
compared with 1.3 for mud flats or 2.6 for tidal
marshes.

Since very little of the carbon fixed in the marshes
is exported to the estuary, and since the surface
area of the estuary is greater than that of the mud
flats and marshes, most of the organic matter which
drives the food chains of the Rhode River is prob-
ably also produced in the river. Loading rates for
Rhode River for organic matter contained in runoff
were estimated to be 25-35 tons dry wt/year on the
basis of extrapolation from ecurrently : available
watershed runoff data. Since the surface area of the
Rhode River is 1,236 acres, the average loading rate
from watershed runoff is only 0.020-0.028 tons dry
wt of organic matter/acre year. . :

" The primary production, supplemented with exog-
enous organic matter, drives a complex and very
productive food chain in the estuary. This food
chain has two other components important to the
dynamics—primary consumers and decomposers.
They assure efficient utilization of the energy stored
by the primary producers and the rapid recycling
and reuse of mineral nutrients (N and P). Another
important component, from man’s point of view, is
the secondary consumers.

First, let us consider the prlmary consumers, Theqe
consist of filter feeders of all sizes from ciliate proto-
zoans to shellfish. In terms of energy flow and re-
cycling, the most important of these are the smallest,
for their metabolic rates, which are related to the
ratio of the organism’s surface area to its weight,
are extremely high. Rhode River supports high popu-
lations of ciliate protozoans, rotifers, and shellfish.

Equally important, if high productivity is to be
maintained, are the. decomposers (predominantly
bacteria). A high correlation has been found in
Rhode River between phytoplankton populations
and bacterial populations. Animals can eat only
particulate organic matter, whether bacteria, phyto-
plankton, detritis, or other animals. They never
completely assimilate that food, but release large
proportions as dissolved organic matter. This dis-
solved organic matter can be utilized only by bac-
teria and thereby made into particulate matter
again. Thus, carbon is recycled continuously by the
phytoplankton, filter feeders, and bacteria.

Mineral nutrients are also rapidly recycled. In
the case of phosphorus, the bacteria are responsible
for over 95 percent of the phosphate uptake in
Rhode River (Correll, Faust and Severn, 1973). These
bacteria are attached to aggregated suspended par-
ticulates (Correll, Faust and Severn, 1973). Total
phosphate uptake rates in Rhode River average
about 1.2 tons of P/acre year. However, since most
of this phosphorus is reeycled repeatedly, it is not
removed from the system at this rate. Apparently
all the phosphorus which comes into Rhode River,
from a variety of sources, eventually moves on out
into Chesapeake Bay proper. This phosphorus move-
ment probably occurs partly as infrequent pulses
(Correll, 1974) rather than at a steady rate.

Phosphorus loading of Rhode River from land
runoff in tons/year was estimated to be 0.67 from
cultivated crops, 0.22 from natural areas, and 1.4
from residential areas. On the other hand, it was
estimated that 0.46 tons P/year were trapped in
wet areas- and 0.36 tons P/year were trapped in
grasslands. This phosphorus would otherwise have
reached the estuary. The total loading from land
runoff was about 1.5 tons of P/year. The direct
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Tahle 4.—Nutrient sources for the Rhode River [

‘Organic matter Phosphorus’ . Nitrogen
Source (tons dry wt/ (tons P/year) (tons N/year)
acrefyear)

Uplands... ... 0.020-0.028 | . oW AR & )]
Cropland. ......-- . , . 0670 L +2.2
‘Wet’ areas. - doeomcmeoannd —0.46| ’ -1.3
‘Natural'. . e +0.22 +0.50
Pasture_.. —0.36| . +0.36
Residential .o oo d e ] +1.4 +1.5

CRainfall Lo il +40.25 +4.1
. Phytoplankton. . _...._ : - 9.24 ... . -

Mud flats.. ..o oo fow. . 0 ) 0

Tidal marshes....____] low 0 fow

Chesapeake Bay._......| 0 Tow high

loading of the estuary from rainfall was about 0.25
tons P/year. Therefore, the total annual phosphorus
input to Rhode River is estimated to be on the order
of 1.7-1.8 tons. These sources are summarized in
Table 4. A pulsed release of ong ton need occur
only very infrequently to be important. A slow con-
tinuous release of phosphorus into Chesapeake Bay
also oceurs normally due to the exchange of water
. masses along a phosphorus concentration gradient
(Table 3).

Nitrogen loading of Rhode Rlver from land runoff
in tons/year was estimated to be 2.2 from cultivated
~ cropland, 0.90 from natural areas, 0.36 from pasture-
lands, and 1.5 from residential areas. Wet areas
are estimated to have removed 1.3 tons of nitrogen,
which otherwise would have reached the estuary.

Thus, the total loading from land runoff was about -

8.7, tons nitrogen/year. The direct loading of the
estuary from rainfall was about 4.1 tons of nitrogen/
year. These loadings are summarized in Table 4. In

" addition, some.loading occurred in winter and spring

thro'ugh' exchanges of water masses from the bay
with a higher nitrate content (Table 3). Without

~ this input from the bay, mtrogen loading would have
been only 7.8 tons.

Biota reqmre 10 times as much mtrogen as phos-
phorus for maximum growth, according to generally
accepted (gstnnates The ratio of nitrogen to phospho-
. rus loading in Rhpde River, excluding bay exchange,
"is only about 4.5, mdmatmg a short fall of 9 or 10
" tons of nitrogen per year or an excess of about one
_ton of phosphorus. However, bay water with a high

nitrate content contributes the needed nitrogen, and
plankton blooms typically peak in the middle of
Rhode River where the phosphorus to nitrogen ratio
is optimum. The times and locations of this occur-

- rence vary due to a nuinber of factors, including

. rainfall and the rate of change'in the bay s salinity.

In Table '3, nutrient gradlent data, which illus-

"t‘raﬁe'thes‘e pmnmples are presénted for two days.

On April 17 a combination of rapid exchange of high
nitrate bay water and local watershed runoff had
created a nitrate gradient with a minimum at station
10, while total phosphorus showed the normal .de-
crease toward the bay. The weight ratios for nitrogen
to phosphorus also increased from upstream to-down-
streamn and were well over 10 for most of Rhode
River. This resulted in a depletion of the pool of
available orthophosphate.

- On‘August 9, the bay water was no longer hlgh
in nitrate. Total phesphorus levels had increased in
Rhode River (normal for summertime), but were
still decreasing toward the bay. Although nitrate
levels were now very low, available-orthophosphate
levels had inereased due to lowered demand. Ratios
of nitrogen to phosphorus were now less than 10
throughout Rhode River. The presence of a zone
with an optimum ratio of nitrogen to phosphorus

" is at least one explanation for the fact that produe-

tivity is eurrently higher in Rhode River much of
the year than in the main spine of Chesapeake Bay.

Is the Rhode River a reasonably closed system,
using most of its primary productivity internally to

- produce primary and secondary consumers, or does

it export substantial amounts of primary productiv-
ity to the open bay? Several approaches have been
followed in answering this interesting question. One
utilizes the diurnal change in dissolved oxygen to
meéasure overall community metabolism. An excess
of photosynthetic oxygén production over respira-
tory oxygen consumption would indicate the system

t produces more than it consumes.. -
'+ The results for 1973 (Table 5) indicate'that sec-

tion 2 of Rhode River, in which blooms often occur,
did prodice about 10 percent more than it utilized.
The other portions of Rhode River seemed to be a
nearly balanced, or closed, system. This data also
indicated a net community production for the main
portion of the estuary of about 6 tons dry wt/acre
year. Since this includes heterotrophic daytime res-
piration, it is in good agreemefit with the 9.2 ton

estimate of net phytoplankton production.

A second method of examining productivity is to

Table 5 ‘“Rhode River productivity as me:.sured by open-water oxygen
metaholism in 1973

Rhode River Daytime net Nighttime Difference

segment productivity respiration available

s (tons dry |- (tons dry ~ for export

wt/acre year) wt/acre year) (tons dry

. - wtfacre year)
:4 ) .

- ‘: Sl T 4.43 : 4.22 +0.21
5= 2 6.62} v 6.08 +0.53
Ea | 3] 8.0l . 6.33 ~0.32
8 S 3.65 y 0 3.86 —0.21
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“measure the- ratio of net: photosynthetic " carbon
i uptake to total community phosphorus uptake. This
sratiois called the autotrophy index (atoms inorganic

-—¢arbon reduced per atom phosphorus assimilated).

-1t  should. be about 100 for a population consisting

- entirely of primary producers and 0 for a population
consisting of consumers and decomposers only. This
ratio had an annual average of 68 for the Rhode
River plankton community, eompared to an annual
average of 25 for mud flat periphyton on artificial
substrates (Correll, 1973) indicating a greater pro-
‘portion of autotrophy in the plankton. Under the
conditions prevalent in Rhode River the productiv-
ity is normally dominated by nannophytoplankton
(algae in the 5 to 10 pm size range) (Correll, 1973).
In the summer and fall, however, dense localized
dinoflagellate blooms often occur. These organisms
are not utilized efficiently as food by filter feeders
and are commonly associated with massive fish kills.
These blooms are closely correlated with high bac-
terial populations and high levels of organic phos-

- phorus in the water. The mechanism of the fish kills
is not clear. No clear proof of toxins has been démon-
strated. Low dissolved oxygen levels in bottom
waters at night are also associated with the blooms.
The actual causal relationships of these many factors
are still not known.

The survival characteristics of coliform-bacteria
in Rhode River have been studied. In the spring
and early summer, when land runoff is occurring, a
strong correlation exists between fecal coliform con-
centrations throughout Rhode River and the factors

for dilution of Muddy Creek water by bay water in

. the various sections of Rhode River (r = 0.95 to
1.00). The correlation is much lower for total coli-

form data (r = 0.5 to 0.6). Since Muddy Creek

drains most of the watershed, there is a clear indica-
tion that the bacteria which give positive fecal
coliform assays originate from . the- watershed at
those times. Conversely, many of the bacteria as-
sayed as total coliforms did not originate from the
watershed. Survival experiments indicated that high
water temperatures and high salinity decreased the
survival times of Escherichia coli while the pres-
ence of suspended Montmorillonite increased their
survival.’

A search for pathogenic bagteria in Rhode River
revealed the presence of fecal Strepiococes at average
levels of 225, 130, and 1,050 per 100 ml of surface

. water at the mouth, center, and upper end of the
river, respectively (Correll, 1973). The numbers
present per 10g bottom sediment were usually over
2,400. Clostridium bolulinum was present in’ the
bottom sediments in three cases out of 24. No
Salmonelle were found. Vibrio parahaemolyticus-like
organisms were abundanf in the water column and

sediments except in the winter. These results provide
a factual basis for concern over the effects of patho-
gens on shellfish harvested in' Rhode River.

EVALUATION OF PREVIOUS
RESEARCH PROGRAM AT RHODE RIVER

The research program at Rhode River has been
based on three basic assumptions: (1) An estuarine
study must include investigations of the interaction
of the aquatie syster with its watershed and airshed
if the system is to be understood or intelligently
managed. Once pollutants have been introduced
into the tidal waters, not much can be done. Unless
we find the sources and magnitudes of these pollut-
ants we cannot attempt to control them. (2) An
estuarine research program must include contribu-
tions of information from many seientific d1s01p11nes
if an overall understanding of the estuary is to
emerge. (3) This information must be digested, and
the conclusions must be made available to a broad
spectrum of people. Otherwise, the problems of
managing the estuary will not be alleviated. The
scientific community, management people at each
level of government, citizens’ organizations con-
cerned with the environment, and the general public
must have access to these conclusions. '

The three programs of the Chesapeake Bay Center
for Environmental Studies are responsive to these
assumiptions. The research program focuses on the
Rhode River, its watershed, and its airshed. An
information transfer program is underway to relay
results of the research to managers and other poten-
tial users. The Center’s education program is also

* designed to inform the public about the functioding

of the Rhode River ecosystem. In addition, the
Center’s membership in the Chesapeake Resedrch
Consortium helps to insure that its efforts will be
coordinated with those of other research facilities
concerned with the bay.

So far, I have stressed the 'positive s1de of our
past effort We have also encountered many prob-
lems. We have accepted the necessity for maintain-
mg an interdisciplinary, mterorga,mzaulonal program
in which data is gathered in a well planned, spatially
and temporally coincident manner. This has been
very difficult to achieve, but we have made progress
towards this goal. We also have realized the need to

~ demonstrate the applicability of the findings at

Rhode River to other estuaries and their watersheds
and airsheds. Some progress has been made in this
direction. For example, a one-year study is now
underway which compares the Rhode River with
the South River, a larger subestuary of the Chesa~
peake Bay. We have realized the need to test how
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much stress different sections of the sstuary can
absorb without serious deliterious modification. Al-
though some work has been done along these lines,
more is needed. Finally, we have encountered severe
problems in funding such an ambitious research
program. So far, sufficient funds have been found
to maintain a viable, but not optimum, program.

Overall, the program has just begun to produce
the type of results it was initiated to produce—
information which could not have been obtained by
individual scientists working alone or in groups on
a short-term basis or by studies of only one zompo-
nent of an estuarine ecosystem.

RESULTS WHICH APPLY DIRECTLY
TO ESTUARINE MANAGEMENT

Although preliminary, the area loading rates in
this report from the airshed and watershed to the
Rhode River are available to serve as a powerful
tool for management (Tables 1 and 2). They provide
an overview of total nutrient and sediment loading
on & seasonal basis from rainfall and five types of
land use. The effects, with respect to total loadings,
of land use changes resulting from development can
now be predicted more accurately. The effects on
the estuary of a shift from the sewage disposal
methods currently used to methods involving appli-
cation of sewage to land can also be predicted
(Correll and Miklas, 1974). On the basis of our
research, the use of tidal marshes for spray irrigation
of sanitary waste waters does not seem advisable
(Bender and Correll, 1974). .

The productivity of an estuary has been quanti-
fied and compared with the relative amounts of
biologically useful enerizy it receives from land ryn-
off, mud flats, and tidal marshes (Table 4). The
role played by nutrients in the very high biological
productivity of Rhode River has been outlined
(Table 5). Any management decisions concerning
nutrient sources or the modification of tidal marshes
or mud flats can therefore be discussed in a quantita-
tive manner on a per acre basis with respect to
these parameters.

FUTURE TRENDS AND NEEDS
IN RESEARCH AT RHODE RIVER

Because of the need to generate data more directly
useful to a growing number of scientists and more
easily adaptable to systems analysis and model eon-
struetion, the research at Rhode River will probably
become progressively more programinatic. The par-
ticipants already are becoming thoroughly aware of

the complexity of the system and of the limited
usefulness of isolated data. C
In general, more research is needed on the cycling
of nitrogen, the role of toxins in the system, and the
dynamics of the primary and secondary consumers.

RECOMMENDATIONS
FOR IMPROVEMENT OF
THE ESTUARINE ENVIRONMENT

A systems analysis approach to the management
of the overall ecosystem is necessary. We need to
be able to predict the impact of overall nutrient,
sediment, pathdgen and toxin loading from all
sources upon various sections of and types of estu-
aries. These waters have to be characterized with
respect to their salinity regimens, flushing rates,
and depths. The impacts will be ealculated in terms
of effects upon biological productivity, balance of
oxygen production and utilization, presence or ab-
sence of noxious species (such as pathogens, dino-
flagellates and blue-green algae, jellyfish, and asiatic
milfoil). We need to determine the acreage and
types of mud flat and tidal marshes which should
be preserved as spawning and nursery grounds for
fisheries. We need to be able to predict the effect
that these areas exert upon estuarine water quality
through their function as biological filters. Not until
we can do these things can we make intelligent,
maximum use of our estuaries.
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CHARACTERIZATION

OF THE NATURAL ESTUARY
IN TERMS OF ENERGY FLOW
AND POLLUTION IMPACT
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ABSTRACT

An estuary is a complex ecosystem which is subjected to a2 wide range of environmental fluctua-
tion in “normal” parameters, such as salinity, temperature, and rhythmical tidal action. In
today’s world more and more estuaries are being assaulted by man-induced factors, Many factors
make estuaries an important biological and economic resource, but perbaps the most important
of all is the amount of energy in these systems. In order for man to manage this habitat for the
greatest benefit to man and the earth’s ecosystem, a thorough understanding of the energy budget
of estuaries is vital. Society has learned the necessity of “dollar” budget planning; it must now
recognize the need and applicability for developing energy budget models of ecosystems for
purposes of planning and management decisionmaking.

Attempts have been made to develop these models for a few estuaries, but because of their com-
plexity and relatively high cost, these studies are only in their early developmental stages.

Comparative models must be developed for characteristic types of estuaries to assess their essen-
tial common and distinctive features. This will enhance the ability of man to predict the effects
of a proposed environmental change in other estuaries without the need for excessively costly
environmental impact investigations.

The computer and modeling techniques and the scientific-socio-economic expertise exist to
initiate comprehensive studies. What is needed is recognition and continuing support to develop

this potentially powerful scientific tool for predictive and management purposes.

INTRODUCTION

Our earth is a dynamic, complex, interacting
system of plants and animals living together in a
non-living, physical-chemical environment. Like all
dynamic systems—whether it be a factory, a city,
or a living organism—planet earth needs energy to
survive and maintain itself. The basic input of energy
is from the sun, and this energy is used by plants to
photosynthetically produce organic material (food).
This production of organic material forms the
primary food source for all life. Thus, a knowledge
of how the environment influences both food produe-
tion and the utilization of food and energy by all
living organisms is fundamental to human society.

One geographically small, but extremely important
ecological segment of our earth, is the estuary. An
estuary is a discrete ecological habitat where sea
water rhythmically ebbs and flows within a semi-
enclosed coastal body of water. A variable amount of
fresh water derived from land drainage enters
estuaries; some have relatively little freshwater run-
off, while others receive tremendous quantities of
fresh water from large river systems. This fresh

water may dramatically reduce the salinity of sea-
water and influence numerous other ecological
factors. Hence, the estuary may represent a rela-
tively unstable, dynamic environment.

Great diversity in kinds and shapes of estuaries
has been reported in the scientific literature (Lauff,
1967; Odum et al., 1974). However, estuaries
typically have certain characteristics in common.
Briefly, the principal similarities are: 1) tidal
fluctuation, 2) salinity changes, 3) high concentra-
tions of nutrients, and 4) a decrease in numbers of
marine species as salinity is decreased. In general,
organisms inhabiting estuaries are adapted to live
in a dynamic habitat where salinity, temperature,
oxygen, and other environmental factors change
markedly with time (Remane and Schlieper, 1971;
Vernberg and-Vernberg, 1972). Although not typical
of all estuaries, most have human population centers
agsociated with them. These strategic regions rep-
resent an excellent commercial site because they
offer a safe harbor for ocean-going ships and a
terminal for river traffic as well as being a highly
desired recreational area.

Despite the basic similarities common to all

s
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estuaries, it is necessary to realize that each estuary
has its own specific characteristics. These differences
between estuaries may be quantitative, such as the
amount of freshwater runoff, the amount of wetlands
bordering the estuarine waters, and length and width
of estuaries. Qualitative differences also exist. For
example, some estuaries are bordered by rocky
shores, others by salt marshes. Differences in
physical-chemical-geological characteristics have a
pronounced effect on the kinds and number of
organisms living in estuaries. As an illustration, a
fow salinity estuary will typically have fewer marine
species than a high salinity estuary. Since pollutants
may affect brackish water organisms differently
than marine species, water quality standards and
management procedures might be different in these
estuaries.

To understand estuaries and to be able to predict
the environmental impact of man on these critical
regions, similarities and differences must be care-
fully considered. The view that “if you’ve studied
one estuary yow've studied them all” is dangerous
scientifically and is unfounded from a management
and legislative viewpoint. Pollution eontrol regula-
tions must be based on a sound scientific basis in-
corporating knowledge of similarities and dis-
similarities between estuaries.

ECOSYSTEMS

In reecent years, sharp public focus on environ-
mental problems has popularized the long held view
of ecologists that the environment is extremely
complex and difficult to study on a short-term
“‘crisis-by-crisis’ basis. However, rather than being
overwhelmed by the eomplexity of natural ecological
systems, ecologists have proposed the somewhat
simplified coneept of the ecosystem which can be
studied by systems analysis techniques and modeling
procedures. R

Various definitions of an ecosystem exist, but all
include the concept that certain plants and animals
regularly interact as a unit called a community and
that this community exists in an abiotic (non-living)
environment. Together the biotic community and the
abiotic factors constitute an ecosystem which has a
specific characteristic structure (anatomy) and func-
tion (physioclogy). The structural anatomy of an
ecosystem is based on such features as the kind and
number of species present at different times of the
year. In contrast, the functional characteristics
include the rate at which the ecosystem functions,
such as food production levels and energy flow rates
to various ecosystem components.

Our planet is an example of an ecosystem. But,

for greater ease of study, this large ecosystem is
subdivided into subunits by establishing artificial,
but well-defined, boundaries. However, we must
remember these subunits interact with each other
and do not exist alone. Even by creating these
discrete subunits, analysis is still complex, and to be
studied properly s multidisciplinary team of scien-
tists and sophisticated computer technology must be
involved. Although the general aspects of ecosystems
are fairly well understood, the important step of
developing refined models for various kinds of
ecosystems having predictive and management ca-
pabilities is not yet a reality. A generalized scheme
of an ecosystem is graphically represented in Figure
1. ‘
The essential feature of an ecosystem is the
presence of organisms that are responsible for the
production of organic compounds by photosynthetic
activity using energy derived from the sun. This
process produces most of the food (energy) neces-
sary to support the other biological components of
the ecosystem and is called primary production.
In addition, some bacteria (chemotrophs) can pro-
duce complex organic compounds from simple in-
organic matter in the absence of sunlight. Herbivores
eat primary producers and energy is derived in this
manuner to sustain the herbivore. In turn, some of
this energy is incorporated into organic matter which
is available to carnivores who feed on herbivores.
The production of organic matter by herbivores is
called secondary production. In turn, carnivores may
be devoured by other carnivores, which represent
still another level of organic produetion and exchange
of energy. Parasites extract their required energy
from organisms at every level of production.
Scavengers feed on food scraps wherever available,
while other organisms are responsible for the de-
composition of dead biological material. Decom-
position products may serve as nutrients for many
different types of organisms including primary
producers. In estuaries, one of the important food
sources is detritus, the debris resulting from the
breakdown of biological material which represents
potential energy for econsumer species. Organisms
feeding on detritus are called detritivores. ‘
All of these biological activities take place in a
complex non-living environment which has a pro-
found influence on plants and animals. For example,
temperature affects most physiological functions.
Extremely high or low temperatures may kill an
organism, while non-lethal temperatures may in-
fluence the rate of photosynthesis or the reproductive
cycle. In brief, the ecosystem represents a complex
interacting system which is dependent on an external
source of energy from the sun and whose functional
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Freure 1.—Generalized scheme of an ecosystem. Arrows represent directional flow of nutrients and/or energy (Vernberg and
. Vernberg, 1970).

activities tend to be cyclic in nature, involving
biological, chemical, geological, and physical features.

For an ecosystem to exist and to function, energy
is required. An important aspect of studying natural
estuarine ecosystems is to determine the input of
energy into the system and where and how this
energy is transported to and used by the various
components of the system. H. T. Odum (1967) has
proposed a system of graphically representing the
flow of energy by using specific symbols, while other
workers use different methods (specific examples
presented later). An accounting of the energy within
an ecosystem is called an energy budget and reflects
input and output of energy from the entire system
as well ag partitioning of energy within the various
components of the ecosystem. Energy may be
expressed in various units, such as kilogram-calorie
(Keal), BTU, or grams of carbon, but all are inter-
convertible. ‘ ‘

To analyze complex systems, scientists develop

conceptual models which can graphically illustrate

the system in simpler terms. Such a model, the
“universal’”’ model of ecological energy flow, was
suggested by E. P. Odum (1968) (Fig. 2). This
model can be used whether analyzing the energetics
of an ecosystem or that of an individual organism.
Energy flow from one organism to another is rep-
resented in Figure 2 by coupling two units of the
model. Because of energy loss due to such functions
as egestion, respiration, reproduction, and excretion,
the first unit is larger than the second. This relation-
ship is of importance and illustrates the obvious
fact that the amount of primary production of energy
will determine the ultimate size of the ecosystem.
Energy: input (I) is either assimilated (A) or
returned to the environment and not used (NU).
Assimilated energy is used for respiration (R) or
production (P) of new organic matter. Respiration
results in a loss of energy from the system. Produc-
tion energy may be used for growth (G), stored (S)




32 EstuariNg Porrurion CoNTROL

Figure 2.—A “universal” model of energy flow through
biological systems (from Odum, 1968).

as a reserve for future use, excreted (E) as wastes
of metabolism, or energy as used to search out new
energy sources. .

A basic similarity between economic systems and
ecosystems can be readily observed. Economists use
some monetary unit, i.e., dollars, francs, or peso,
as the source which drives their system, whereas the
basic ecosystem unit used by the ecologist is energy.
To understand economic systems, the input and
distribution of money is analyzed, and the ecologist
studies the input and flow of energy through an
ecosystem. One obvious difference between the two
systems is that an economic system is a manmade
entity which depends on a monetary. unit which
may be changed; in contrast, the energy required to
drive an ecosystem is derlved from an outside source,
the sun, and is not & renewable resource.

Three main types of energy input are important
in estuaries: 1) light, 2) organic compounds, and
3) mechanical energy (Odum et al., 1974).

Light energy from the sun is of paramount im-~
portance in the production of organic compounds
by plant photosynthetic activity (primary produc-
tion). Phytoplankton (small green plants living
in the water), attached large and small algae, and
various species of flowering plants living underwater
and in marshes. and wetlands bordering estuarine.
waters are the principal primary producers Not all
of the orgame matter produced in an estuary is
retained ; some is exported to adjacent ecosystems.

Orgamc compounds are introduced into the
estuary by rivers, water runoff from adjacent land
areas, and from the sea. Some, of these compounds
promde energy for various groups of organisms. In

estuaries associated with human habitation, organic
materials resulting from man’s activities are.fre- .
quently added directly to the neighboring estuaries
through sewage or industrial discharges. These
organic materials represent an energy source for
some organisms, but are toxic to others.

The input of mechanical energy may result from.
various activities associated with winds, tides, and
waves. Tidal energy is a principal factor in deter-
mining the high degree of productivity of salt
marshes. Its turbulence aids in mixing and distrib-
uting nutrients. Thermal additives as a result of
man’s activities, such as heat from thermal nuclear
plants, represent still another source .of energy.

Energy export from estuaries results from a num-
ber of processes such as river flow, tidal circulation,
and sedimentation. Water exchange between the
ocean and the estuary or between the estuary and
freshwater streams may cause a net translocation of -
organic matter (energy) dissolved or suspended in
the water. Energy may flow from the estuarine-
wetland ecosystem to the surrounding terrestrial.
system by terrestrial organisms feeding in the
marshes. Man removes energy from estuaries when-
ever he takes oysters, shrimp, fish, or other
organisms. Also, migrating oceanic animals and
birds periodically invade estuaries to feed and thus
they utilize the estuarine energy reserves. An
estuarine energy flow study will analyze the dynamies
of where, how, how much, and how fast the energy
flows through the estuary-wetlands ecosystem. .

In recent years the ecologist has profitably adapted
the techniques of systems analysts to the study of
ecosystems (Watt, 1966, 1968; Patten, 1971).
Rapid strides in computer technology, cybernetics,
information theory, and mathematical modeling
have permitted a greater arsenal of tools to be avail~
able for analyzing complex segments of the earth,
such ag estuaries. Specific examples will be presented
demonstrating attempts to express the functional
qualities of estuaries in terms of energy flow models.
It should be noted that these studies are in the.
preliminary, embryonic stage of development. as is
the entire field of ecosystem analysis. Further,
experimental data will be presented which will serve
as a basis for predicting the possible impact of
environmental mampulatlon of energy flow in
estuaries,

Estuaries are important ecologmally and economic-
ally because of their naturally high level of energy
productivity. For example, estuaries serve as nursery
grounds for both migratory oceanic species, such as
shrlmp, blue crabs, and menhaden, and resident
commercially important animals, such as oysters and
clams. An important research problem which has
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great implications for environmental management is
the need to analyze the flow of energy through the
estuarine ecosystem. Once known, estuarine energy
flow patterns could be manipulated and managed
to permit their maximum utilization for man’s
activities and still prevent the destruction of an
estuary as a biologically productive ecosystem. Since
man is an integral part of this ecosystem, destruction
of ecosystems is not to his ultimate advantage.
Energy flow studies have another important func-
tion in that energy flow values could be converted
into monetary units so that an ecologic-economic
basis could exist for making environmental manage-
ment decisions rather than dependmg on pohtlcal or
emotional factors.

THE ESTUARINE—
MARSHLAND ECOSYSTEM

‘One of the first attempts to construct an energy
flow diagram for an estuarine-marsh ecosystemn was
that of Teal (1962) involving the marshes of Sapelo
Island, Ga. Based on the data of various in-
vestigators, Teal proposed the energy flow diagram
represented in Figure 3. During a year the input of
sun energy is 600,000 kecal/meter?. This energy was
estimated to be partitioned as follows. Most of the
energy (93.9 percent) was lost in photosynthetic
activity. The gross production was 6.1 percent, and
the net production was about 1.4 percent of the
incident light energy. Of the energy available to
secondary consumers, 55 percent was expended in
respiration, while 45 percent of net production was
exported to feed estuarine organisms. Since this
study was published more detailed energy budgets
have been published for various individual species
found in the estuarine-marsh ecosystem (Dame,
1972; Hughes, 1970).

Recently a detailed study of a New England salt
marsh by Nixon and Oviatt (1973) expanded Teal’s
work. The two studies differed in that Teal em-
phasized energy flow in the marsh, while Nixon and
Oviatt were concerned principally with energy fow
in marsh creeks and embayments. Since consump-
tion for the embayment exceeds production based
on a yearly energy budget, this aquatic system must
depend on input of energy in the form of organic
detritus from marsh grasses. Production values of
marsh grass were similar to those from New York,
but markedly lower than that of southern marshes.
This finding may reflect the substantial difference
in climatic conditions between these geographical
regions. Marked seasonal differences in energy flow
patterns of New England ecosystems were observed
and are graphically represented in Figure 4. The

flow of energy is much more complex and values are
higher during the summer than in the winter. Thus
pollutants introduced at different times of the year
might not only have a greater differential seasonal
effect on northern marshes, but northern marshes
might respond differently than those in more south-
ern regions.

To the south, the Newport Rlver estuarine
ecosystem is bemg studied by the Atlantic Estuarine
Fisheries Center, National Marine Fisheries Service,
Beaufort, N.C. Recently this group reported on the
interaction between the major plant producers and
the epifaunal and infaunal invertebrates and fish
populations comprising the eelgrass community, a
part of the estuarine system not discussed by Teal
or Nixon and Oviatt. Unlike the system studied by
Nixon and Oviatt, there appears to be excess food
energy for the consumers. Failure of the herbivores .
and detritivores to expand to the limits of their
food reserves suggests that the organisms may be
predator limited, fishes and shore birds being the
primary predators (Thayer, Adams and LaCroix,
1975). These authors suggest that the excess plant
production in the system is likely exported to the
adjoining estuary, thus providing food energy, in
the form of detritus, to that system. This ecosystem
research program also includes detrital cycles, mi-
crobial activity studies, export of materials from
grass beds, and trace metal studies,

An ecosystem study of a relatively undisturbed
estuary, the North Inlet Estuary, Georgetown, S.C.,
was initiated by the Belle W. Baruch Institute for
Marine Biology and Coastal Research, University
of South Carolina, with support from the Environ-
mental Protection Agency. Also, active studies are
continuing in Georgia (Wiegert et al., 1975).

The dynamics of energy flow expressed as carbon
in an estuarine-marsh ecosystem, Barataria Bay,
La., was described by Day et al. (1973). This study
differs from the ones described above in that it
deals in greater detail with all parts of the estuarine-
marsh complex. Like other marshes, energy was
available to be exported to the water, but unlike
the findings of Nixon and Oviatt, a net community
production in the water column was reported,

In brief summary, although estuarine-marsh
energy flow studies are relatively recent, some
initial progress bas been made in both understanding
the dynamiés of this fundamental phenomenon and
providing information for management decisions.

Since the above studies were done on systeros
without regard to pollution effect, little information
is available on the impact of man-introduced en-
vironmental alterations on energy flow per se in an
entire estuarine-marsh ecosystem. One example is
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Frgure 3.—FEnergy flow diagram for a Georgis salt marsh (modified from Teal, 1962).

given to emphasize how a pollutant (DDT) enters
an ecosystem. Woodwell et al. (1976) analyzed
DDT residues in estuarine organisms and found
both an increased concentration of DDT residues
as the size of the animal increased and a greater
concentration in higher earnivores than in those
at lower food (trophic) levels (Fig. 5). For example,
the amount of total residues in plankton was 0.04
ppr, while this value was 75 ppm in the ring-billed
gull. The gull is at or near the end of the food: chain.
Although the influence of DDT -on energetics was
not studied by Woodwell et al., effeéts of pesticides
on’ the flow. of energy are-suggested by studies
involving single species. DDT will reduce photo-
synthesis in a primary producer (algae) when few

cells-are in culture (Wurster, 1968) and reduce the
metabolism of the grass shrimp- (Sansbury, 1973).
These studies suggest that the estuarine energy flow
could be adversely influenced by DDT. However,
it is not known if the energeties of all organisms in
this ecosystem are influenced in the same manner.
Henece, generalizations based on a few species are
dangerous and probably incorrect.

POLLUTION STUDIES
AND-ENERGY FLOW

Any: environmental factorgwhich influences the
physiology of an organism willinfluence the flow of
energy within an ecosystem. Estuaries inherently
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are regions where fluctuations in natural environ-
mental] parameters occur but also they are regions
where man’s activities are acutely obvious, such as
dredging, thermal discharges, and organic”waste

.disposal. Ketchum (1967) has defined eénviron-

mental pollution as “any substance added to the
environment as a result of man’s activities which has
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Fraure 5.—An example of biological magnification of DDT
residues (based on data from Woodwell et al., 1967).

a measurable and generally detrimental effect upon
the environment.” In many instances, a substance
has an observable detrimental effect on the biota
such as when massive kills of organisms are observed;

-in other cases a substance might be detrimental to

one species but of energetic value to a second one.
Therefore, it is difficult to generalize on the influence
of a substance (or a factor) on the énergetics of an
entire ecosystem. This portion: of the report will
cite the results of a few studies to illustrate how
pollutants influence selected segments of the estu-
arine ecosystem.

Primary production is of prime significance to
estuarine energetics since the primary producers are
at the base of the food web. In estusries phytoplank-
ton are the main primary producers in the water,
while vascular plants predominate in marshes. It is
well known that fluctuation in natural environmental
factors will influence the metabolism of phytoplank-
ton, including the photosynthetic activity and the
population density. For example, if the light in-
tensity changes, some species will change the amount
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of photosynthetic enzymes in their cells while others
alter the amounts of pigments (Steeman Nielsen
and Jgrgensen, 1968). Also, in response to salinity
changes the internal osmotic concentration is higher
than that of the growth medium. As a result, the
range of salinity and the rate at which cell division
proceeds depends upon the metabolic rates as
affected by altered internal salt concentration
(Guillard, 1962). In both of these examples, the
energy production of phytoplankton can be altered.
Man-induced changes in estuaries ean profoundly
influence the phytoplankton and marine angio-
sperms. Dredging can increase suspended material
in the water with the result that light penetration is
reduced and the rate of photosynthesis is decreased
(Zingmark, 1973). Chemical pollutants can also
influence phytoplankton in that sublethal con-
centrations can inhibit metabolism. Also, “since
phytoplankton intensifies many substances to thou-
sands of times their concentrations in water, plankton
serve to pass pollutants to higher trophic levels
when consumed by herbivores. This effect may be
more ecologically deleterious than reduced photo-
synthesis (Walsh, 1972). Differential uptake and
sensitivity to copper in species of phytoplankton
has been demonstrated (Mandelli, 1969). Although
all the species tested were inhibited by copper, some
species concentrated copper to a greater degree than
others. Copper was more toxic than zine and mercury
in phytoplankton, but the toxicity of the latter two
heavy metals was increased when combined in
certain compounds used as pesticides (Ware and
Roan, 1970). The large plants associdted with
marshes or living submerged and attached in
estuaries are also known to be influenced by pollut-
ants, although specific effects are poorly known. For
example, the common marsh grass, Spartina, con-
centrates DDT in its roots, and when the plant dies
this toxicant is probably released as part of the
detritus based food web (Woodwell et al., 1967).
Environmental problems will arise if nuclear
power plants are sited on estuaries. Thermal dis-
charges probably pose the greatest problem, but
chlorine, heavy metals, and radionuclides also
accompany the waste in the effluent. Phytoplankton
cells respond to temperature by changing their rate
of cell division (Eppley, 1972). In general, with a
10 degree increase in temperature, the cell division
rate increases by a factor of two to three times
providing these temperatures are within the range
of temperatures favorable to growth. However,
elevated temperatures may be lethal or increase
productivity depending on the season of the year;
growth is adversely affected during summer months
but it is stimulated in the late fall and winter (Gurtz

and Weiss, 1972). Phytoplankton passing through
the condenser coil of a generator plant are faced
with thermal stress, mechanical damage by impellers
of pumps, and chlorination of the coolant water.
Chlorination reduces survival and productivity of
all algae, and, if the condenser water temperature
exceeds 14.5°C~16°C of the incurrent water, photo-
synthesis is reduced (see review of Rice and Fer—
guson, 1975).

Radioactive substances are rapidly concentrated
by the phytoplankton and the attached seaweeds and
are easily passed on to herbivores. Baptist and Lewis
(1969), when measuring the transfer of %Zn and
and #Cr through a four-step food chain, found
radionuelides readily transferred to the highest
trophic level, but the levels of concentration gen-
erally declined up the food chain.

In ‘addition to primary producers, consumer
organisms are also influenced by pollutants. When
young oysters, which are filter feeders, consumed
zooplankton exposed to a mixture of DDT, toxo-
phene, and parathion, they exhibited a greatly
reduced growth rate and a high incidence of path-
ological changes (Lowe et al., 1971). Another filter
feeder, the clam, Mercenaria mercenaria, showed
abnormal metabolism when exposed to methoxychlor
and malathion (Eisler and Weinstein, 1967).
Fiddler erabs ate detritus containing DDT for 11
days without any overt damage. But five days later
all had lost muscular coordination which for all
ecological purposes is a sign of death (Odum et al.,
1969). Although carnivores are also influenced by
pesticides, sensitivity varies greatly with the species
(Butler,-1971). -

The effects of organophosphorous compounds in
combination with thermal stress are just the opposite
to those of the chlorinated hydrocarbons, for survival
is increased with decreasing temperature. There also
seems to be a wide range of relative toxicity of the
two types of pesticides in marine organisms; teleosts
are less resistant to chlorinated hydrocarbons than
molluscs, and about equal in sensitivity to decapod
crustaceans. Crustacea, however, are highly sus-
ceptible to organophosphorous compounds; molluscs
relatively resistant; and teleosts are intermediate
between these two groups (Eisler, 1970).

Heavy metals, such as cadmium and mercury,
also influence the survival and energy budgets of
estuarine animals. Studies on the fiddler crab will
illustrate this point. Mercury caused the respiration
rate of adult and larval stages to decrease from the
normal depending on temperature and salinity.
In contrast, cadmium markedly increased the meta-
bolic rate of larvae. That animals do not respond
similarly to different heavy metals is further ob-

e b




ESsTUARINE SYSTEMS 37

served in that mercury is most toxic at low tempera-
ture and low salinity while cadmium is most toxic
at high temperature and low salinity (Vernberg
et al., 1974).

The possibility of oil pollution is ever present.
Widespread death of estuarine and marine organisms
after oil spills has been well documented in the sci-
entific literature, but the physiological effects of
sublethal concentrations of the various oil derivatives
are poorly known. However, one study by Anderson
et al. (1974) demonstrated that the respiratory
response of several estuarine species was different
when exposed to several concentrations of oil-water
mixtures. These findings suggest that the energy
flow patterns of estuarine communities would be
differentially disturbed by oil spills or chronic low
level leaks. 4

Various field studies have been conducted in-
volving pollution effects on estuarine communities.
Some were done as an aftermath of a serious accident,
such as an oil spill, while others were done before
and after construction of an industrial factory or
power plant. Typically, serious spills cause wide-
spread mortality which would obviously curtail
the pattern of energy flow.

Most environmental management plans do not
involve consideration of ecosystem energetics. How-
ever, one example will demonstrate a preliminary
attenipt at how management decisions involving
an estuarine and coastal ecosystem can be based
on energy flow considerations.

Currently a management plan for development
and channelization of the Atchafalaya Basin of
Louisiana is under study. This plan involves estu-
aries and wetlands. Young et al. (1974) contributed
to this project by using models of energy relation-
ships on a regional and ecosystem basis to consider
management alternatives. The plan with the largest
energy flow values would be considered to be the
greatest contributor to economic vitality.

Estimates of the existing annual energy flow pat-
terns were made and the influence of three different
management plans on energy flow was projected.
These different plans were grouped as follows:.1)
distribution of water and sediments widely filling the
present basin and then going further by planned
diversions or by accidental overflows; 2) central
channelization which would shunt much of the water
and sediment directly to an estuary which would
result in delta formation and filling in of low wet
areas to the south; and 3) a rotation plan of filling
one basin, such as the Atchafalaya, until levee costs
are high and then shifting to another basin for a
period of time. ,

Their approach pointed out the need for more

critical data, but based on available information,
a preliminary analysis was proposed. Of the three
proposed management plans for this area, the one
which would distribute water more widely would be
of the greatest energetic value to human society.
The principal reason for this conclusion is that
man’s economy (based on conversion of the ecol-
ogist’s energy unit to the economist’s dollar unit) will
be maximized when it fits itself into natural energy
systems. Thus purchased fuels will add value rather
than wusing massive expenditures of ecapital to
counteract natural system energies.

SUMMARY

The estuarine-marsh habitat is extremely impor-
tant to the environniental and economic health of
the coastal region and the sea. Man, who is an
integral part of this habitat, has dramatically
manipulated estuaries without having an extensive
scientific basis for his actions and sometimes with
serious consequences.

To understand the nature of the estuarine ecosys-
tem and to form a more rational basis for manage-
ment decisions, ecologists have initiated multi-
disciplinary studies on the energy flow patterns,
for no system can function and be biologically
productive without energy. An analysis of the input,
distribution, rate of transfer, and output of energy
is necessary to develop sound management proce-
dures. Based on this information alternative en-
vironmental manipulative procedures can benefit
from receiving scientific input rather than relying
entirely on emotional, economic and/or political
considerations,

Production of food and the influence of pollutants
in estuarine and marine waters is interrelated with
energy flow studies. For example, an understanding
of energy flow patterns is necessary if we are to be
able to divert emergy into maraculture activities
without destroying this fragile coastal zone environ-
ment. It is also of vital concern to know the possible
effeets of pollutants on energy flow, since each level
of energy input may be affected differently by any
one pollutant. »

Energy flow studies in conjunction with other
investigations provide a better basis to equate a
unit of ecological energy to an economic unit,
such as dollars. If this is done realistically, then a
clear cost-benefit analysis of a proposed . environ-
mental alteration emerges.-

This paper discusses the general concepts pertain—
ing to energy flow within an ecosystem and reviews
various energy flow models of ,estuaries. Further,
specific studies are cited to illustrate how pollutants
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affect various estuarine-marsh organisms and alter
energy flow patterns. Certain generalities need re-
emphasizing in this summary. Pollutants represent
many types of physical, chemical, and biological
factors. Each pollutant may differentially influence
the energetics of the myriad of plant and animal
species associated with the estuary. A pollutant may
significantly inhibit the metabolism of an important
estuarine species thereby dramatically altering the
“normal” energy flow pattern, while other species
may be metabolically stimulated or umaffected.
Therefore, we are unfortunately in the position of
needing to examine the effects of each pollutant on
numerous species. If this pollutant inhibits organisms

representing a lower trophic level, the amount of

energy available to the remaining organisms will be
greatly curtailed, resulting in a low level of
productivity.

It is conceivable that if energetic pathways were
better understood, it would be possible to control the
level and type of productivity by using selective
pollutants to block certain pathways. It .is also
possible to divert energy along a different pathway
leading to increased productivity of ecosystem seg-
ments that man wants to manage. This application
of energy flow mechanisms eould aid in aquaculture
practices or hastening the ecological recovery of
environmentally disturbed ecosystems. '

We need to develop better predictive capabilities
to assess the potential effect of any environmental
additives not only on important species, but also on
the complete ecosystem. Two approaches are
recommended :

1) Comparative studies on energy flow patterns
in disturbed and relatively undisturbed estuarine
ecosystems. An intensive research program dealing
with this subject has been started and should con-
tinue to be funded. The goal of this research would
be to develop the predictive capability, based on
studies of various estuarine types, to assist in en-
vironmental management decisions.

2) Microecosystem systems—the goal of this
research approach is to develop the scientific base
and technology to create small scale replicas of
larger ecosystems so that the effects of manipulative
activities can be studied without possibly damaging
an entire estuary. This would not only preserve
valuable habitats but also would provide a relatively
inexpensive experimental approach to assess the
possible effeects of a number of environmental
alternatives.

Ecosystem studies are relatively new to science
and results to date suggest that they could eonceiv-
ably provide valuable tools for management pro-

cedures involving estuaries. Continued support is
vital to assess and perfect this potentially powerful
seientific tool.
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ABSTRACT

Marshes and estuaries along our coastlines are among the most fertile and valuable land and
water areas in North America. These areas provide habitats for some of our most valuable wild-
life and fisheries resources, supplying livelihood, recreation, and aesthetic enjoyment for a multi-
tude of people. Wildlife usage of high quality estuarine areas is extensive. Wildlife management
is an attempt to rectify past habitat abuses and then, hopefully, to bring about a positive en-
hancement of the desired wildlife and their habitats. The wide variety of human activities which
pollute estuarine wildlife resources is discussed along with recent progress in estuarine wild-
life management programs. Finally, future trends and needs in estuarine wildlife management

are discussed.

INTRODUCTION

QOur estuaries, the zones of interplay between the
margins of the sea and the land are environments for
a remarkable assemblage of terrestrial and aquatic
life. The complex of estuaries includes extensive
bays, harbors, sounds, lagoons, and river mouths
that are constantly flopded, and adjacent areas such
as tidal flats and semi-upland marshes, salt and
brackish water flats, marshes, and mangrove swamps
which may be flooded only by the highest moon and
storm tides. Altogether they form an ecosystem—a
complex of different environments both aquatic
and terrestrial.

Marshes and estuaries along our coastlines are
among the most fertile and valuable land and water
areas in North America. These areas provide hab-
itats for wildlife and fisheries resources, supplying
livelihood, recreation, and aesthetic enjoyment for
a multitude of people. They serve as production
areas and nursery grounds for shrimp, oysters,
crabs and fish. They provide wintering areas for a
major portion of the continental waterfowl resource,
and they are extremely valuable for the production
of fur animals and many species of game and non-
game animals. The following discussion will be
concerned primarily with wildlife other than birds.
But one thought must be kept always in mind—there
is a connecting webbing of interactions between all
forms of wildlife ocecupying the same habitats.

‘While estuarine areas have always been important,
recent years have witnessed growing public attention

and deep concern in their behalf. It is a part of the
expanding conservation ethic of Americans who
want to retain their heritage of natural beauty,
scenic values and the environmental qualities that
support fish and wildlife resources. This attitude is
reflected in many plans and programs for conserva-
tion action—and among these, estuaries occupy a
prominent position.

WILDLIFE HABITATS
IN THE ESTUARINE ZONE

Wildlife usage of high quality estuarine areas is
extensive. Waterfowl and shore birds find these
areas essential for nesting, resting during migration,
wintering, and feeding. A wide variety of other
birds make extensive use of estuaries. These include
pelicans and cormorants, long-legged wading birds,
eagles and ospreys, cranes and rails, gulls and terns,
and some passerines. The aquatic furbearers in-
cluding muskrats, minks, nutrias, beavers and otters
are seldom far from wetlands. Raccoons use wetlands
heavily although they may range a considerable
distance from them. Other wild mammals including
deer, opossums, bobeats, foxes, weasels, skunks,
and many small mammals use estuarine habitats
extensively but are not restricted to them. Of the
large sea-going mammals, some, such as the manatee,
the dolphin (porpoise), and seals enter estuaries.

None of the frogs, toads, and salamanders is
truly marine, although the larvae of a few have been
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found in brackish pools, and adult toads and frogs
have been reported in estuaries. Among the reptiles,
the alligator is an important member of the estuarine
zone. Along the Atlantic and gulf coasts the most
typical turtle is probably the diamondback terrapin.

Of the some 130 fish and wildlife species considered
by the U.8. Fish and Wildlife as rare and endangered,
10 use an estuarine habitat extensively and most
would probably perish without it. These 10 species
are the Florida manatee, key deer, great white heron,
whooping crane, Eskimo curlew, Ipswich sparrow,
dusky seaside sparrow, Cape Sable sparrow brown
pelican, and the alligator.

From the standpoint of wildlife ha.bltats, the-

estuarine zone may be divided into nine types—
three of which are coastal freshwater types and six,
coastal saline water types. Following is a description

of each of the estuarine types. Table 1 gives the

types, brief description, and acreages of estuarine
areas along'our coasts. Table 2 lists the kinds of
wildlife using estuarine habitats reported by wildlife
agencies of our coastal states '

Coastal Fresh Areas -

SaarLow FrEsHE MARSHES

Soil always waterlogged during the growing
season; may be covered at high tide with. as much as
6 inches of water.

Located on the landward side of deep marshes
along tidal rivers, sounds and deltas. '

Vegetation of grasses, sedges, and other plants
such as phragmites, giant cutgrass, big cordgrass
maidencane, jointed spikerush, threesquares,’ saw-
grass, cattaﬂs arrowheads, smartweeds and arrow—
arum.

Mouch used by feeding ducks, geese, a',n'd‘lieron's"
very much by muskrats; some use by nutrla mmk
raceoons, woodcoek, and smpe '

Deer FrEsH MARSHES

Soil covered at. average hlgh tlde Wlth 1 / 2 to J feéﬁ
of water during the growmg season. o
Located along tidal rivers and bays, mainly on the

Atlantic and gulf coasts. »

Vegetatlon made up of such pla,nts as. cattails,
wild rice, pickerelweed, and spatterdock; pondweeds

and other submerged: plants, and surface mats of

water hyacinth, alligatorweed, and’ Waterlettuce‘

pro;rmnentmopenmgs e ;
Much used in fall and . Wmter by feedmg geese,
ducks, sora rails, and herons; and hy. fish, alligators,

Table 1.~Description and acreage of estuarine types in the conterminous

United States
Estuarine category and types Water depth* . . Total”
L acres
Coastal fresh areas =~ | . [
1. Coastal shallow fresh marshes__.| Up to 6 inches at high tide 2,213,000
2, Coastal deep fresh marshes..... | Up to 3 feet at high tide 1,631,000
3. Coastal open fresh water.__._.. Up to 10 feet; marshy border often
present . 197,000-
Coastal saline areas
4. Coastal salt flats. oo} May have few inches at high tide 423,000
5. Coastal salt meadows...........| May have few inches at high tide’ 956,000
6. Irreguiarly flooded salt marshes_| Few inches at wind tide 698,000
7. Regularly flooded salt marshes...| Up to 1 foot at high tide 1,576,000
8. Sounds and bays-...—c.oo_.. Up to 10 feet at high tide 1,114,000
9. Mangrove SWamps. -.oce-aen-d Up ta 2 feet 523,000

*Refers to average ¢dnditions during growing season.
Tahle 2.-—Usg of» estuarirle types by game arid‘fpr animal;

Number of states reparting use in estuarirre type

1021 3| &) 5] 6] 7]8]|¢9
Sm_gll game: _' e
SO T { I | R A 1| =1 =
B L Tt ¥ A I S
if = 2] = = = =] -
-] IS R [ ¥ [ B O A TS
Y O . 1] = =] =] -
1| 4 s 9of s 1w —| 1
2 = = = = ===
3| - 1 4 3l 3 = -
5| —| 3 a| 3| a4 3] -
R S Il I Al B Sl IR
‘ s
Big game: b i
Black-failed deer.___| 1| "1 =] if "2l =) 2" 2f -
White-tailed deer.__.; 6 5 - 1 11 A 2] v= =
Fur:a'riimals:' ‘ s
a4l 1 = a| = 2| 1] =
. U o~ = = === -
0] s = 1 8} 2V 1] -
B 18| 8] —=| 4| 4 -7 3. ~
6] 16| 1} i 1w| 5/ 1| 3| -
1 1 -~ =] 1 =] = -
4 = = = = 1 =] =] =~
13| 12)a10] | 5} —] .5l 1) -
170 12} 1| 2| uf & 1w 5 —
4l &) rf 1 | ] 1} 1| -
*-Weasel.... 2l 2] =1 == S =) =] =
Aligator.........| 3| 3| 1 < BV S

turtles, and bullfrogs some tse’ by muskrats mink,
andiraecoons ’

B 4, : 3

OI;EN Frziasn WATER
Water of vanable depth
Located in tidal rivers and sounds.

o /10
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“'Vegetation (mainly at depths under 6 feet, but
searce or absent in stained or turbid waters) of such
submerged plants as sago pondweed, redheadgrass,
naiads, wildcelery, coontail, watermilfoils, and musk-
grasses. In many localities along the gulf, water
hyacinth forms mats on the water surface.

Much used by feeding ducks and geese and other
water birds; and by fish, turtles, and bullfrogs.

Coastal Séliné_: Areas
SALT FLATS

Soil almost always waterlogged during the growing
season; sites varying from those submerged only by
occasmnal wind tides to others that are covered
fairly regularly with & few inches of ‘water at high
tide.

Located on' the landward side of or as islands or
basing within, salt meadows and salt marshes.

Vegetation (often sparse or patchy) mainly of
glassworts, seablite, saltgrass, Gulf cordgrass, salt-
flatgrass, saltwort, and seaside heliotrope.

Rarely used except when flooded, then used ex-
tensively by feeding ducks, geese, and shorebirds.

SarT MEADOWS

Soil always waterlogged during the growing
season ; rarely covered with tidewater.

Located on the landward side of salt marshes or
bordering open water.

Vegetation mainly of saltmeadow cordgrass salt-
grass, and fimbristylis; and in fresher parts, Olney
three-square and saltmarsh fleabane.

Used a little by various mammals and birds, in-
cluding geese.

IRREGULARLY FLOODED Sarr MARSHES

Soil covered by wind tides at irregular intervals
during the growing season.

Located along the shores of nearly enclosed bays,
sounds, and rivers, and along open water on the
eastern side of the Gulf.

Vegetation mainly of needlerush, saltmarsh. bul-
rush, dwarf spikerush, gulf spikerush, coast water-
hyssop, and dogtooth-grass; often with Wldgeongrass
in ponds.

Used very little ordinarily; but where broken by
ponds and creeks, sometimes used moderately by
feeding ducks and nesting clapper rails.

Recurarry FLOODED SALT MARSHES

Soil covered at average high tide with 1/2 foot or
more of water during the growing season.

Located along the open ocean in eastern Virginia,
southern South Carolina, Georgia, and eastern
Louisiana, and mostly along sounds elsewhere.

" Vegetation mainly of saltmarsh cordgrass. Open
water in the marsh may support widgeongrass or
sago pondweed.

Used very much by feedmg ducks and geese,
especially where vegetation-filled ponds are present;
much used by nesting clapper rails and laughing
gulls; also by feeding herons, mussels, snails, and
fiddler crabs; some use by fish and shorebirds.

Sounps AND Bays

Water of variable depth. Portions that are con-
sidered shallow enough to be diked and filled.

Located in saltwater rivers, sounds, and bays and,
to some extent on the open ocean front.

Vegetation (mainly at depths less than 6 feet) of
such plants as eelgrass (North Carolina northward),
widgeongrass, sago pondweed, muskgrasses, shoal-
grass, manateegrass, and turtlegrass.

Much used by oysters, clams, mussels, shrimp,
blue crab, fish and diamondback terrapins; and by
feeding ducks, geese, and some other birds.

MANGROVE SwAMPS

.Soil covered at average high tide with 1/2 to 2 feet
of water during the year-round growing season.

Located along the coast of the southern half of
Florida, but best developed on the west coast from
Cape Sable to Everglades City.
" Vegetation chiefly of red mangrove with some
black and white mangrove.

Used much by shellfish, fish, raccoons, and feeding
water birds.

PAST AND CURRENT
WILDLIFE MANAGEMENT PROBLEMS

"Our estuaries have always been areas undergoing
changes—sometimes rapidly and sometimes slowly
and ‘subtly. All these changes, whether occurring
naturally” or caused by human activities, affect
estuarine wildlife habitats. Those changes which
affect wildlife negatively may be termed pollutants
in that they contaminate or abuse wildlife habitats.
Essentially, wildlife ' management is an attempt to
rectify past abuses of the habitats and then, hope-
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fully, to bring about a positive enhancement of the
desired wildlife and their habitats.

Most wildlife species discussed in this section
occupy positions high on the food chains of estuarine
life. Most pollutants which indirectly affect wildlife
species by directly affecting groups of organisms
lower on the food chains (plankton, shrimp, crabs,
fish, et cetera) have been discussed in previous sec-
tions. Therefore, those pollutants will only be men-
tioned here, while problems directly associated with
the welfare of wildlife and their habitats will be
discussed in greater detail.

Natural Pollutants

Naturally oceurring changes in estuarine areas
include coastal area land subsidence, floods, droughts,
fires, and hurricanes and other high-intensity storms.
These changes may be good or bad from the stand-
point of their effects on wildlife habitats. The timing
of these events, and the plant and animal succes-
sional stages of the estuarine areas affected, largely
determine whether the changes will be good, detri-
mental, or even disastrous.

The effects of the timing of natural events on
estuarine wildlife habitats and populations are so
complex that space limitations here will not permit
an adequate discussion. It is usually not a single
environmental factor which governs the physiologi-
cal responses and population dynamics in an estuary,
but a combination of numerous factors counteract-
ing, supporting, and modifying each other’s physio-
logical effects. The effects of some natural changes
are discussed in various parts of the remainder of
this report.

It must be kept in mind that many changes in
estuarine areas are caused by both natural and
human activities taking place far from the estuaries,
that is, on estuarine watersheds. The variables of
size, climate, geology, and vegetation of these water-
sheds constitute an important, sometimes critical,

array of remote estuarine factors. They determine

the volume and chemical nature of fresh water, the
kinds and particle-size distribution of suspended
sediments, the quality and quantity of organic mat-
ter and living organisms discharged into the estu-
aries, and the seasonal abundance of these properties.

Pollution from Human Activities

An ever increasing range of human activities has,
15, and will affect the wildlife resources of our estu-
arine areas. All concerned and knowledgeable citizens
realize that our estuaries are areas of multiple values

and multiple uses. So it is that human activities to
increase certain values and uses may destroy or at
least decrease other values and uses. Our history
shows that wildlife values have usually decreased
markedly as a result of most of our engineering and
industrial activities. Until rather recently, wildlife
values received little more than lip service when new
activities were being planned for estuarine areas. It
is encouraging to note that now many activities are
required by various federal, state, and local laws to
consider wildlife resources before the necessary per-
mits are issued. It is also encouraging that many
human activities that damage or destroy wildlife
resources may, with proper planning and timing,
work toward the betterment of our valuable estua-
rine wildlife habitats.

The following brief discussion shows how a variety
of human activities has polluted our estuarine wild-
life resources. ’

Dredging: Dredging is a frequent and widespread
activity in the estuarine areas. It involves the cutting
of new channels, the removal of accumulated sedi-
ments from existing natural or artificial channels
and harbors, and the removal of material for beach
nourishment or other special purposes. Dredging has
also been used to create upland flood release channels
and to provide marsh drainage for mosquito control
purposes.

The principal ecological effects of dredging in
coastal waters are: ‘

1. Removal of the original interface between the
water and the bottom, which is frequently an area of
high biological activity. o

2. Creation of new deepwater areas which may
affect, either positively or negatively, animal and
plant populations.

3. Increased upstream intrusion of salt water and
the chemical, physical, and biological conditions
coincident with it.

4. Release of sediments, and of dissolved or ab-
sorbed chemicals, into the water.

The effects of dredging in estuarine areas can and
have been insidious. Dredging, although local as to
each operation, can become general as one poorly
planned operation after another changes completely
the face of an estuary. Compounding the situation
is the problem of alternatives. Inland there are more
sites for each land use than is typical for estuaries,
and choices are more abundant. In estuaries the
alternatives are fewer. Even today, after years of
concern, we find that estuaries have little protection
from physical destruction. This physical destruction
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of estuarine wildlife habitats by dredging and other

‘activities has significantly decreased our environ-

mental heritage. :

In summary, estuarine dredging always affects
wildlife habitats. The ecological effects may vary
from ephemeral and insignificant to permanent and
extremely important.

Dredging and filling go hand-in-hand. Dredging
creates a need to dispose of spoil, and filling demands
areas to be dredged. These activitiesrare carried out
in a variety of forms for a variety of purposes.

Filling: Channel dredging necessarily creates
spoil which must be disposed of. The three placement
methods generally in use (hopper dredges, pipelines
to distant sites, and spoil banks paralleling the chan—
nel) have dlfferent ecological effects.

Where hopper dredges are used to carry spoil to
dumping sites, the areas affected (by increasing
local turbidity, smothering bottom organisms, and
decreasing depth in-the dumping areas) are usually
so small in proportion to the total area available,
that the ecological damage may be trivial unless
toxic chemicals are involved. Continued use of such
spoil area may, however, change the morphology
and biological value of the area.

Pipeline disposal in marsh or shallow bay areas
away from the channel may replace food-producing
areas or nursery areas with dry land which is of little
or no use to aquatic life, however desirable it may be
for human habitation or industrial sites. Marshes
are 3 main source of food for estuarine animals, and
most juvenile fishes and crustaceans of coastal waters
must have shallow-water ‘‘nursery areas’, preferably
vegetated, in which to feed and hide from predators.

Spoil banks bordering the channel on one or both
sides may have far-reaching effects on estuarine
ecology. The most obvious effect is covering up any
bottom plants and animals that live in the immediate
vicinity of the channel. The economic loss may be
considerable if valuable shelifish beds are involved.
These effects are local and do not usually affect a
large proportion of the estuary. Also they may be
counterbalanced by beneficial effects, such as provid-
ing new areas for wildlife (where spoil banks are
above tide level):: However, more subtle results may
seriously disrupt entire bays, especially the shallow
estuaries and lagoons of the gulf coast. The depth of
these bays depends on wave action and currents
caused by wind. A line of spoil bands through the
middle of a bay has the effect of cutting the large
bay into two smaller bays, as far as wind fetch and
water circulation are.concerned. The end:result is
increased silting and shallowing of the entire. bay,
which increases water temperature and evaporation,

and thus affects all llfe in the bay, for the most part
adversely.

Levees and spillways: Construction of levees,
especially along the lower reaches of rivers flowing to
the seas, has a great influence upon the adjacent
estuarine environments. The direction, period, and
extent of freshwater flows are modified and changed
and so are the patterns of sediment deposition along
the coast.

The best example of the effects of levees in Amer-
ica is the Mississippi River, which has been leveed
increasingly since 1717 for flood control to improve
navigation. The hydraulic, geological, and engineer-
ing aspects of this development have been treated in
hundreds of reports and papers, but only a few people
have given attention to its vast biological impaets.

Fresh water and sediment have been shunted
directly to the main mouth of the river and not
spread out over a wide delta through several dis-
tributaries. As a result, Louisiana is now losing an
estimated 16 square miles of coast land a year, most
of it being marshland. Bays cut off from the river
sediment are deepening, and becoming saltier, with
vast local changes in biota.

The flood plain of the Mississippl River covers
some 35,000 square miles and about half of this has
been cut off from the river by levees, with great
changes which in general are damaging to wetlands
and wildlife. These changes and the general canaliza-
tion of the river have also had various effects on the
estuarine area of the lower flood plain, most of them
apparently harmful to wildlife.

In any case, the whole question of the handling
and control of the Mississippi River and other prob-
lem river systems must be reexamined in the light of
the inereasingly recognizable need for the conserva-
tion of wildlife and natural environment. Under-
standing the effects involved would assist in the
management of riverine and estuarine environments
such as the lower Sacramento and San Francisco
Bay.

Mungcipal and industrial wastes: Many of the
estuarine areas of the United States receive dis-
charges of municipal and industrial wastes. The
effects of these waste loads on the receiving water-
courses depend not only on the characteristics of the
waste discharge themselves but also on the nature of
the receiving water bodies.

The south Atlantic and gulf coast regions of the
United States are in a period of rapid industrial ex-
pansion and concomitant population growth. At
present the development of these areas has not
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reached the magnitude of the megalopolis of the
Northeast and population and industry are concen-
trated in generally scattered areas along these coasts.
Within these areas are a wide variety of industrial
operations: pulp and paper mills, oil refineries, food
processing plants, chemical manufacturing plants,
fertilizer plants, power generating plants, and mining
operations, to name a few. Wastes from each of these
operations have their own peculiar characteristics,
and each can have a profound effect on the estua-
rine environment.

The estuaries along the south Atlantic and gulf
coasts have inherent characteristics which differ
from those of the north Atlantic and Pacific coasts
and which play a large part in determining the effects
of pollution on these waters and the means which
can be used to dispose of wastes from cities and
industries on their shores.

On the Pacific coast the continental shelf is very
narrow, deep water and strong coastal currents come
close inshore, and waste disposal practice has in-
cluded the use of ocean outfalls as a common tech-
nique.

On the north Atlantic coast the estuaries generally
have steep sides and good exchange of water between
the estuaries and the open sea. Waste disposal
practices in these areas have, in most cases, taken
advantage of these good flushing characteristics and
count on residual pollutants being rapidly carried
away. a

The estuaries of the south Atlantic and gulf coasts,
on the other hand, have neither of these natural
advantages. The continental shelf and shallow water
extend for several tens of miles out from the coast,
making ocean outfall waste disposal a very expensive
proposition. The estuaries themselves are almost all
associated with extensive marshlands which serve as
a trap for residual pollutants and negate any good
flushing characteristics the main stream of an estuary
may have. These coasts also abound in the offshore
bar-built estuaries that are characterized by very
poor flushing properties, small tidal ranges, and
shallow depths which, in these latitudes, tend to
result in elevated natural temperature. Prevention
of water quality degradation from waste discharges
in the south Atlantic and gulf coast estuaries must,
therefore, depend almost entirely on removal of
pollutants at the source of waste disposal rather than
dispersion and flushing of partially treated wastes.

Pesticides: An infinite number of poisons are
dumped into our streams or washed in from the land
and . ultimately into our estuaries and. the ocean.
The number of chemical combinations is almost
unlimited. Agricultural and industrial wastes are

legion and widespread, and their humbers grow faster
than do our studies to learn of their effects. Our
agricultural chemicals, known as pesticides, are more
appropriately listed as biocides. Many of these arée
highly stable and some of them are among the most
poisonous substances known. When many of these
get into our streams they are persistent and have
caused serious loss of fish and their food chains.
Some are synergistic in their effects and many are
highly accumulative. There are examples of low level
applications of reportedly harmless chlorinated
hydrocarbon pesticides building up and ¢oncentrat-
ing in fish and wildlife more than a hundred-thou-
sand fold.

The effects of pesticides on estuarine wildlife are
primarily effects on lower-level wildlife food orga-
nisms. These are discussed in previous reports. We
are only now gathering enough information on wild-
life species far up the food chains, such as many fish-
eating birds and mammals such as porpoises and
seals, to show that relatively large amounts of
pesticides are being accumulated by these species in
our estuaries. Many estuarine wildlife biologists feel
that pesticides are causing significant changes in
estuaries that are only moderately polluted. How-
ever, the interaetion of the many physical and biolog-
ical factors makes the net effect unpredictable at this
time.

Dams: Dams on rivers have a number of biological
effects on estuarine biota. For wildlife species, the
major effect is caused by the resulting change in the
regime of freshwater flow into the estuary. A dam
built on a river, even far upstream, prevents or delays
a large portion of flood waters from reaching the
estuary. This causes an increase in salt-tolerant
species and a decrease in species that require low
salinity either because of physiological need or
because they need low salinity to protect them from
their enemies (competing species, predators, or
parasites). In such a river-estuary system, even
reduction of the flooding that normally oecurs
annually or every few years may radically change
the ecology of the estuary, either beneficially or
harmfully. Each river-estuary system must be
considered independently in relation to the effects
on desired wildlife species. An evaluation of the
effects of a specific dam on estuarine and marine
life requires information on the physical effects, espe-
cially on salinity, turbidity, and sedimentation in the
estuary.

Other: ‘Many other human activities taking place
in estuaries and their watersheds cause pollution in

g
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varying degrees. Activities such as oil exploration
and drilling, clear-cutting of large forested areas on
estuarine watersheds, water diversions, weed control,
hurricane barriers, and the whole gamut of con-
struction activities. Many of these activities cause
only temporary and localized pollution and the
affected wildlife resources recover quickly. But some,
such as water diversions and hurricane barriers
cause changes which are long-lasting.

.

RECENT PROGRESS IN
ESTUARINE WILDLIFE MANAGEMENT

Wildlife management is, to a great extent, habitat
management. In order to manage habitat, some form
of control must be acquired—either direct ownership
or some lesser form such as a long-term lease.

The Federal Wildlife Refuge System in the United
States began in 1903 with the establishment of the
Pelican Island Refuge in Florida by executive order
of President Theodore Roosevelt to protect a colony
of brown pelicans and other colonial nesting birds.
Since then the Federal Wildlife Refuge System has
grown to include some 45 refuges which contain
significant estuarine wildlife areas. The total estua-
rine acreage in this system is approximately 700,000
aeres.

The objective of our National Wildlife Refuge
System is to preserve and manage wildlife and its
associated environment for the continued enjoyment
and social enrichment of the American people. The
attainment of this goal requires that lands, waters,
and other natural resources of the system be man-
aged, rehabilitated, and developed for multiple uses
and purposes. Basic goals of coastal and estuarine
national wildlife refuges, all integrated with national
objectives, are: (1) maintenance of adequate popu-
lations of migratory birds—rare;, endangered, and
unique species, and other wildlife through (2) manip-
ulation and preserva,tlon of land and water resources,
for (3) public use and enjoyment. .

In 1937, the Congress enacted the Federal A_1d in
Wildlife Resﬁoration Act (Pittman-Robertson Act),
which provides financial help and has enabled many
states to finance significant wildlife restoration work.
Under this Act; the 11 percent federal excise tax on
the manufacturers’ price of sporting arms and am-
munition is apportioned to state fish and game de-
partments. A number of states have used these funds
to acquire and manage estuarine areas. -

With few exceptions, governments below the level
of states are not purposely preserving estuarine
habitats. Jamaica Bay, 12,000 acres of shallow-water
marsh and small istands, is on the doorstep of metro-
politan' New York: It furnishes valuable habitat for

many kinds of wildlife, and is operated by the New
York City Parks Department. Some towns and
cities along the coasts of Florida and North Carolina
have considerable acreages of estuarine areas that
are valuable wildlife habitats.

It does not appear feasible to put into public
ownership all the estuarine areas necessary for
producing and maintaining adequate wildlife popu-
lations, nor to supervise all the aesthetie, scientific,
and economie uses of estuaries. Publicly owned estua-
rine wildlife habitats must be supplemented by areas
owned by private groups, individuals, and founda-
tions. The National Audubon Society owns or leases
a number of estuarine areas. These range in size from
20-acre islands to a 27,000-acre brackish marsh.
The Society tries to acquire only those areas con-
taining rare and endangered species of plants or
animals or strategic wildlife breeding areas. The Na-
ture Conservancy is a nonprofit organization which
buys natural areas, including estuaries. Entirely
supported by donations, it obtains natural areas as
gifts, by purchase, and by assisting with the pur-
chase. Proving to be a valuable tool in the preserva-
tion of natural areas, the Conservancy can some-
times purchase areas quietly and hold them until a
governmental agency can obtain appropriations.
Private hunting clubs own and manage a number of
large estuarine areas. Although most of these areas
are managed for waterfowl, other estuarine wildlife
also benefit. An increasing number of private owners
of estuarine areas are managing their holdings with
greater priority given to wildlife resources.

Once control of an estuarine wildlife area is ac-
quired, either by purchase, lease, or other agree-
ments, decisions governing wildlife management are
necessary. The conservation agencies may decide to
hold them as “estuarine banks” and manage them
only when the need has been demonstrated. However,
few delay initiation of wildlife management prac-
tices. Historically, and at present, the number of
estuarine wildlife habitats has drastically decreased.
Therefore, the need to manage them is becoming
more urgent in order to maintain or expand the
produetion of estuarine wildlife. Also, without active
management, estuarine areas often cannot be main-
tained in the same ecological conditions as when they
were acquired.

Nearly all estuarine wildlife areas are maturing
and changing in character and to maintain the wild-
life values, the long-term problem is to arrest de-
velopment or set back vegetative succession.
Management may also be necessary to restore
habitats which have deteriorated through drainage,
filling, or othér pollutions. Management of an estu-
arine habitat for wildlife is aimed at increasing the
production of resident species or encouraging its use
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by migratory species. This can be accomplished by
increasing food production, making food more
available, and creating a desirable ratio of open water
and marsh. The objectives will determine whether
an area is to be managed for maximum muskrat
production, maximum waterfowl production, or
some combination of these and other objectives.
Management may also be needed when conflicting
demands arise regarding use of estuaries: fishing,
bird watching, swimring, waterfowl production or
hunting, furbearer production, preservation of rare
wildlife species, or other uses. Management tech-
niques are improving and for specific objectives in
specific estuarine areas, such as producing moist-soil
food plants, rather detailed management information
is available. However, space limitations here decree
that the subject of wildlife management techniques
will be treated only in general terms.

Most wildlife ecologists will agree on at least one
important point—that wildlife is a product of the
land. The abundance and well-being of most animal
populations is an indication of the land’s produc-
tivity, misuse, or both. It is necessary for the wild-
life manager to know well those aspects of the en-
vironment exerting the most influence on wildlife
populations. Generally, vegetation and soils are the
interacting components which must be compre-
hended to produce the best understanding of wildlife
populations.

Following is a brief discussion of wildlife manage-
ment techniques used on estuarine areas. Significant

forward strides have been made in recent years in-

gaining knowledge of the relationships of physical,
chemical, and biological factors which have enabled
estuarine wildlife managers to improve conditions
for desired wildlife species.

Water control: Water-level control is probably the
most important technique in the management of
estuarine wildlife habitats. Control of water levels
may be used to increase or decrease the salinity, to
stimulate germination and growth of desirable
moist-soil plants, to attract wildlife to an available
food supply, to control undesirable plants and other
organisms such as mosquitoes and wildlife diseases,
to provide a permanent water supply (as in ditches
and potholes) for alligators and furbearers during
droughts, to enable trappers and hunters to move
about the areas more easily, to clear up turbidity, to
recycle nutrients, and for a variety of other purposes.
Unwise manipulation of water can pose problems for
wildlife. Wildlife habitat in the past was often tem-
porarily destroyed by water drawdown; obtaining
enough water for re-flooding at the proper time was
difficult, and overcrowding favored the spread of

disease. Fortunately, estuarine wildlife research and
management have progressed to the point where such

mismanagement is infrequent as managers now have

broader knowledge of physical and biological char-

acteristics of individual marshes. Bottom topog-

raphy, soil characteristics, existing plant com-
munities, current wildlife use and produectivity, and

seasonal water supplies, are all important factors

now being considered before the decision to use

drawdown is made as a habitat - manipulation

technique.

Dikes and levees: Many extensive estuarine areas
have effective water control with simple dikes and
levees which are used to hold water or to keep water
off the area being managed. It is often possible to
flood or drain an area by gravity with simple control
structures. Thousands of acres of coastal marshes,
especially in Louisiana, have natural levees and
barriers, which impound adequate amounts of water
in years of normal rainfall and tides, but except on
limited areas, control of water levelsin these marshes
is almost impossible. Dikes are used to stabilize
levels in marshes where water levels are drastically
affected by tides and winds. Other segments of
marsh are diked to provide optimum growing con-
ditions for desirable wildlife food plants. Marshes
managed in this manner often yield three to five
times as many muskrats as undiked adjacent
marshes.

Control structures: Most water control structures
used in marshes are simple, but effective. Critical
factors for effective operation of control structures
are the timing of flooding and dewatering, an’ ad-
equate water supply for flooding, and no flooding
during dewatering.

Impoundments, although expensive, have been
widely used in the southeastern United States. Also,
without pumping facilities, abnormally wet or dry
conditions usually result in poor wildlife food con-
ditions, and impoundments can be built only in
areas that will support a levee. Thus, other less
expensive methods that have a wider application are
being used to improve coastal marshes for wildlife.
Two of these are weirs and earthen plugs.

A weir is a structure placed in the drainage system
of a marsh and set about 6 inches below the level of
the surrounding marsh. This permits the flow of
tidewater in and out of the marsh, but prevents the
drainage of the marsh. Weirs are particularly valu-
able in producing desirable aquatic vegetation in
marsh ponds and lakes, and have already been used
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in managing over 250,000 acres of salt and brackish
marshes along the south Atlantic and gulf coasts.

- Earthen plugs in tidal marshes are being used for a
type of management similar to that obtained by the
use - of weirs; however, the plugs rise several feet
above the surrounding marsh level. Thus, normal
tides are not permitted to enter the system and
excess rainwater must run around the plug through
the surrounding marsh or other depression. Most of
the plugs appear to be ineffective for improving
plant conditions for wildlife, but they do provide
permanent water for wildlife and greatly improve
access to the marsh by hunters, trappers, and
fishermen.

Pumping: Pumping is used for flooding and
dewatering impoundments for wildlife management.
This method is usually the most expensive but is also
the most reliable. Pumping may be used as a standby
or supplementary method to simple inlet and outlet
structures. The expenses of pumping are justified
in estuarine wildlife management when valuable
wildlife species and habitats are involved.

Level ditches and marsh potholes: Level ditches and
marsh potholes are constructed to improve estuarine
habitat for wildlife. They may be built by draglines,
ditching plows and such devices as rotary tillers
which have been used experimentally in some Lou-
isiana marshes. Blasting has also been used to create
ditehes and potholes in extensive marshes.

The purpose of these areas is primarily to open up
dense vegetation, to provide a permanent water
supply and easier access to the marsh. The latter two
objectives are attained easily in most areas, but usage
by wildlife is not always assured. Along coastal
marshes, ditches constructed with draglines are not
usually productive of wildlife until after the first few
years because turbidity may restrict grovvth of
aquatic vegetation.

Burning: The marsh has undoubtedly been burned
since its origin, first by natural fires caused by light-
ning and later by Indians as they occupied adjacent
high land. As white man settled in and near the
marsh, he stepped up the tempo of burning to make
his trapping, hunting and traveling easier and to
improve grazing conditions for livestock. As the
overall picture of periodic burning developed, many
people noticed an improvement in the marsh, until
today all phases of marsh management 1nclude
periodic burmng

The major objective of marsh burning is to give
some of the more valuable food plants an advantage
over those that are less desirable or to remove the

dense rough and provide more succulent food for
wildlife. Although it sometimes backfires or goes
astray this is the optimum goal of marsh burning.

Prior to 1910 along the coasts of Louisiana and
Texas, intentional marsh burning was an unforgiva-
ble sin; however, by 1926 it was a fairly common
practice. The reason for this was the increased
interest in alligator hunting. To hunt alligators in
those days it was necessary to burn off the marsh to
locate the alligator holes. Unknowingly, the alligator
hunter was making way for the forthcoming muskrat
boom in Louisiana and Texas. Because some trappers
were noticing an improvement in marsh conditions
after a burn, they adopted the practice until burning
was commonplace on the gulf coast by 1940,

In more recent years a number of people con-
cerned with estuarine management have recognized
that prescribed burning is another important method
of managing for desirable plants. Much of the ac-
cumulation of plant growth in the northern marshes
is removed by ice, spring floods, and grazing; how-
ever, in the southern marshes the long growing season
produces a heavier growth, and drastic measures are
needed to manage the vegetation. Hurricanes remove
the ‘vegetation from huge areas in short periods of
time; when storms do not remove unwanted vegeta-
tion, fire can be an effective tool. The major objec-
tives of burning are to give some of the more valu-
able food plants a competitive advantage, to remove
the dense rough, to provide more succulent food
plants for wildlife, and to create open water areas
by burning into the marsh floor. Burning affects
both wildlife and plants. Nutrients, especially
potassium, caleium, phosphorus, magnesium, and
chlorides, are released from vegetation and added to
the soil and water. The warm temperatures of the
south and the fertilization by the ash following fire
stimulates new growth almost immediately, even in
winter.

Burning has undesirable as well as desirable effects
on marshes. An unburned marsh accumulates a very
large amount of fuel; in this situation burning is
dangerous. The timing of a burn is important. If a
burn is made just prior to a high tide many nutrients
may be lost. Heavy vegetation helps prevent erosion,
thus, in coastal marshes subject to hurricanes, burn-
ing should be delayed until about October 15 when
the peak of the storm season is past.

Cover burns, usually made in the fall or winter to
open up dense stands of vegetation, produce an
immediate change in habitat because they remove
the standing vegetation, but they seldom produce a
permanent chahge in vegetative type. Root burns,
made when the marsh is dry, damage or destroy the
roots of the plants and ean change the composition
of the vegetation. This type of burn is used to reduce
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or remove climax vegetation. However, it can stimu-
late undesirable as well as desirable plant species.
To maintain the same kind of vegetation, a burn
made just prior to the growing season is the most
effective.

Herbicides: Large scale control of estuarine veg-
etation is best accomplished by water level manipu-
lation, burning, cutting or by animals. When those
methods are not feasible, and especially on smaller
areas and for special purposes, herbicides are useful.
Herbicides cause relatively little damage to animal
organisms in the marsh when those of low toxicity
to animals are used, when directions are carefully
followed, and when care is taken to avoid spillage
and overdosing.

Planting: On estuarine areas drained and later
restored, on ecreated areas (such as spoil islands),
and on natural areas where desirable water levels
have been restored, aquatic plants often return or
occur naturally. Where desirable plants are absent or
less desirable species are dominant, planting can be
an important management tool. Plantings range from
seeding cultivated grains to produce food for wildlife,
to seeding exposed mud flats following drawdowns,
and setting out rooted aquatics. Wildlife prefer a
diversity so it is best to plan for a variety of plant
species and a proper balance of open water and
plants.

Planting is inadvisable where a good stand of
speeies exist, but a paucity of natural vegetation may
indicate habitat deficiences. In the coastal marshes
where “cat clays” pose a problem with cultivated
erops, similar problems are likely to affect plantings
for wildlife. In these areas only a quick maturing
plant which does not require deep drainage is suit-
able.

Animals: Both wild and domestic animals can
control plants, but usually in different situations.
Wildlife, especially when population levels are high,
may exert undesirable control on the vegetation and
may need to be controlled in order to maintain de-
sirable plant communities.

When populations of muskrats and nutrias are
high, their feeding activities may compete with ducks
or other wildlife for food plants. At peak populations,
the muskrats and nutrias make “eatouts’” on some
coastal marshes. Eatouts by muskrats, nutrias and
geese sometimes create muck-bottomed ponds in
tidal marshes and create more open water than is
desirable. Eatouts by nutria normally revegetate in
one growing season because these mammals feed at

the surface, but an eatout by muskrats, which con-
sume roots and all, may require as long as 10 years to
revegetate. Because muskrats and nutrias are valu-
able furbearers, control usually involves offering
ample opportunity for their legal harvest and pro-
viding trappers ready access, by impoundments and
level ditches, to all sections of the marsh.

Grazing by cattle is a well-established practice in
coastal marshes. Grazing is economical, usually
effective, and does little damage to nesting wildlife.

High populations of fishes, especially bullheads
and carp, may create conditions in a marsh that
eliminate desirable aquatic vegetation. Some estua-
rine areas can be successfully managed for fish and
wildlife at the same time, but unwanted fish must be
controlled. Undesirable populations of fishes can be
removed by netting or poisoning. Even when a fish
population is not detrimental, the trampling of
shoreline vegetation and the disturbance caused by
the presence of an excessive number of fishermen
may harm wildlife values.

The animal species which perhaps has had the
greatest effect on estuarine habitat in the United
States, although indirectly, is the salt-marsh mos-
quito. In attempts to control this species, people
have affected the wildlife values of many thousands
of acres of coastal marshlands. In the early 1930’s
the Civilian Conservation Corps, at the request of
local communities, began to ditch marshes for mos-
quito control. Nearly 500,000 acres of valuable
marshes from southern New England to Maryland
were drained and made nearly useless for waterfowl
and other wildlife. :

Wildlife agencies and mosquito control agencies
have now devised methods of water management
that both benefit waterfowl and other wildlife while
controlling mosquito populations. The eggs of flood-
water mosquitoes are laid only in temporarily de-
watered sites. The eggs hatch when high tides or
rains reflood the eggs. By diking marshes and keeping
them flooded throughout the mosquito ~breeding
season, mosquitoes are effectively controlled, and
the impoundments greatly enhance the value of
tidal marshes for many species of wildlife. Con-
struction costs for mosquito control impoundments
are greater than ditching costs but the benefits are
many times greater. These impoundments also pro-
vide trapping, crabbing, frogging, and firebreaks.

EVALUATION OF RECENT
WILDLIFE MANAGEMENT PROGRAMS

To maintain and increase valuable estuarine wild-
life resourees in the face of growing pressures to con-
vert estuarine habitats to other uses has necessitated
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many activities. These include land acquisition,
research investigations, and intensive management
programs. The objectives of these activities have
been discussed previously. Thus, only results and
indicated trends will be discussed below.

Wildlife habitat acquisition: National planning is
lacking for estuaries, including their fish and wildlife
resources. Without national planning, acquisition
of valuable estuarine wildlife habitats has proceeded
with only uncoordinated, spasmodie, and piecemeal
efforts. Funds available nationally for acquisition
of wildlife lands have been limited. Therefore, these
funds have been used on a priority basis, but without
national planning evén the best intentions have
resulted in the acquisition of less valuable areas
while extremely valuable estuarine wildlife lands
have been lost to other land uses. Although acquisi-
tion of less valuable wildlife lands is usually cheaper
than more valuable habitats, the initial monetary
savings are soon nullified by the increased costs of
necessary development and management activities.

Indications are that more comprehensive planning
for estuaries is in the making in order to more wisely
identify, preserve and proteet their fish and wildlife
resources. The problem of splintered governmental
responsibilities and authorities which complicate
controlling use of estuarine lands held in trust for the
public is now receiving much greater attention.

Wildlife research: Protecting, and even increasing,
valuable estuarine wildlife resources requires re-
search results to plan for proper management.
Unfortunately, good wildlife research usually takes
more time than land administrators are willing to
take before initiating management practices. A
large amount of good quality estuarine wildlife
research has been accomplished largely through the
yveoman efforts of a relatively small cadre of wildlife
biologists. Unfortunately, the force of their recom-
mendations has not always carried enough weight
when management decisions have been made.

Past research on wildlife use of estuarine areas has
been localized where important problems existed and
where a pooling of interest, effort, and finances made
an effective venture possible. The Back Bay-Cur-
rituck Sound research project is an example of this
type of productive effort. However, nationally there
has generally been no provision for the more general
survey approach followed by more intense research
on local problems according to a logical system ‘of
priorities. Ambitious, high quality, research pro-
grams have been contemplated in the past, but
funding and staffing deficiences have derailed them.

Encouragingly, wildlife administrators appear to

be more inclined ‘to provide the cooperation and
coordination that is essential to obtain the greatest
dividends from a given amount of research funds
and effort.

Wildlife management: After acquiring (or estab-
lishing some control over) estuarine wildlife habitats,
and after having the benefits of good research efforts,
the next step is to reach wildlife resource goals by
proper management. But what is proper manage-
ment? This is the big question. The answer should
be that level of management required to sustain
optimum populations of wildlife and enable maxi-
mum enjoyment by the public. We do not know, and
have hardly started to fully determine, what manage-
ment is essential for the welfare of many estuarine
wildlife species, or what criteria result in maximum
public enjoyment. Only by improving knowledge of
these requirements will better management policies
be established even though many of the necessary
tools and procedures are known. Although many
federal, state, and privately. controlled estuarine
wildlife areas have accomplished much toward these
goals, many instances of faulty management still
remain, .

Ovennanagement which wastes time, effort and
money, exists in many forms, e.g., excessive dlklng,
pumping, farming, plant control, pothole blasting,
and other practices. There are areas where most
wildlife biclogists concede that intensive manage-
ment is not presently required by wildlife or the
publie, but they have been pressured into putting
the land to use. At times, the explanation is offered
that management activity is required to justify
retention of certain lands. This type of overmanage-
ment is deplorable. It rejects the idea of a land bank
whereby the conservation agencies hold strategic
parcels of land, and manage them only when the need
has been demonstrated. This common fault of at-
tempting to manage all lands under jurisdiction is
costly and unnecessary.

Undermanagement of lands administered by

‘wildlife agencies is probably less commonly encoun-

tered than overmanagement. It is less costly in
money and effort, but it adds little to our knowledge.
Probably the most common example of under-
management is the lack of water drawdown even
when adequate facilities are available. Apparently
the fear of failure or of causing irreparable harm if
stable water levels ‘are not maintained, prevents
some managers from’ experunentmg

Mlsmanagement is a product of ignorance, or lack
of sufficient manpower, money, or incentive to do the
job properly. Unfortunately, mlsmananement is
widespread.
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Misdirected weed control programs can be found
throughout the country. In some instances eradica-
tion programs have been directed to the control of
useful wildlife foods, e.g., Hydrochloa or Myrica.
FEradication programs such as the alligatorweed
program often operate more on fancy than on fact.
Early control of pest plants that spread rapidly and
persist, c.g., Eurasian watermilfoil, water hyacinth,
and water chestnut, is important, but there are
examples of undue delay in action programs. The
ultimate value of control is concerned not only with
killing the target plant, but also with the plant
communities that follow. In areas where maidencane
growth succeeds alligatorweed, little has been ac-
complished by control.

Poorly planned plant introductions are probably
not as common as they once were, when transplant-

ing was in vogue 20 to 30 years ago. There are still:

a few private individuals who purchase wildlife foods
and unwittingly plant them in habitats where they
already occur naturally.

In summary, wildlife management on estuarine
areas is far from being an exact science. A detailed,
critical evaluation of all estuarine wildlife manage-
ment areas would probably show that most are being
well managed with the funding and manpower
available. However, there are enough examples of
mediocre or poor management to indicate that there
is much room for improvement. The knowledge
bank of estuarine wildlife management techniques
is increasing, yet there are enough knowledge and
communication gaps to cause many problems in
trying to provide wildlife with the necessary variety
and quantity of food, water, and protective cover.
Lack of overall, coordinated management among all
interested parties hinders the most effective manage-
ment of estuarine wildlife. On the brighter side, there
now appears to be meaningful effort to correct this
severe problem.

FUTURE TRENDS AND NEEDS
IN ESTUARINE WILDLIFE MANAGEMENT

One crucial dimension of estuarine habitat re-
lationships must receive much more consideration
if the future needs of wildlife are to be met. This is,
one wetland community may eontribute nutrients to
another nearby, or to another distantly located.
Highly productive estuaries and coastal marshes are
surely the lifeline of our entire coastline and adjacent
seas. Resource managers must be acutely aware of
these important relationships in order to avoid
misjudging the values of our dynamic estuarine
communities. As we are painfully learning, energy

and nutrient eycles and food webs require greater
understanding.

Many of our present environmental problems
result from plans executed project-by-project, with-
out relating individual actions to an entire estuary or
watershed. This case-by-case approach is the genesis
of many problems (including wildlife resources)
plaguing estuarine areas. Broadly integrated, rather
than single purpose, planning is required for estu-
aries to designate where and what developments can
be permitted without damaging the resource base.
Estuarine landscape must be recognized as one
major ecosystem with interdependent components
and functions and not be subjected to insidious
destructive and resource-degrading activities. With
our increasing population and associated demands
on resources, constructive national action is im-
perative.

Communication, coordination, and cooperation
are the cornerstones on which science, industry,
government, and citizens must build to attain a
viable solution to the multi-user problems involved
in equitable and effective estuarine management.
Wildlife values are only a part of our total estuarine
values, but they must be considered. Certainly,
broad-scale estuarine planning has been discussed
previously in this overall report. Thus, only the plea
that our wildlife resources be justly considered will
be made here along with the thought that we stand
on the threshold of decision. Procrastination is no
longer either profitable or possible. Our national
estuarine problems must be solved with national
planning and national efforts.

Following is a brief listing of some of the needs of
estuarine wildlife research and management.

e Initiate a comprehensive national survey of the
fish and wildlife resources of estuaries and their
habitats.

e Identify 'and delineate those areas of special
estuarine significance in need of federal, state, or
local protection through land control and manage-
ment, or through another vehicle such as an “estu-
arine authority.”

e Plan a program of research and experimental
management on coastal wildlife refuges and perhaps
on national parks and seashores as well. The basis
of this approach is that the coastal wildlife refuges
offer natural bases for inventory, research, manipula-
tion, experimental management, and rehabilitation.
These refuges have land, water, marshes, fish, birds,
mammals, and people with local knowledge, and a
wide variety of problems associated with environ-
mental manipulation. Coastal national parks and
seashores may also offer the same opportunities.

o The entire field of habitat rehabilitation prom-
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ises to yield great rewards but unfortunately has
been sadly neglected. We know that thousands of
acres of estuarine habitat have been damaged and
destroyed and that the future promises an increase of
this problem. It is time now to stop, and if possible,
to reverse this destructive trend. Habitat rehabilita-~
tion certainly is one way to accomplish this goal.

» There is urgent need for an accelerated research
program to give better understanding and better
tools for mansgement. Among these needs is a far
better knowledge of the overall ecological relation-
ships of total communities of organisms.

¢ More precise knowledge of the interrelationships
of the tidal flats, marshes and periodically inundated
semi-upland is needed. To what extent are our
aquatic resources dependent upon these higher
elevated tidal zones? To what extent does the mis-
management of these higher zones affect the per-
manent water areas and their productivity? To what
extent does one wetland community contribute to
another? : ,

» The specific ecological requirements, degree- of
adaptability, life histories, food, nesting and other
habits, social behavior patterns, competition, ene-
mies, limiting population factors of abundance or
population dynamics, and many other aspects of
many wildlife species are known only in part. Re-
search here surely is needed and some of it is ur-
gent.

¢ Research on the economiec, recreational and
sporting values were urgently needed on all estuarine
commercial products long before those resources
were eliminated by dredging, filling and pollution.
Research is now needed on how to safely restore and
effectively manage the potential resources that
remain. Socio-economic studies are needed to estab-
lish more firmly public values of specific and as-
sociated renewable resources. Otherwise, we cannot
objectively appraise these renewable - resources
against other proposals for development of :those

areas. Too many local areas have been destroyed
without thought or realization of the values being
eliminated.

» Revised procedures or legislation are needed to

‘permit adequate time to conduct wildlife studies,

analyze project effects and devise protective and
enhancement measures for all estuarine projects.

e With the demands for fresh water diversion,
dams and more dams on all our rivers, it is apparent
that less ard less fresh water is going to reach the
sea coast and the drainage water that does enter will
likely be polluted and contain concentrations of
salts and other minerals. The proposal to drain
water from the Sabine down the Texas coast to the
lower Rio Grande Valley is expected by most people
to prevent the “loss” of fresh water into the coastal
estuaries and gulf. It is obvious that to the extent
that fresh water is prevented from reaching the
gulf, the gulf seawater will encroach into the estu-
aries and accordingly change them. We need to know
the critical limits to which fresh water can safely be
diverted. We need to know the salt tolerance of the
various organisms—commercial, sporting and food
chain species in the estuaries, and we need to know
what effects will result from diversion of fresh water
that normally enters the various estuaries. This is
an urgent research need and such studies should be
generously supported.

s Human population increases will require new
approaches and intensive management of species
now harvested or those little used.

o Lastly, perhaps there is urgent need for studies
to improve better public relations and people man-
agement as they affect our estuarine system.

Much destruction of our valuable estuarine wild-
life habitats has already taken place, and many
estuarine uses now being planned will destroy or
damage a number of our remaining areas. Only a
concerted national effort now will turn the tide.
Surely we have the desire and pride to do this.
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ABSTRACT

Pollution of estuaries affects bird populations indirectly through changes in habitat and food
supply. The multi-factor pollution of Chesapeake Bay has resulted in diminution of submerged
aquatic plants and consequent change in food habits of the canvasback duck. Although dredge-
spoil operations can improve wildlife habitat, they often result in its demise.

Pollution of estuaries also affects birds directly, through chemical toxication, which may result
in outright mortality or in reproductive impairment. Lead from industrial sources and roadways
enters the estuaries and is accumulated in tissues of birds. Lead pellets deposited in estuaries as
a result of hunting are consumed by ducks with sufficient frequency to result in large annual
die-offs from lead poisoning. Fish in certain areas, usually near industrial sources, may contain
levels of mercury high enough to be hazardous to birds that consume them. Other heavy metals
are present in estuarine birds, bui their significance is poorly known. Oil exerts lethal or sublethal
effects on birds by oiling their feathers, oiling eggs and young by contaminated parents, and by
ingestion of oil-contaminated food. Organochlorine chemicals, of both agricultural and industrial
origin, travel through the food chains and reach harmful levels in susceptible species of birds

in certain estuarine ecosystems. Both oufright mortality and reproductive impairment have

occurred.

INTRODUCTION

Millions of people live in communities bordering
the estuaries. They deposit their wastes in the
oceans, bays, and rivers on the age-old assumption
that the ocean has an infinite capacity to remove,
store, and cleanse. The error of this assumption is
now evident. Kinds of pollution are numerous and
their sources divergent. They include agricultural
pesticides, industrial wastes, sewage effluents, ab-
normal changes in water temperature, and soil
eroded from disturbed lands. Even the hunters,
concentrating on shrinking waterfowl areas, annu-
ally increase the toxic burden of lead shot in the
environment. We will take examples from a few of
these in relation to certain kinds of birds whose
lives depend upon the estuarine ecosystem.

Pollution of estuaries affects bird populations in-
directly through changes in habitat and food supply;
these changes are widespread, not immediately ap-
parent, and, in practice, may not be reversible. The
kinds of pollution include turbidity, sedimentation,
eutrophication (enrichment by nutrients), and ab-
normal changes in water temperature. They also
include pollution by oil and chemicals. These factors
cause changes in the kinds and numbers of animals

and plants in the biotic community. For example,
prior to the 1950’s, the canvasback duck fed pri~
marily on parts of submerged aquatic plants in the
Chesapeake Bay. Since that decade, the canvas-
back’s diet in the bay has changed completely, until
now it feeds almost entirely on small clams and
oceasionally on other animals that are part of the
detrital food chain (Fig. 1). Similar changes in the
Illinois River are believed responsible for the decline
of the canvasback and other species in the area
(Mills et al., 1966). Different species of waterfowl
have greatly different diets, including both animals
and plants.

Herons, in contrast, feed only upon animals, but
these may occupy several levels of the carnivorous
food chain, from aquatic insects, crustaceans, and
molluses, to fish. Pelicans and ospreys feed almost
entirely upon fish, the top of the aquatic chain; and
eagles eat both fish and birds (Fig. 2). Pollution-
induced changes in the populations of the food
organisms will inevitably change the food habits of
birds and may affect populations. :

Physical changes may destroy or drastically alter
the estuaries. Dredge-spoil operations, for example,
may have either detrimental or beneficial effects.
For example, in the saline marshes of New Jersey,

57
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Fraure 1.—Food chains of canvasback ducks in clean water and eutrophic estuaries. Multiple pollution of Chesapeake Bay has
changed the entire biotic community. The canvasback duck has adapted by changing its diet, but the cost may be reflected in

reduced wintering populations on the bay.
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Fieure 2.—Flow of nutrients through the estuarine food chain. This simplified diagram shows the diverse food habits of water-
fowl, and the successively more restrictive requirements of wading birds, ospreys, and eagles.

valuable plant communities such as Spartina alterni-
fora may be destroyed by dredging and subsequent,
invasion by Phragmites communis, which is of only
small value to wildlife populations. In contrast,
spoil deposits can increase plant diversity. On the

eastern shore of Maryland and Virginia, in New
Jersey, and on the Quter Banks of North Carolina,
dredge-spoil operations on the inland waterway have
created habitat for gulls, terns, black ducks, willets,
herons, ibises, and egrets. Proper management of
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Figure 3.—Plant succession and nesting cover on spoil banks on the eastern shore of Virginia. Dredge-spoil operations often
destroy or drastically alter estuarine communities, with seriously detrimental effects on bird populations. Proper management

can ameliorate damage in some areas.

dredge spoil can be beneficial to wildlife, but develop-
ment of the techniques is in its infancy (Fig. 3).

Pollution of estuaries affects birds direetly through
chemical toxication. High levels of chemicals may
kill birds outright but lower levels may have more
insidious effects, impairing both reproduction and
survival. Both may be critical to survival of pop-
ulations.

LEAD

Lead poisoning has been recognized as a cause of
waterfowl mortality since the turn of the century.
Ducks that eat lead shot experience serious physio-
logical disturbances of the digestive, circulatory,
and nervous systems, which may eventually result
in death. Waterfowl mortality from this cause has
been estimated as 1.5 million birds per year.

In 1972, the U.S. Fish and Wildlife Service initi-
ated a study to examine the geographic distribution
of lead levels in several species of waterfowl through-
out the United States. The survey was made by
examining the lead levels in the wingbones of imma-
ture ducks. Bone was selected because lead uptake

by bone is rapid and loss is extremely slow. Lead
levels in the bone, therefore, represent the bird’s
total history of exposure. Wingbones were used be-
cause statistically planned samples of wings were
readily available from other studies in which wings
of many species are obtained annually from hunters
to assess reproductive success of the birds and to
help measure the harvest. Young birds were sampled
because they would be making their first southward
migration and therefore would reflect the exposure
of a single season. Mallards were the primary species
sampled, because of their almost nationwide distri-
bution and availability.

Lead in wingbones of immature mallards ranged
from less than 0.5 ppm to greater than 400 ppm on
a dry weight basis. Levels were highest in states of
the Atlantic flyway, lowest in the Central flyway,
and intermediate in the Mississippi and Pacific fly-
ways (Fig. 4). Levels in black ducks from the north-
eastern states were similar to those in mallards.
Mottled ducks from Florida, Louisiana, and Texas
had the highest levels of any species from any area.
It was evident that a high proportion of the water-
fowl population is exposed to elevated levels of lead.

Over most of the United States, there is strong
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Fieure 4.—Lead in mallard ducks. Geographm dlﬁerences in lead exposure are shown by analysis of lead content of ngbones.
nghest exposure is in the east, where ma.rshlands used by waterfowl receive mumc1pa] and mdustmal lead as well ag lead shot.

evidence that the major source of lead in ducks is
ingested shotgun pellets. Bach year, 2 million water-

fowl hunters shoot more than 3,000 tons of lead -

into marshes, lakes, and estuaries. Many of these
spent shot are eaten by the birds as if they were
seeds or grit. The shot are ground in the gizzard,
and much lead is absorbed by the body: Results of
a survey of lead shot in gizzards showed a geographlc
distribution very similar to that of lead in ng-
bones (Bellrose, 1959),. . ,

However, lead from other mamnade sources may
aceount for some of the lead in the bones. This is
particularly true of mallards and black ducks from
northeastern coastal states, where a large percentage
of the wingbone sa.mples contained moderate to
high levels of lead. In this region, huntmg often is
.concentrated -in ‘areas that. also receive lead as an
industrial or- municipa,l polluta,nt and lead in the
bone from the various sources is not easily separa-

: ted ‘ : : .

Lt PR . P

‘ OTHER HEAVY METALS

Estiaries are repos1tones for tuany: other heavy
metals ‘besides lead, since these areas receive: the
effluent’ from numerous industrial areas. Heavy
metals are a part of the complex of pollution that

" alters the energy flow and food chain composxtlon
The effects of héa.vy metals on bn'ds are not', at all
well understood. - oo

Mercury is a cause for concern in some areas and
; has been most: studied. Levels of mercury increase
through the various stages of the food chain. Ducks
that feed more upon animal matter (divers) have
higher levels of mercury than those that feed pre-
domina.ntly upon vegetation (dabblers) This is
‘shown in the distribution of mercury in samples of
divers-and dabblers from Wisconsin (Kleinert and
DeGurse, 1972) and from Pacific flyway estuaries
(Baskett, 1975). Mergansers because of their fish-
eating hablts, show the highest mercury 1evels
(Fig. 5)... .

. The eggs of wﬂd mergansers often contain levels
,of mercury that have impaired the reproduction of
captive mallards and black ducks (Heinz, 1974;
M., Finley a,nd R. Stendell, personal communica~
_tlon), but it is not known Whether the mergansers
are .affected, because neither field nor 1aborat0ry
studies have been made. ;

Bald eagles; which eat both. fish and blrds, occa-
smnally contain high levels of mercury (Mulhern
et al., 1970 Belisle et al. 1972) :

' OIL R

: Spﬂls of major extent may 011 and klll thousands
of birds and disfigure beaches. Spectacular accidents,
hdwever, constitute only a small percentage of ’ohe
5 m:\Ihon metric' tons that’ is ‘estimated to be the
annual global input of oil to'the oceans. '
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Fieure 6. —Mercury in ducks from Wisconsin and from Pacific estuaries. Diving ducks which feed more upon animal material
aecumulate more mercury than do dabbling ducks which feed predominantly upon vegetation (Kleinert and DeGurse, 1972;

Baskett, 1974).

Birds may be affected by oil directly, ‘through
feather-oiling, by exposure of eggs to oiled feathers,
and by ingestion of oil. They may die as a result of
direct, exposure to oil even when the oil is essentially
gone from the feathers. The damage results from
the ingestion of oil during preening or during intake
of food items that are coated with oil. Oil is found
in tissues of birds in oil-spill areas even when feathers
are not oiled (Burns and Teal, 1971). In the San
Francisco spill of 1971, grebes, murres, and loons
died more rapidly than other birds and the duck
species appeared most hardy (Snyder et al., 1973).
Various pathological conditions and signs of Hebili-
tation were present in oiled birds. Delayed feather
damage also may occur (Bourne, 1974). Oil ihgestion
at levels obtainable from oiled plumage inhibited
egg laying of mallard ducks and had other physio-
logical effects (Hartung, 1963, 1964, 1965)..A thin
film of oil will prevent eggs from hatching and could
be introduced by the incubating hen (Hartung,
1965; Kopischke, }972). Ingested oil may interfere
with the intestinal absorption of water by ducks
that depend upon saltwater and result in death from
dehydration (Crocker et al,, 1974).

ORGANOCHLORINES

Manmade chemicals have become an integral part
of estuarine ecosystems throughout the world. The
organochlorines of agricultural and industrial origin
travel through the food chains and follow the energy
cycles of all living organisms. Species differ greatly
in susceptibility to harm. Some species, such as
fiddler crabs, are so easily killed by DDT that they
may be lost from local faunas. Other species, such
as snails, are less easily harmed and so serve as
asccumulators. Organochlorines enter the body of
birds primarily through the foods they eat. Birds
that eat fish and other birds generally accumulate
higher amounts than do birds that eat seeds and
vegetation. . ‘ .

Predatory and fish-eating birds that live near the
estuaries and depend upon the estuarine food chain
accumulate a wide variety of organochlorines in
their tissues and transmit them to eggs and young.

The principal chemicals—those that occur most
frequently and in the greatest concentrations—in-

' clude DDE, dieldrin, and PCBs (polychlorinated

biphenyls). Many other kinds oceur less frequently.
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The effects also are various. Those of DDE are best
documented, for this compound in small amounts
thins eggshells and impairs reproduction of many
kinds of birds, and these effects have been verified
in numerous experimental and ecological studies.
The relationships of DDE and other organochlorines
to different species of estuarine birds can best be
considered through examples.

Bald Eagles

Since 1947, eggshells of a number of species of
birds of prey have thinned both in the United States
and in other parts of the world (Ratcliffe, 1967;
Hickey and Anderson, 1968). Bald eagle eggs from
Brevard and Osceola Counties, Fla., were among
those whose shells thinned significantly; the bald
eagle population was declining in the area as was
its reproductive success. Declines in populations and
reproductive success of bald eagles nesting on the
west coast of Florida had been reported earlier
(Broley, 1958). Thinned eggshells are less able to
support the weight of the incubating bird and are
more susceptible to breakage, so that fewer eggs
are hatched. The hypothesis was advanced that
eggshell thinning was caused by the introduction of
organochlorine insecticides, such as DDT, into the
environment. This hypothesis was substantiated in
later years by the results of experimental studies
with several species; these studies also showed that
even the unbroken thin-shelled eggs hatched poorly.
American sparrow hawks (a species related to the
bald eagle and osprey) that were fed diets contain-
ing DDT and dieldrin in combination, as well as
DDE alone, laid eggs with shells that were signifi-
cantly thinner than those of undosed sparrow hawks
(Porter and Wiemeyer, 1969; Wiemeyer and Porter,
1970). . '

Bald eagles found dead in the field have been
monitored for the presence of organochlorine insecti-
cides since 1964, and for PCBs since 1969 (Reichel
et al,, 1969; Mulhern et al., 1970; Belisle et al.,
1972; Cromartie et al., 1974) . Their tissues contained
a wide range of concentrations of many different
chemicals. Some contained high amounts. The most
notable finding was that 8 of 17 (47 percent) of the
bald eagles from southeastern coastal states (Mary-
land, Virginia, South Carolina, Florida) were sus-
spected to have died of dieldrin poisoning. The four
cases from Maryland and Virginia were from tide-
water areas of Chesapeake Bay (Cromartie et al,,
1974). Reproductive success of bald eagles in this
area has been poor (Abbott, 1973). Only 11 of 173
bald eagles (6 percent) from other areas of the
United States had such high levels of dieldrin.

Table 1.~—0rganochlorine residuss in eggs of bald eagles from estuarine areas.
The high residues in eagle eggs from Maine parallel poor reproductive success
in that area. (Wiemeyer et al., 1972)

Residues ppm wet weight

Area and year n DDE Dieldrin PCB

Alaska

Kodiak—1969.__. oo 7 1.9 0.10 2.2

Admiralty~1970. . ... __J 5 2.9 0.06 L1
Florida .

Everglades—1968. . _ .o o 6 1.0 0.21 n.a.t

Lee County—1969.. v ccecccmme. 2 18.0 1.1 12.0
Maine 196769, 1974, ..o 11 22.0 11 30.02

L Not analyzed.
20nly 1969 and 1974 eggs were analyzed for PGB, therefore the sample size is 6.

Bald eagle eggs from populations near several
estuarine or salt water areas have been collected for
analysis of environmental pollutants (Krantz et al.,
1970; Wiemeyer et al., 1972). Eggs from Kodiak
Island and the Admiralty Island area of Alaska had
the lowest levels of pollutants (Table 1). Those from
Florida and Maine had considerably higher concen-
trations. The poor reproductive success in many of
the eagle nests in Maine probably is the result of the
high concentrations of DDE, dieldrin, and PCBs in
the eggs. Reproductive success of the eagle popula-
tions in Alaska (Sprunt et al., 1973; Robards and
King, 1967) and in Everglades National Park, Fla.,
(Sprunt et al., 1973) appears to be adequate to
maintain those populations, whereas the Maine
population has been declining for a number of years.
Moderate eggshell thinning (about 10 percent) has
occurred in each of the recent samples mentioned
above, with the exception of those from the Admi-
ralty Island area of Alaska. Eggshell thinning has
also been reported for bald eagles in southern Texas
(Anderson and Hickey, 1972).

Ospreys

The osprey population in estuarine areas along
the-coast of Connecticut, particularly at the mouth
of the Connecticut River, has been one of the better
studied' declining populations. Seventy-one active
osprey nests were present near the mouth of the
river in 1960 (Ames and Mersereau, 1964), whereas
only five active nests remained in 1969 (Wiemeyer
et al., 1974). This population crash was accompanied
by poor reproductive success. Results of studies
conducted in 1968 and 1969 indicated that the most
probable cause of the poor reproduction was the
contamination of the birds and their eggs (Wiemeyer
et al., 1974). Dieldrin, DDE, and PCBs were sus-
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Tahle 2.—~0rganochlorine residues in eggs of ospreys from estuarine areas.
High resid in C eges are d with reproductive failure and
population decline, (Wiemeyer et al., 1974)

Residues ppm wet weight
Area and year n DDE Dieldrin PCB
Connecticut
1964 6 9.9 0.68 13.0
1968-69. 10 8.9 0.61 15.0
Massachusetts
1972-73 7 4.8 0.17 10.0
New Jersey
1970, 1972 e 8 14.0 0.20 8.8
Maryland
Smith Island
C“Fresh™) 1973 oo 10 3.5 0.06 3.0
Potomac
(*'faifed to hatch™)
196869 oo mcceecnan 12 3.4 0.25 2.6
(“failed to hatch”) . -
67 S 8 3.2 0.24 4.6
(“faited to hatch™)
1972 9 3.0 0.30 6.3
(“failed to hatch”) '
1973 e 13 3.2 0.15 9.9
Cfresh™) 1973 oo 20 3.7 0.16 11.0
Florida
Florida Bay 1973 _ ..ol 10 0.90 0.02 1.5

pected of being important factors in the declines:
Eggshells from this population had thinned signifi-
cantly, by about 18 percent, since the 1940’s. One
adult osprey from Connecticut was suspected of
dieldrin poisoning, and another found dead in South
Carolina had levels that probably contnbuted to
its death.

Ospreys nesting along the Potomac Riverin Mary-
land appeared to reproduce at a near-normal rate
in the 1960’s; these birds contained much lower
residues of DDT and its metabolites, dieldrin, and
PCBs in their tissues and eggs than did the Con-
necticut ospreys during those years (Wiemeyer,
1971; Table 2). Fish used by ospreys as food in the
Potomac River area also contained much lower
levels of pollutants than those in the Connecticut
River area (Wiemeyer et al., 1974). Reproductive
success of ospreys on the Potomac River in the early
1970’s fell to about one-half to two-thirds of the
success needed to maintain the population, although
no decline in number of breeding pairs was observed
(Wiemeyer, 1971; 1974). Eggshell thinning in the
Potomac population in 1973 averaged about 15 per-
cent. PCBs residues in the eggs increased nearly
four-fold between 196869 and 1973. Residues of
DDT and its metabolites and dieldrin in eggs from
this area remained re]atlvely unchanged during the
same period.

Osprey populations also have declined in Rhode

Island (Emerson and Davenport, 1963), New York
{Peterson, 1969), and New Jersey (Peterson, 1969;
Schmid, 1966). DDT and metabolites and PCBs
were high in eggs collected in New Jersey in recent
years, and eggshell thinning averaged 12 percent.
A small sample of eggs collected earlier had shells
that had thinned an average of 25 percent (Hickey
and Anderson, 1968).

Reproductive success of ospreys nesting at Martin
National Wildlife Refuge on Smith Island in Chesa-
peake Bay has been excellent (Rhodes, 1972). Resi-
due levels in the eggs are generally low, with the
exception of DDT and its metabolites, which were
similar to the levels in the eggs from the Potomae
River population. Eggshell thinning approached 20
percent in 1973 despite an apparently normal rate
of reproductive success. Reproductive success re-
mains high for a population nesting in the Florida
Bay area of southern Florida (Henny and Ogden,
1970). Eggs collected there in 1973 showed no shell
thinning, and concentrations of pollutants in the eggs
were very low. Eggshell thinning was reported for
small samples of osprey eggs collected in Florida in
1949 and 1960 (Anderson and Hickey, 1972).

Waterfow!

Organochlorine pesticides and industrial pollut-
ants in ducks are periodically surveyed nationwide
to identify trends of pollutants in time and space
(Heath and Hill, 1974). Approximately 5,200 wings
were involved in the survey during the 1969-70
hunting season. Pools of wings of adult mallards
and black ducks from the 48 conterminous states
were analyzed for DDE, DDT, DDD, dieldrin,
PCBs, and mercury (Fig. 6). All except PCBs were
highest in the two coastal flyways, intermediate in
the Mississippi flyway, and lowest in the Central.
PCBs exhibited a somewhat different geographic
pattern; residues were highest in the Atlantic lyway
and generally diminished westward.: Black duck
wings from New Jersey and New York that were
analyzed individually showed that birds taken in
coastal areas contained higher levels of DDE than
those from inland areas. Levels of DDE in duck
wings in the 196566 survey were similar to those
in 1969-70.

Populations of some species of waterfowl appear
to be declining. One example is the black duck pop-
ulation along the Atlantic coast that has been declin-
ing since the mid-1950’s. The cause of the decline
is not known, but age ratios in the harvest suggest
that reproductive success is adequate. Black ducks
are characteristie of a wide variety of habitats from
freshwater impoundments to coastal salt marshes,
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Figure 6.—Nationwide distribution of DDE in mallard and
black ducks. Residues in wings show geographic patterns,
with highest residues in the coastal flyways (Heath and
Hill, 1974).

including estuarine river marshes as well as fresh,
brackish, and salt estuarine bay marshes, and habitat
changes seem insufficient to explain the decline.

Several studies have been made to help determine
whether DDE could have adversely affected popula-
tions. In a 1971 survey of residues, black duck eggs
were collected from 61 nests along the Atlantic sea-
board from Maryland to Nova Scotia (Longcore
and Mulhern, 1973). One egg from each nest was
analyzed for organochlorine pesticides. DDE' was
detected in all eggs; residues ranged from a trace
(<0.05 ppm) to 14.0 ppm on a wet-weight basis.
DDE in eggs from Maine, New York, New Jersey,
and Delaware averaged greater than 1.0 ppm.
Dieldrin (up to 0.81 ppm) and PCBs (up to 6.9
ppm) were present in almost all eggs. The residues
of DDE were lower than those in eggs collected from
Atlantic states in 1964, The lower residues may
reflect the reduced use of DDT in urban and agri-
cultural areas in the 1960’s and the discontinuance
of the practice of spraying marshlands with DDT
for insect control.

In an experimental study, black duck hens fed
dietary doses of DDE (10 ppm dry weight) laid
eggs with thinner shells than those fed untreated
food (Longcore et-al., 1971). A number of eggs with
thinned shells were crushed or cracked during incu-
bation; such eggs rarely hatched. Embryonic mor-
tality and early mortality of ducklings from dosed
black duck hens were significantly greater. Similar
effects, although less pronounced, resulted from a
dietary dosage of 3 ppm of DDE. The initial field
survey in 1964 revealed that the eggs of wild black
ducks contained residues comparable to those found
in eggs of captive hens fed 3 ppm. The eggshell
thickness of eggs collected in 1964 was significantly
Iess than the shell thickness-of eggs from. the pre-

DDT era. The later survey in 1971 revealed that
shells were only slightly thinner than those collected
before DDT use, and residues were generally lower
than levels found in eggs from the 1964 survey.”

An experiment to test the effects of DDE on salt-
gland function suggested that this compound could
be detrimental to survival of ducks in habitats of
moderate or high salinity (Friend et al.,, 1973).
Salt glands are the main route of sodium chloride
excretion in marine birds. The experiment showed
that sublethal levels of DDE suppressed salt gland
secretion in immature mallards not previously ex-
posed to salt. There were no adverse effects on
mallards whose salt glands had been previously
stimulated by low-level salt exposure. Tt is possible
that young birds exposed to moderate levels of
DDE, making their first migration from the breeding
grounds to coastal estuaries where they experience
their first exposure to salt. could face an inability
to eliminate toxic levels of salt taken in while feeding.

Brown Pelicans

The brown pelican has shown some of the most
interesting and meaningful relationships concerning
the influence of pollutants on eggshell thinning,
subnormal reproductive success, and population de-
cline (Fig. 7). '

This colonial species nests in estuaries from North
Carolina to the Amazon River on the east coast and
from southern California to Chile on the west coast.
Eggshell thinning occurred in every colony of brown
pelicans studied in the United States (Blus, 1970;
Blus, Neely, et al., 1974; Keith et al., 1970; Blus,
Belisle, et al., 1974) and in most of the colonies
studied in Mexico (Keith et al., 1970; Jehl, 1973).
In 1969, a catastrophic situation was found in the
only colony of the California brown pelican that is
located in the United States. Eggshells of these
pelicans on Anacapa Island, located in the Pacific
Ocean several miles off Los Angeles, were so thin
that they would break soon after laying. Average
eggshell thinning ranged from approximately 35 per-
cent (Blus et al., 1971; Keith et al., 1970) to 50
percent (Risebrough et al., 1971). In 1969, residues
of DDE in the egg ranged from 40 to 140 ppm
(fresh wet weight) (Blus, Belisle, et al.,, 1974).
These residues of DDE were some of the highest
ever recorded in wild birds. By use of stepwise
regression analysis, it was shown that DDE ac-
counted for essentially all of the eggshell thinning
in the brown pelican (Fig. 8). Even small amounts
of DDE, such as those found in eggs from certain
parts of Florida, were shown to induce eggshell thin-
ning (Blus et al., 1971; Blus et al., 1972a; Blus et al.,
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Ficure 7.—Two downy pelicans in a nest in South Carolina.
Brown pelicans are very sensitive to organochlorine pollutants,
particularly DDE. Eggshell thinning and reproductive failure
were associated with these agents. Reproductive success has
improved as residues have declined.

1972b). In Florida, eggshell thinning in most colonies
was less than 10 percent and eggshell thickness in
some lightly polluted areas, such as Florida Bay,
was near normal. There also was a relationship be-
tween low levels of DDE and dieldrin in the egg and
hatching success (Blus, Neely, et al., 1974).:

Brown pelicans are a sensitive indicator of certain
forms of environmental pollution and have shown
marked improvement in reproductive success within
the past two years as residues have declined. For
example, about 0.92 young fledged per nest in the
California colony in 1974 compared to less than 0.01
in 1969 when about four young were raised in the
entire colony. During the same period, residues of
DDT and metabolites in the estuaries near the
colony and in the pelicans decreased dramatically
(D. Anderson, personal communication). Residues
of organochlorine pesticides and their metabolites
also have declined markedly and reproductive suc-
cess has vastly improved to an essentially normal
level in the South Caroling colonies. ‘
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Figure 8.—Association of DDE residues in brown pelican
eggs with changes in shell thickness. Data are from nine
colonies in Florida (@), two colonies in South Carolina (4),
and one colony in California (*) (Blus, Belisle, et al., 1974).

At one time, Louisiana contained more pelicans
than any other state, probably in excess of 10,000
breeding pairs. They disappeared in the 1960’s and
did not return until reintroduced from Florida in
recent years. Birds in this small colony bred success-
fully in 1971. :

In Florida, pelicans have maintained their num-
bers over the past seven years, and seem to have
normal reproductive success. Residues of organo-
chlorines are generally low. .

In the small North Carolina colony, reproductive
success has been excellent in the past two years and
the birds may be increasing in numbers.

Although there are vast improvements in repro-
ductive success of the brown pelican in most parts
of the U.8., a normal level has not yet been attained
in Louisiana or California. This species is especially
sensitive to certain forms of pollution, and its popu-
lations should be followed closely.

Royal Tern

Species of birds differ markedly from each other
in susceptibility to organochlorines. The royal tern
is an example of a relatively insensitive species.
Although it lives in the same area of South Carolina
ag the brown pelican, it showed no evidence of egg-
shell thinning or lowered reproductive success. Resi-

_due levels of organochlorine pollutants in the tern

eggs were similar to those in pelican eggs. The royal
tern breeds for the first time when it is three or
more years of age and usually lays only one egg per
cluteh. It is a long-lived species and its reproductive
success is very good in South Carolina. Pollution
effects have beén suspected among other species of
terns, however. Hays and Risebrough (1972) found

abnormalities in several species of young terns near
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Long Island, N.Y. These abnormalities seemed re-
lated to the very high load of PCBs they were
carrying. Only a few dozen of the thousands of
tern young seemed affected by the abnormalities.
In the Netherlands, heavy pollution by certain or-
ganochlorine insecticides resulted in the wvirtual
elimination of Sandwich terns (KKoeman et al., 1967).

Estuarine Wadetrs

The nesting colonies of herons and ibises found
near the nation’s estuaries are typically aggrega-
tions of several species, which vary with local habi-
tat conditions. Greatest diversity is in the Southeast,
where 10 or more of these species may nest together
in a single heronry, accompanied by wood storks,
double-crested cormorants, anhingas, and perhaps
also brown pelicans,

Shell thickness of eggs of great blue herons, green
herons, great egrets, snowy egrets, and black-
crowned night herons has significantly decreased
in some coastal areas since the mid-1940’s (Ander-
son and Hickey, 1972; Faber et al., 1972; Faber and
Hickey, 1973).

Reproductive success of a colony of great egrets
in California declined between 1967 and 1970 (Faber
et al., 1972). Successful nesting attempts decreased
from 52 to 28 percent, and nests losing eggs increased
from 30 to 54 percent. However, reproductive sue-
cess of great blue herons in this colony did not deeline
during the same period. Egrets in the California
colony were observed tossing broken eggs from their
nests, a behavior that at least partially explains the
disappearance of eggs during incubation. Grey her-
ons in England also have been observed tossing eggs
from their nests (Milstein et al., 1970; Prestt, 1970).

Thickness of the eggshells of the California egrets
was 15.2 percent less than that of eggshells in mu-
seum collections (Faber et al., 1972). Thickness of
great blue heron eggshells was 10.4 percent less than
those collected prior to 1947.

In 1972, extensive field studies were begun of
waders In the estuaries of the gulf and Atlantic
coasts as well as freshwater habitats throughout the
eastern United States. Both species and geographie
differences in pollutant residues were apparent. Of
samples analyzed thus far, great egret eggs or black-
crowned night heron eggs contained the highest aver-
age amounts of DDE and PCBs at all localities
where they were collected. Eggs of cattle egrets and
glossy ibis generally had greater amounts of dieldrin
than did the eggs of other species.’

Dissimilar food preferences may be at 1éast a par-
tial cause of differences in organochlorine residues
in different species. Great egrets and hight herons

Fieore 9.—Black-crowned night heron eggs were collecied at .
21 localities in estuarine and inland water areas in 1972 and
1973. Organochlorine residues are shown in Figures 10 and 11.

feed on larger fish of different kinds than do other
birds (Bent, 1922, 1926; Palmer, 1962). Night her-
ons are particularly active at dawn and dusk,
whereas the other species feed more actively during
the day. Cattle egrets and glossy ibis feed more
extensively on lower invertebrates. Cattle egrets
feed almost altogether in terrestrial sites whereas
ibises feed exclusively in mud flats. Other species
feed prlmarllv in aquatic areas, eatmg a variety of
organigms including fish of various sizes.

Differences related to geographic location proved
to be greater than those related to the species. Both
kinds and quantities of residues in eggs varied
geographically. Distribution of residues in black-
crowned night heron eggs is illustrative. Black-
crowned mght herons are one of the most widely
located species of waders. They have declined both
in Michigan and southern New England (Wallace,
1969; Hickey, 1969; Anonymous, 1971, 1973; Arbib,
1972)

Chemical residues were relatively higher in black-
crowned night heron eggs from northern Atlantic
estuaties (Fig. 9, 10, 11) than from gulf and southern
Atlantic estuaries. Only mirex occurred more fre-
quently and in greater amounts in the samples from
the south. Residues were consistently highest in
areas where the population had declined.

A black-crowned night heron egg from Long Island
coritained the greatest am6int of DDE (61 ppm

B PN
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Black-crowned Night Heron Egg Residues
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Figure 10.—DDE in black-crowned night heron eggs. Concentrations Wéré highest in the northeastern estuaries. Vertical lines

show the average values; enclosed bars show the limits within which 95 percent of the values are estimated to lie; horizontal lines
show the complete range of values, from low to high. Residues were consistently highest in areas where populations have declined.

fresh wet weight). DDH: exceeded 15 ppm only in

samples from Long Island and Rhode Island. DDT-

concentrations generally “were below 1 ppm, buf

measured 58 ppm in one egg from Long Island. The:
highest level of dieldrin‘in a single egg was 7.8 ppm’

in a sample from Plymouth Bay, Mass.; the mean
for that clutch was 6.7 ppm. Dieldrin exceeded 2
ppm in samples from Martha’s Vineyard, Mass.,

Rhode Island, and Long Island. Mirex (3.0 ppm) .
was highest in a sample from South Carolina; it -
exceeded 1 ppm in two othi¢r eggs from this locality. -

Hexachlorobenzene was.measurable in samples from

Chappaquiddick, Mass. (the maximum, 0.48 ppm), &

Manchester, Mass., Long Island, and western Lake

Erie. The highest level:of PCBs in a single egg was - -

102 ppm in a sample from Rhode Island, and the
highest average level in a clutch was 94 ppm in
samples from Boston Harbor. PCBs exceeded 25
ppm in samples from Manchester, Boston Harbor,
Rhode Island, Long Island, and the Detroit River.
In six of the eight regions compared, shell thick-
ness was significantly less in the 1972-3 samples
than in samples taken before the mid 1940’s. The

- greatest decrease has been in New Jersey (10.6 per-

cent), Massachusetts (9.3 percent), and in New
York, Rhode Island, and Connecticut combined
(7.1 percent). The-decline in eggshell thickness was
sigpificantly related to DDE contained in the eggs
(Fig. 12). .

Patterns of chemicsl residue distribution are diffi-
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Figure 11.—PCBs in black-crowned night heron eggs. Concentrations were highest in the portheastern states, following the
‘ same pattern as DDE.

cult to interpret because migratory birds that nest
in a particular locality may have over-wintered in
dissimilar areas. Also, some herons move northward
after the nesting season, prior to migrating south-
ward. Some, however, remain along the Atlantic
coast throughout the year, as far north as Maine.
It has frequently been suggested that the greatest
pollution problems are in Latin America. The rela-
tionship of residues of organochlorines in eggs to
wintering areas was established by examination of
all available recovery records of black-crowned night
herons that had been banded as nestlings in eastern
North America. The records showed that fewer of
the birds from the northern coast, where residues

were higher, were recovered.in Latin American coun-
tries, showing that the higher residues in northern
birds should not be attributed to wintering in Latin
America (Table 3).

CONCLUSIONS

Bird populations should inerease with the reduc-
tion of estuarine pollution. Improved conditions of
babitat and food supply will require reduction of
both chemical and non-chemical pollution. Improved
survival and reproduction;;will require reduction of
organochlorine chemicals: Elimination of lead poi-

e -




Living AND Non-LiviNe RESOURCES 69

+10 -1 ¢ r =431
¥=-1.57- 8.96X
. . e . .
. ®
e L .
ol ¢ : . : * L]
[ * L] -.o > a8 e . . ¢
. . e . LI
%50 08 & S s s o ¢ es g .
* ¢ . * ::.g:: . .o. o'- L) : .
enests ¢ Ll — . L] LI
. ee o e -
. . s e e eI . .
° =10 - . o e o. ) .
g . ° -. .. L] et :. .
a . LU ) ® % e & o0
< . . . .
] o . . p
® . . . LY
. B . - .. - - L 14
-20 4 . e L. *
. w, o )
.
: s —————
10 2.5 50 e 20.0

Freuns 12.—Association of DDE residues in black-crowned
night heron eggs with changes in shell thickness. Percentage -

decrease in shell thickness relates to eggs cplleci_:ed prior to

DDT use.

are vt T e e e

eggs are recovered less frequently in Latin America, showing that the high
residues should not be attributed to wintering in Latin America. )

Location of Recovery
Location of banding U.S.—Canada Latin Total
America
North Atlantic States! - oo _oeoaneal] 147 13 160
South Atlantic States?.._.coocmoocnee-d] 41 108 51
Total._.... ‘ s 3] 21

t New York to Massachusetts

2 Florida to New Jersey

a Significantly greater (P = 2.29) numbers than from birds banded in northern
Atlantic states. ’

soning of waterfowl will require the substitution of
some less toxic metal, $uch as iron, in the manufac-
ture of shot-gun pellets. The ecological impact of
most heavy metals on éstuarine birds is unknown.
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ESTUARINE LAND USE

MANAGEMENT: THE RELATIONSHIP

OF AESTHETIC VALUE
TO ENVIRONMENTAL QUALITY

ROY MANN
Roy Mann Associates, Inc.
Cambridge, Massachusetts

ABSTRACT

Although advances in identification and management of aesthefic resources have been made
possible through recent legislation and administrative guidelines dealing with the estuarine
environment, new measures are needed if significant impacts on aesthetic resources and resulting
effects on water quality are to be avoided. This paper recommends the adoption of expanded
review responsibilities and standards on the part of federal and state agencies, and the creation
of new funding elements to achieve improved estuarine aesthetic resource protection and manage-

ment.

INTRODUCTION

Aesthetics has always been a hard word and diffi-
cult concept for government. Until recently, scenic
or aesthetic resource protection often was more
notable by its absence than by its inclusion in legis-
lation or administrative actions dealing with eritieal
coastal or estuarine concerns. The reasons for this
are generally four-fold:

1) unfamiliarity on the part of agency officials
and planners with the subject of aesthetics;

2) a traditional bias in systems-oriented planning
and engineering disciplines against aesthetic con-
siderations and wvalues as “soft” or “subjective”
areas in contrast to such “hard” and “objective”
areas as economic, biological, water quality, and
other factors more easily examined by empirical,
systematic, and quantitative methods;

3) a preference on the part of protection-conscious
planners and legislators to achieve aesthetic protec-
tion under the guise of supposedly more legitimate
objectives as recreation, ecological protection, shore
cover retention, and public safety (as in flood plain
and erosion zone prohibitions).

4) a slowness of the courts to support government
actions to protect resources on aesthetic grounds
alone.

As Cerny has pointed out (1974), the bulk of case
law on aesthetics has been founded on the urban
experience. Little has come from litigation dealing
with non-urban resources, although the latter of
course has been the subject of considerable attention
in terms of health, hazard, and resource utilization.

The courts have often held aesthetics to be a
secondary or peripheral issue, while recognizing
health and safety as primary constitutional concerns
(Cerny, 1974). More recently, however, aesthetics
has been recognized as an economic consideration,
as in United Advertising Corporation v. Metuchen
which found that “a discordant sight is as hard an
economic fact as an annoying odor or sound.”’ In
the noted case of Berman v. Parker the Supreme
Court upheld the use of the power of eminent
domain to achieve a more attractive community,
stating that: ‘“The concept of the public welfare is
broad and inclusive. The values it represents are
spiritual as well as physical, aesthetic as well as
monetary.”?

In the future, hopefully, the courts should be ex-
peeted to increasingly support the recognition of
aesthetics as a primary issue under the public wel-
fare clause of the constitution. If this happens,
government at all levels will be able to better regu-
late the appearance of natural and manmade re-
sources in estuaries and their uplands. Government,
however, must take the initiative in creating new
legislation and administrative procedures to face the
test of the courts.

Now that full and open consideration of aesthetic
resources in the coastal zone has been legitimatized
by the Coastal Zone Management Act of 1972, the
lexicon of aesthetic resource management should
soon. become more familiar to officials, planners and
the public. Bias against aesthetic value determina-
tions should disappear, as criteria, standards, and

142 N.J. 1, 198 A.2d 447 (1964)
2348 U.8. 26, 99 L.Ed. 27, 75 8.Ct. 98 (1954)
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methods for accomplishing them come into accepted
use. Aesthetic resource protection and management
will surely become recognized by the courts inde-
pendent of, although reinforced with, other legiti-
mate coastal zone concerns.

It is the intent of this paper, however, to demon-
strate that new approaches and measures may be
needed to ensure timely and effective achievement
of public aesthetic objectives in the coastal zone.

Before proceeding further, a review of several
pertinent definitions will help place the discussion
in proper focus. The estuarine zone, with which we
are directly concerned heré, is defined under Seetion
104(n) (4) of the Water Quality Pollution Control
Act Amendments of 1972 as an “environmental sys-
tem consisting of an estuary and those transition areas
which are consistently influenced or affected by
water from an estuary such as, but not limited to
salt marshes, coastal or intertidal areas, bays, har-
bors...” Although the terms ‘‘transition areas”
and “coastal . . . areas” may be broadly interpreted
as extending considerable distances into adjacent
upland, it is unlikely that “estuarine zone” under
the present writing of the Act can be interpreted to
extend to the full view of estuary-related aesthetic
resources, that is, to inland coastal zone horizons
removed from consistent influence by estuarine
waters.

The coastal zone, as defined under Section 304(a)
of the Coastal Zone Management Act can be con-
sidered a more extensive entity, comprising coastal
waters and adjacent shorelands “strongly influenced
by each other and in proximity to the shorelines.”
The zone “extends inland from the shorelines only
to the extent necessary to control shorelands, the
uses of which have g direct and significant impact on
coastal waters.” Under this definition, virtually all
coastal watersheds may be included, on the premise
that runoff and water-borne pollutants and suspended
materials influence coastal waters. In many instances,
coastal watershed divides also effectively define the
limits of aesthetic resources associated with the
coastal zone, although other topographm boundaries
are often needed to delineate them.

Estuarine zone aesthetic resources are features of
estuaries and coastal lands which possess attention-
arresting perceivable values. Intangible attributes
may also be apparent and often strengthen the value
of the resource. For example, common knowledge
that marshes are essential to the estuarine food web
and that they are endangered by man’s activities
adds to the aesthetic esteem in which marshes are
held by the observer. Negative aesthetic factors are
elements which diminish the landscape value of
these resources: debris which mars a water surface,
land fill encroachment which disrupts the visual

integrity of a foreshore, or waterfront high-rise
buildings which are architecturally styled without
recognition of the inherent qualities of the estuarine
zone within which they are placed. :

Landscape management iz a broad term which
may be used to correlate four interdependent
activities affecting estuarine or coastal zone aesthetm
resources:

1) land use planning, including capability and
area use priorities;

2) site selection for development or conservation
purposes;

3) site planning of land modlﬁcatlons or facﬂlty
development; \
- 4) architectural and landscape demgn

Each of the above four categories relates signifi-
cantly to the wise management, protection, and use
of the estuarine and coastal landscape.

Resource priorities are the best purposes to which
land and water resources may be put under the
wisest use principle. The full range of terms is em-
ployed in the Coastal Zone Management Act:
preservation, protection, réstoration, enhancement
utilization, and development.

One hitherto under-recognized fact is that aes-
thetic resources, under the definitions reviewed here,
pertain to all observable manifestations of estuarine
or coastal physical resources, not simply to “scenic”
resources alone. The shift from scenic protec-
tion to aesthetic management implies a greater con-
cern for the common or ordinary landseape, with
which most people are in contact most of the time.
Moreover, with the call for standards and criteria
under both the new federal legislation and growing
state legislation, emphasis is increasingly on the
need for aesthetic protection, maintenance, or en-
hancement in all actions. Whether a physical re-
source is altered for conservation-education activity,
for dense residential-marina development, or for
large-scale facility construction, the same principle
emerges: maximum maintenance or protection of
appearance quality, i.e. safeguards even with de-
velopment. The same principle is intended for al-
ready altered or degraded resource areas; restoration
and enhancement planning is specifically called for
in the CZMA, as is attention to potential, as well as
existing coastal zone resources.

AESTHETIC RESOURCES AND
THE FACTORS WHICH AFFECT THEM

"The aesthetic resource problem in the estuarine or
coastal zone is two-fold:

a) identifying and evaluating valuable aesthetic
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resources and deciding what may be done to maxi-
mize their preservation and wisest use,

b) identifying negative aesthetie factors and what
may be done to restore the landscape-waterscape to
its fullest aesthetic potent ial.

Thé Aesthetic Resource Base

Figure 1 presents a condensed analysis of four

aesthetic resources of the estuarine zone, selected
attributes, and managerial and institutional im-
plications. It should be stressed that aesthetic re-
sources ‘can be more accurately understood as
aesthetic attributes of all perceivable resources.
The following selected resource descriptions will
demonstrate this.
, Open waters, offshore and estuanne, have im-
portant aesthetic attributes. Ocean and other off-
shore waters possess dramatic aesthetic value where
a sea~sky horizon can be perceived without interrup-
tion. Broad estuarine waters share some aesthetic
qualities with offshore waters. Natural islands falling
‘within view may enhance the overall aesthetic,
creating even greater visual drama, buf artifical
islands, offshore platforms, dredging and drill ships,
and other point elements may diminish this view, in
proportion to their randomness and proximity to
shore.

Estuarine foreshores and related edges possess
many unique and uncommon visual characteristies.
The “sea-of-grain” qualities of broad marshes of
salt-marsh cordgrass or sawgrass and the flickering
of breezes across the high marsh grasses are well-
known features to even distant passers-by. Visual
microcosms are also of aesthetic importance to both
serious and casual students of the marsh: the rushing
of a tide through a narrow inlet, or the fishing of
waterfowl for crustaceans, the nesting and feeding
characteristics of all marsh wildlife.

Nevertheless, attitudes toward marsh aesthetics,
as toward all estuarine aesthetic resources, vary
considerably according to place of residence, oc-
cupation, income, recreational preferences, age, edu-
cation, sympathy with the conservation ethic, and
even the day of the week or season—in short, on all
the socio-economic and cultural factors that help
determine attitudes and preferences of people
towards all environmental values. Standing opposite
each other, to see it simply, are the foreshore de-
veloper and the estuary: preservationist. All others
may stand somewhere between these two poles.

Analysis of these individual preferences, however,
will not necessarily contribute to a firmer under-
standing of actions needed in the estuarine or coastal
zone. Aside from the difficulty experienced by re-

searchers to date in assessing public opinion about
aesthetic values, the fact that preferences vary
frequently according to all these conditions makes
their validity problematic as a base for public long-
term land and water resource use policy.
Furthermore, in light of the new status of all
aesthetics in the coastal zone, the ordinary landscape
will require careful attention along with the out-
standing scenic assets or issue areas. The ordinary
landscape will seldom be ranked high in preference
analysis, yet it is the landscape which is most
frequented by people, and where many of their
aesthetie and recreational interests and satisfactions
are being met. With time and the greater concentra-
tion of population in the coastal zone, the ordinary
landseape will become increasingly important.

Problems and Impact Factors

GeENErAL CoNrFLicTsS BETWEEN
NATURAL RESOURCE AESTHETICS
AND DEVELOPMENT

A careful distinction must be made between de-
sign quality and aesthetic compatability of man-
made modifications of land and water resources. A
modification of the terrain (e.g. a power plant, a
Inarina, a new town) may achieve a high degree of
design quality when examined independently of the
surrounding environment, but may fail to achieve
aesthetic compatibility with the environment in one
or more ways. The development may have been
sited poorly in relation to the water’s edge or to
scenic background—instances of visual incompati-
bilities. Or the development may have intruded
into the last remaining unaltered reach of a coast-
line—an example which depicts incompatibility
with visual as well as intangible aesthetic resources
(the latter including the interest in wilderness or
rurality and a respite from the urban environment).
Aesthetic compatibility, is high, obviously, when
incompatibilities are avoided, either wholly, or to
the maximum degree. The term aesthetic resource
protection can be said to mean the minimization or
prevention of aesthetic imcompatibilities.

To a degree, therefore, aesthetic resource protec-
tion can be considered a preservationist mechanism.
The Wild and Scenic Rivers Act is one example
of legislation to prevent incompatible alterations
to the nation’s aesthetic resources. But aesthetic
resource protection is not exclusively an instrument
for preservation. Employed in a management sense,
protection of the environment against aesthetic
incompatibilites can be operative at every level of

-activity between preservation and intensive de-
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velopment. In practice, aesthetic resource manage-
ment has often been meshed with other environmen-
tal management considerations, from public policies
and guidelines for land use and development de-
cisions to state land use zoning (e.g. Hawaii),
shoreland zoning ordinances (e.g. Wisconsin, Min-
nesota), shoreline appearance and design regulatlons
(e.g. California), and strong land-use controls
(e.g. Vermont, Maine),

With the above background distinctions in mind,
the following conflicts should be recognized as being
of prime importance in the coastal or estuarine
environment.

RESIDENTIAL DEVELOPMENT

Population growth, adequate disposable incomes,

increased interest in water-related recreation, and -

in seasonal or second-home acquisition have re-
sulted in-enormous pressures for waterfront resi-
dential development in estuarine zones of the United
States. In Florida, and elsewhere, marshes and
intertidal flats have been dredged and filled to
create finger canal communities, resulting in severe
damage to estuarine ecosystems, as well as significant
aesthetic impact.

In other areas of the estuarine or coastal zone -

densely set seasonal homes with insufficient sideyards
block views to the water and present walls of monot-
ony. Condominium, multiple unit, and -cluster
development typically achieve better standards of
design and improved site layout than row develop-
ment or tract housing, but also elevate densities and
the impression of intrusien to suburban or near-urban
levels. In most cases public access to beach, bluff, or
water edges is precluded or greatly diminished with
a concomitant reduction in the public enjoyment
or utilization of these aesthetie resources.

Bluff-top development often diminishes shoreline
aesthetic value, since user desires to view water and
shoreline from the bluff are frustrated, as may be
the desires of users below the bluff or across the
water to view natural scenic heights and skyline.

Development on sand dunes, interdunal areas,
and barrier beaches seriously reduces the aesthetic
value of beach and dune resources for even distant
users, since one key aesthetic criterion of such sys-
tems is the magnitude of their uninterrupted
“sweep” away towards the long-shore horizon. The
unique geometry of windformed dunes is also lost
under development. The:general answers to all land
and water use problems are two-fold: greater exer-
cise of powers to prevent ‘the siting of development

in sensitive estuarine a*reas, and greater exercise of

- characterizes the ships and docksides.

powers to secure appropriate siting and design within
the overall site.

MARINA DEVELOPMENT

The aesthetic impacts of boating facilities in
estuarine zones are complicated. On the one hand,
most boats are of great aesthetic interest, since they
constitute functional design responses to the chal-
lenges of moving on water. They are also generally
colorful, sometimes powerful, and always part of a
fascinating tradition that began with two of man-

~ kind’s earliest livelihoods: fishing and navigation.

On the other hand, the congestion in large marinas,
exposed repair and storage structures, and parking
areas may constitute negative aesthetic factors to
many people, including boaters. The preemptlon of
marshes or of water surfaces and shorelines in small
estuarine areas may also damage the aesthetic value
of such areas in the view of conservation-interested
users. Outboard engine noise has also been considered
offensive by many. Certain recreational conflicts,
such as that between power and sail users, can also
be considered an aesthetic concern.

CoMMERCIAL PoRTS AND MINERAL EXTRACTION

Commercial navigation and ports also create
mixed aesthetic impacts. Ships and dock facilities
arouse the interest of most people. Yet the total
image of ports and port-related industry to users in
the distance may not impart a sense of high aesthetic
value. Very large crude carriers (VLCC's, or
“supertankers”’) may be impressive as a design
aesthetic, but viewing them may also trigger nega-
tive intangible reactions related to anticipations of
possible collisions and oil spills.

Most port areas also have large warehousing, open
depot, and sprawled service and equipment storage
facilities which possess little of the interest that
Floating
debris, polluted water, deteriorated wooden piers,
blighted waterfront commercial buildings, and
unattractive land uses that are unrelated to the
water (e.g. scrapyards, utilities, parking lots) also
are present in many port-industrial waterfronts.

Mineral extraction presents an aesthetic concern
to the extent that this activity exposes structures
and activities to view along non-industrial shores.

- 'The present direction of Outer Continental Shelf and

shore-area oil exploratlon extraction, transfer,

" and processing may create intense confhcts with estu-
" arine aesthetic resources if caution is not exercised

in preventing undesirable offshore or onshore pat-

‘terns along scenic coasts.
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UrBaN CENTEERS

High-rise urban development may introduce into
estuarine zones and coastal areas a number of aesthe-
tic effects other than those originating in density
and land usage as such. Height, the principal visual
attribute, can be perceived by the viewer as a
domihance of the structure over the surrounding
landscape. The higher the building, the greater the
dominance, generally. Impact may be modified by
such factors as proximity to (or setback from) the
shoreline or other vital user locations, degree of
urbanization of the surrounding landseape, elevation
of the site above surrounding terrain, building mass
and exterior architecture, color, texture;, and re-
flectivity of exterior materials, and masking vegeta-
tion and landforms. In shore areas of particularly
important scenic value, it is generally necessary to
exclude all prominent buildings or to keep the tops of

buildings close to or within the vegetational canopy

if dimunition of the existing aesthetic value is to be
avoided.

Adverse community reaction to planned or com-
pleted high-rise projects on coastal margins can
be interpreted to be largely an expression of opposi-
tion to the anticipated dominance of the project
over the landscape, as well as to the presumed
preemption of public view-space by a small group of
privileged users. The subordination of the Hudson
River Palisades by high-rise apartment construc-
tion has prompted public reaction on both accounts.
The unsuccessful 1972 San Francisco referendum
bid to bring a halt to further high-rise construction
is another example of strong public concern on this
issue.

PusLic AccEsS AND RECREATIONAL SHORELINES

The fact that recreational shoreline is severely
limited indicates the lack of satisfaction many coastal
zone or estuarine users presumably feel as they seek
out viewing or recreational access to the water.
Public viewing points on coastal and estuarine shores
are in short supply, while private ownership and
development mask many scenic vistas and other
aesthetic resources.

Public shoreline recreational facilities resolve the
lack of access, but may be afflicted with congestion
by numbers of people that exceed the capacity of
the resource to support them. Moreover, as the
Outdoor Recreation Resources Review Commission
ably pointed out in 1962, the demand for beach and
other shore recreation facilities is highest in proxim-
ity to urban centers, where supply is most often
lowest. An indication of the intensity of the demand

for coastal and estuarine access opportunities is the
growth in the numbers of saltwater anglers in the
U.8., up from approximately 8.3 million in 1965 to
9.5 million in 1970 and projected to as high as 29
million in the year 2000 (Deuel, 1973).

All of the above deseribed recreational access
interests also possess aesthetic implications, in
terms of the visual quality of access points' and
appurtenant facilities, of actual or potential user
congestion, or of the land usage barriers which block
effective access.

UTILITIES

- Power plants, because of their physical size, in-
dustrial appearance and unattractive edge qualities
(e.g., high fencing, oil tanks, coal stockpiles, and
equipment depots) are often aesthetically displeasing
to large numbers of people. In the case of nuclear
power facilities, safety questions can also' be pre-
sumed to adversely affect community attitudes
concerning aesthetic fitness, apart from stimulating
opposition on the grounds of hazard alone. In many
cases, cooling towers and their condensate pluines
have been identified as negative aesthetic factors, as
have been dredge and fill activities associated with

site development or cooling water processes.
. ,

LAND AND AIR TRANSPORTATION

Highways, railroads, bridges, causeways, and
parking facilities have major aesthetic impacts upon
estuarine/coastal zones because of their size, linear
encompassment or traversement of horizon or open
areas, and vehicular effects (noise, motion, and
exhaust fumes).

Some of these impacts may be benign, if not bene-
ficial: a well-designed bridge span over a river mouth,
for example. But many other instances are often
judged detrimental, particularly where new facilities
are introduced into sensitive or vital estuarine areas
in a natural state.

Public transportation to shore points is an under-
utilized alternative which may offer important an-
swers in the future in decreasing vehicular conges-
tion, suburban sprawl, and related impacts in
estuarine uplands.

Airports likewise have mixed aesthetic effects.
Jet take-offs and general aircraft activity may be
visually exciting, even spectacular to the observer.
On the other hand, the airport itself may appear
visually dull to the observer from an opposite shore,

-or on the land side of the facility. Aircraft noise and

jet exhausts, airport structure visual qualities, and
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airport expansion on filled marshes or mudflats may
also elicit - strong negatlve visual or 1ntang1ble
responses

MANAGERIAL IM PLICATIONS

The resource and impact definitions discussed
above suggest a summary of related managerial
issues as follows

1) Aesthetic resources and values of estuarine and
coastal zones have not been well understood or
systematically evaluated by the professional or by
the public as a whole.

2) Planning tools . for surveying, inventorying,
and evaluating estuarine/coastal aesthetic resources
need to:be more carefully. explored and used; Diree-
tion and: guida,nce for these are needed from federal
and state agencies with resp0n51b111t1es for coastal/

.estuarine management. ,

. 3) Aesthetic resources and values may be- perce1v~
able (visual, auditory, or olfactory) or intangible.
The latter is essentially an observer response to
social, cultural,.economic, or physical factors which
affect his or her conceptuahza,tlon of the resources or
values concerned, -

4) Important aesthetlc resources of the estuarme/
coastal zone include some that are specific and
unique to vital or critical areas and some that are
common or ordinary ‘within either the estuarine or
upland landscapes. The intangible or psychological
importance of the estuarine/coastal zone elevates
both beneficial or adverse aesthetlc effects to a level

-of significance.

5) Impacts may be effects on specific aesthetlc
resources (e.g. a power plant marring a scenic vista)
or effects on the general estuarine resource (e.g. a
power plant not marring any horizon or foreground,
but objectionable on the basis of the project design’s
effect on the overall-aesthetic value of the estuary).

6) The magnitude «of an aesthetic impact and
whether it can be considered negative or beneficial
or both will depend largely on the degree to which the
observed area is urbamzed—or conversely, retamed
in a natural state.:

7) Even within hlghly ‘modified or urbanized areas,
however, objects or activities which are aesthetlcally
displeasing may still not be exempted from observer
disapproval. -

8) Aesthetic mcompatlblhtles may be a ) endemlc,
1.e., spread throughout the estuarine/coastal region,
much as unregulated se¢ond-home and recreational-

seasonal housing spread; b) intrusive, i.e., created by

the introduction of non-“fitting” developments into
loeal or specific resourges; ¢) site abusive, i.e., di§-

playing poor site planning; and d) sub-standard de-
sign, i.e., in which development is characterized
by poor architectural’design quality.

9) Although some aesthetic regulation has been
validated by court test cases, other questions of
constitutionality have not yet been resolved.

10) ‘Permit and project review systems have not
absolutely prevented development in coastal/estu-
arine zones. ‘Whether the institutions responsible
for administering these systems will allow large
aggregate development will only be known in time
and in hght of pohtlcal power adjustments.

Recommendatlons for lmproved estuarine zone

‘landseape: management outlined below will be

addressed to the above-deﬁned -problems.A

'PREVIOUS AND CURRENT
GOVERNMENT PROGRAMS

" To date, a number of key federal and state pro-
grams have established important measures or
frameworks for dealing with the estuamne and
coastal landscape

‘Feder‘al vPrograms

The Water Resource Planning Act of 1965 pro-
vided for consideration of aesthetic factors in com-
prehensive water and related land resource planning.
Principles and Standards issued by the Water
Resources Council (1973) under the Act detailed a
number of criteria for weighing aesthetic values but
did not provide guidance on appearance and design
of facilities in resource areas that are marked for
development or on restoration and enhancement
questions.

The National Environmental Policy Act of 1969
provided for the identification and consideration of
aesthetic values that might be beneficially or ad-
versely affected by actions undertaken by or under
the aegis of the Federal government. The require-

ments for identification and evaluation of both

direct and indirect effects of the propesed action,
for consideration of measures that might mitigate
adverse effects, and for weighing all feasible alterna-
tives provide an incentive to project planners to ex-
ercise greater care for aesthetic values in early plan-
ning stages and a lever for adjustment under public
criticismin the post-planning stages. NEPA, how-
ever, does not provide for set criteria or standards
that would predetermine project site selection,
planning, or design. Each pro;ect is evaluated on a
case by case basis, - .

The Coastal:Zone Management Act of 1972
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expressed “a national interest in the effective man-
agement, beneficial use, protection, and development
of the coastal zone.” The coastal states are encour-
aged and assisted to define and to propose means of
control over permissible land and water uses in the
coastal zone and to give full consideration to aesthe-
tic as well as other values in the development and
implementation of management programs. The
Office of Coastal Zone Management, in the National
Oceanic and Atmospheric Administration, is ex-
pected to see that state Section 305 management
plans -contain unified policies, criteria, standards,
methods, and processes that are adequate to deal
with “land and water use decisions of more than
local significance’’ prior to continuing CZMA grant
agsistance.

Under the Act, and with the guidance of OCZM,
constructive and specific new actions may be antici-
pated on the part of the states to acquire and regu-
late land and water resources of aesthetic impor-
tance. Appearance and design regulations, permit
procedures, comprehensive planning, and protective
local and state zoning will play important roles. The
CZMA, however, is permissive in nature, and will
be effective in improving individual states’ policies
towards aesthetic resource management only to the
degree that the states are willing to adopt new
measures within their political and legislative
systems.

The CZMA provision, under Section 306(0) (8),
for adequate consideration of the ‘“national interest”
in the siting of facilities ‘“other than local in nature”
was included in the Act ostensibly to satisfy mis-
givings of the electric power industry. But the
fortunate ambiguity of this clause should offer an
opportunity for subjecting all large-scale facilities
that are proposed for coastal zone locations to all the
site selection, site planning, and design criteria en-
couraged by the Aect, rather than exempting such
facilities from them. Whlch direction W111 be taken
will be seen only with time.

Section 306 administrative grants to the coastal
states will, of course, be central to the effectiveness
of the Act. It may be predicted that a large part of
Section 306 funds will be used for acquisition pur-
poses, but it can only be speculated how much will
be earmarked for “restoration and enhancement”
purposes. Acquisition (fee title or scenic/access
easements) of presently undeveloped scenic areas is
vitally necessary, but restoration and enhancement
efforts are in many areas no less urgent, particularly
where ill-planned development has already adversely
affected aesthetie values. '

‘Another weakness of the Act is-its omission of
directives to specifically consider:multiple-use of
resources in the coastal zone, a concern recommended

by the Commission on Marine Science, Engineering
and Resources (the Stratton Commission) in 1970.
Because of this omission, it may be difficult to'en-
courage large-scale facility or large private de-
velopers to provide for scenic-aesthetic or recrea-
tional access joint objectives.

The Federal Water Pollution Control Act of ‘1972
provides for potential beneficial aesthetic impact on
estuarine waters. Many of the quality standards
required by the Act (relative to color, turbidity,
floating solids, debris, oil film, odor) are in essence
aesthetic quality standards and are at least as great
a matter of concern to the public as the Act’s
strictly biological and safety standards.

To secure desired water quality ob]ectlves, the
Act and its 1972 Amendments provide for a number
of measures designed to affect land use management
particularly under Section 208 of the Act. The level
of future growth that an area can accept and land
use densities may thus be adjusted, at least in theory,
with consequent possible aesthetlc beneﬁts ‘

Under the Act, the Corps of Engmeers ig requlred
to apply EPA criteria in the disposal of dredge spoil
in navigable waters. Although adverse aesthetic
impacts might be avoided indirectly by this re-
quirement, there is no direct attempt to guide the
Corps on aesthétic resource protection related to
spoil disposal.

Section 201(f) of the Act provides for multiple
use for open space and recreational purposes of lands
and easements acquired for waste treatment facilities
and sewers. However, the selection of flood plains or
foreshores is not speecifically excluded under the Act;
the aesthetic impact of utility construction in such
resource areas can be considerable.

The Fish and Wildlife Coordination Act of 1934,
as amended, provides the basis for comment to the
Corps of Engineers on project permit applications,
by the U.S. Fish and Wildlife Service, the National
Marine Fisheries Service, and the state in which the
project is funded. The Fish and Wildlife Service
issued guidelines in August 1974 to aid agency
personnel in reviewing applications for Corps
permits. Here too, consideration, of aesthetic re-
source protection is indirect, at best, even though
maintenance of high visual quality in marsh and
estuarine environments can be considered 51gmﬁcant
to the satisfactions of angler and hunter.

The Housing and Urban Community Develop-

‘ment Act of 1974 will provide block grants to states
-and communities for community and regional plan-

ning and development purposes. No specific guide-

lines, criteria, or standards for waterfront develop-
_ment, rehablhtatlon restoration, or enhancement

are provided. The Act as has the Housing Act since
its initial passage, thus only weakly addresses the
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need to distinguish develoﬁment and redevelopment
areas on estuarine zone and urban waterfront lands
from other urban areas.

State Programs

Recent legislative and administrative actions
taker' by the coastal states relative to aesthetic re-
sources and impacts are diverse and in many cases
highly significant. Setback and frontage tree cover
requirements are included in the shoreland zoning

_ordinances of Wisconsin and Minnésota: Appearance
and design regula,tlons are presently being developed
by California and’ its' six regional coastal zone con-
servatlon commiissions. Washington’s shoreline pto-
tection’ fegislation prov1des for the development of
county policies and régulations (Whatcom County
Planning Comm1ss1on, 1972). The state zoning of
Hawaii and ‘the strong land use control legislation of
Vermont and Maine also are producmg generally
beneﬁmal aesthetic impacts. =

'If the current’ programs of the coastal states were
assessed, it would appear that thereis a definite trend
towards greater use of shoreline regulations, with an
emphasis on permit and approval procedures, some
emphasis on' state-wide zoning, and httle emphas1s
on acquisition.

Since all felevant federal legislation depends to one
degree or another on state programs for effectuation,
it may be observed that some states may meet or ex-
ceed expectations implicit in national legislation if
this trend solidifies. On the other hand, permit and
approval frameworks provide only partial, rather
than absolute, protection’ to resource areas. The
degree of effective area protection will depend on the
degree to which permit applications are denied; even
a low percentage of approvals can result in s1gmﬁca.nt
incremental urbanization of & presently natural area
in time. The degree of effective site planning and
design management, however, will be dependerit on
the degree to which permit approval conditions,
building codes, zoning ordinances, and related tools
are refined to reflect aesthetic resource protecblon
needs, under any nanagement system.

Both the CZMA and the anticipated national
land use policy legislation, the former with regard to
“greas of particular concern” and the latter with
respect to “critical envirorimental areas,” urge the
states to adopt measures for ~the ‘protection of
unique areas, but there is no assurance that‘these will
constitute large proportions of the estuarine/coastsl
zone, or that they 'will constitute preservation-
priority areas rather than conservatlon-mth-toler-
able-development aréds.’

With regard to dévelopment within urban aress,

little state legislation exists which provides more
significant guidance on waterfront aesthetics than
the minimal provisions of the Housing and Urban
Community Development Act.

RECOMMENDATIONS

The character of estuarine and coastal aesthetic
resources, impact factors, planning and management
requirements, and shortcomings of existing legisla-~
tion point to the need for improvements in the
followmg areas of estuamne landscape management
concern

Land Use Plannmg/Area
Use Prlontles

1) A na,tlonal pohcy -and program is needed for
preservation of significant estuarine and coastal
landscapes that express their highest aesthetic,
cultural, or historic value in their present state and
aré not adequately protected under existing legisla-
tion. Where states have not adopted legislation to
preserve or adequately conserve significant wetlands,
bluffs, islands, beaches, headlands, and other im-
portant natural aesthetic resources, the Federal
government should be empowered to consider direct
action to protect them.

2) The EPA should develop detailed aesthetic
criteria in review of discharge effects under the
Pollutant Discharge Elimination System so that it
can better respond to visible water quality param-
eters as well as invisible parameters which in-
directly affect estuarine aesthetic quality.

3) Both the federal ‘and state levels should be

assigned specific responsibilities for aesthetic review

in connection with the Corps of Engineers permit
program, either under new amendment to the Fish
and Wildlife Coordination Act, or under new legisla-
tion.

4) New legislation is needed to express the na-
tional interest in the proteetion and management
of aesthetic resources on a par with the national
interest in other resources such as water, air, and
land. The new legislation should assign primary
coordinating responsibility to a single lead federal
agenéy. Serious consideration should be given to
naming the National Park Service to this post with
an-appropriate new congressional mandate.

5) New policies and compensatory mechanisms
are needed to enable states to retain whole areas at

-given levels of development or at no-growth. In some

parts of some states; such areas may be regional in
character. Although the difficulties are severe, the
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needs exist, if a diversity in coastal landscapes is to be
maintained.

Site Selection

1) Legislation governing the selection of sites for
large-scale facilities should be amended to require
specific consideration of alternate locations situated
inland of all significant estuarine landscapes, particu-
larly those which also possess important ecological
or cultural characteristics.

2) Federal legislation governing estuarine sanctu-
aries should be amended to provide for the acquisi-

tion or other protection of estuarine as well as re-’
lated upland areas of significant aesthetic, as Well ag-

scientific and educational, value.
3) Under the CZMA, states should institute
conditional permitting based on site planning and

design performance standards, for des1gnated per—

missible uses.

Site Planning and Design

1) Federalllegislation governihg housing, urban,

community, and rural development should be
amended to require the adoption of guidelines,
criteria, and standards for development, redevelop-
ment, and rehabilitation of areas in proximity to
waterfronts. Sueh legislative changes would relate
to inland riverine as well as to estuarine zone lands.
River corridor and estuarine zone boundaries should
be delineated within existing jurisdictions, urban
and non-urban, to demarcate the areas within which
the waterfront related provisions would apply.

2) Substantial funding for waterfront related re-
habilitation, as well as for restoration and enhance-
ment of natural or semi-developed areas within the
estuarine/coastal zone should be appropriated under

government programs specifically earmarked for:

this purpose. Funding for these needs could be ag-

gregated with HUCDA block grants and CZMA

Section 306 administrative grants, but the need for
significant action in rehabilitation, restoration, and

enhancement points to the desirability of 1ndepend—
ent and earmarked program elements. g
3) Provision should be made for further research _
consideration, and adoption of landscape assessment,
site planning, and design criteria’and standards for
the estuarine and coastal zone. Criterid and stand-
ards for the management of aesthetic resourees
which are of national interest should be granted
highest priority in federal, federal-state, and local
programs. Further research and development of
methods for inventorying and evaluating aesthetic
resources should also be conducted. Federal programs

‘should guide the states more specifically in develop-

ing appearance and design guidelines, criteria, and
standards to include variable setback and height
controls; (variéd to relate to’ ’copogra.phy, shore con-
figuration, and. .other aesthétic considerations),
multiple-use coneepts (use of utility and other facil-
ity edges), aesthetic zone priorities (adjustment of
siting and design standards in relation. to. the. m::‘\
trinsic wildness or urbanization of & gwen +esotres
area), and other concerns.

Federal and ‘state atithorities “with ' jufisdiction
over the siting and’design of offshore structures and
artificial “islands should ' be ‘ encouraged throuch
legislative amendment to develop’ sultable appear-

ance standards for such famhtles
LK
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RECREATION ACTIVITIES
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'ABSTRACT .

i

Determinants of recreation activity aré discussed and justification for the provision of recreation
services by the public'sector outlined. After reviewing the availability of data and other studies
pertaining to recreational use, projections of recreation demand are made for selected setivities.
Economic models based upon: g 1972 national recreation survey serve ag the basis for this effort.
The implication of these foreéasts for the nation’s estuarine areas is evaluated and policy recom-

- mendations, based on this analysis, are provided,

LS 2 IE SN

Signifieant portions of the nation’s outdoor recrea~
tional activity are either water based or water re-
lated. The latest National Recreation Survey found
that over 38 percent of total outdoor recreational
hours in the summer of 1972 were spent participating
in water related activities (see Table 1). As a result,
recreation has become a major use of our nation’s
water resources. o o

A substantial portion of the water area available
for recreation is encompassed by the estuarine zone.
Moreover, the location of the zone in relation to
major population centers has made it an increasingly
valuable resource. Yet, 59 percent of the area, ex-
cluding Alaska, remains undeveloped and over 70
percent resides in private ownership. About 25 per-
cent is currently used for recreation (U.S. Depart-
ment of the Interior, 1973). This is one reason the
nation’s estuarine areas have become an important
consideration for publie policy. Preservation of un-
developed portions of this resource for future recrea-
tional use will require public action. The extent and
mechanism for such action must be decided in the
political arena. co :

But why public and not private action in allocating
the use of a resource like our estuarine areas? A
number of factors are involved. We will review only
several of the prinecipal features. First, because access
to natural areas by the public is often difficult to
control (at cost acceptable to a profit making en-
terprise), public provision and control may be re-
quired. Difficulty in extracting a price for the use of
some areas like estuaries has often discouraged
private sector action to develop or preserve. Second,
because of the profit making motive, resource alloca-

3ot

tion by the private sector will often emphasize short
term monetary returns at the expense of long run
environmental or social considerations. Third, so-
ciety’s preferences with regard to eonsiderations like
environmental quality may not be profitable for the
private sector te provide. Consequently, govern-
ments may be called upon to correct the situation.

However, when public action to correct private
market failure means public provision, the self-
balancing of supply and demand provided by the
private market is largely lost. Price incentives are
weakened and, as a result, information feedback to
governmental decisionmakers is curtailed. Without
information, public recreational programs may be
no more responsive to social demands than the
private market alternative.

As a consequence, if public intervention is to
provide results which are socially more optimal than
those obtained under conditions of non-intervention,
public decisionmakers require an adequate informa-
tion base and the appropriate utilization of that
base for analytical purposes. Unfortunately, histori-
cal data relevant to the estuarine zone-recreation
interface is almost nonexistent except for a few
geographic areas. Consequently, any analysis of the
problems and possibilities from a national viewpoint
starts from a decided disadvantage. On the other
hand, the literature on recreation economics has
continued to develop a sound methodological frame-
work for public policy analysis (Kalter, 1971) and
the data base of national recreation statistics has
continued to improve. From this background, im-
portant factors determining recreational activity,
both in general and for specific areas like estuaries,
can be adjudged. A discussion of these factors will
be the initial task of this paper. Then, available

- 83
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Table 1.~Percent of national recreation survey who participated, estimated
total U.S. participation, average hours of participation, and estimated total
hours of U.S. participation by water related activity in the summer quarter

of 19722
Percent of NRS Estimated total U. 5.
Activity respondents who participation
participated (miltions of act. days)
Other Swimming Qutdoor
Non-Pool)_ o oo 34 ’ 487.1%
Fishing. 24 278.2%
Pool swimming...__.oooueaeaaao.] 18 257.0%
Nature walks_ oo craecannd 17 148.9
Other boating_ . oo 15 126.1
Water SKilng oo emo e 5 54.1
Canoeing. 3 18.3
Sailing. 3| 32.5
i Estimated tofal hours
Activity Average hours of U, S. participation 2
of participation {millions of activity
Lo hours)
Other swimming outdoor
(Non-Pool)..... ..o _________.] 2.6 1,266.46
Fishing. 4.4 1,224.08
Pool swimming. - eeeeemeeeeao 2.8 719.60
Nature walks. _ _.oeovoeeeooo ] 2.0 297.80
Other boating. . __________] 2.8 353.08
Water skiing. . ____._.____] 2.6 140.66
Canoeing. 2.3 oA
Sailing 4.4 143.00
Total.... 4,186.77

*Statistically reliable within 10 percent,

1 gxcludes wildlife and bird photography, hunting, camping and other activities that
may be water related.

2 Total for all activities surveyed equaled 10,978.15 million activity hours.

Source: Adams, R. L., et al., Outdoor Recreation: Appendix “A”, An Economic
Analysis, U.S. Department of the Interior, December 1973.

empirical evidence will be used in an effort to evalu-
ate the role of the nation’s estuaries as a component
of recreation supply, and the impact this role has on
the economy.

DETERMINANTS OF
RECREATION ACTIVITY

Actual recreational ac¢tivity at any time is the
result of interactions between consumer demand and
available facilities. The resulting activity requires
the participants to make outlays for associated
expenses. This cost (or price) includes items like
travel and lodging, as well as user fees at the recrea~
tion site. Unlike a private market situation, however,
the resulting conditions may not imply market clear-
ing in the case of publicly provided facilities. That is,
some demand may not be satisfied (at a given quality
level) even though ¢onsumers are willing to under-
take the necessary costs. This stems from the lack
of proper market signals and government response in
adjusting the supply of public facilities. ‘ ,

These conditions are illustrated in Figure 1.

Recreation demand, DD, exhibits the normal in-
verse relationship between price and quantity (all
other factors taken as given). When recreation facili-
ties are publicly provided and admission fees ‘are
administratively determined, however, the average
price, P, to a group of participants can remain stable
during any given period of time. Since supply is also
publicly provided and the quantity available during
a given period depends on budget considerations,
the recreation supply function can be shown as
inelastic with respect to price. Thus, if public in-
formation is accurate and budget decisions are
responsive; market clearing can take place. The
supply function SS reflects this somewhat fortuitous
circumstance. On the other hand, if government
planners have inaccurately analyzed the demand for
facilities at P, or if budget processes do not permiit
investments in facilities to point S, then a situation
like that shown by the dotted line S!St will result.
With an administrated price of P, a facility shortfall
of S-S will occur. Conversely, an over supply ‘could
develop if facility supply is developed beyond 8.

Demand

Recreation demand (the functional relationship
between quantity desired and socioeconomic factors)
is, for the most part, influenced by the same factors
influencing the purchase or use of other goods and
services. Thus, an individual’s demand for recreation
relates to the costs (monetary or others, such as
time) ‘incurred .to participate, his tastes and pre-
ferences, his socioeconomic characteristics (which
may affect preferences), and the availability and
cost of -alternative goods, services, or uses of fixed
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FIGURE 1.—Hypothetical recreation demand-supply relation-
ships.
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budgets (money, time and energy). Demand for a
partleular type of recreation or for a particular rec-
reation facility depends on these factors as they
relate to a given population and to the size of that
population. In addition, quality factors will in-
fluence the shape of the demand functlon for specific
sﬂ;es and/or types of recreation.

quand functions have been estimated, based on
past experience, for individual recreation sites as
well as for market areas. Functions detrived with
reference to specific locations have a variety of
,potentlal uses, such as_developing and evaluating
recreation expansion plans at the site (Clawson and
Knetsch '1966) . Theyz however, do not. usually
provrde adequate data. for, comprehenswe recreation
planning | at the national or reglonal level. Account
needs to be taken of overall market demand and the
competition, for ‘that demand from-alternative s1tes
(Kalter and. Gosse 1969). As “will be pointed out
;below, the questlon of alfernatives may be critical
in. revwwmg pohcy demsmns relatmg to recreatlonal
use of eetqanes : ’ _ ,

Supply s

o
R 4

. Faclhty supply, or more broadly, recreation. site
capacn;y, is.the balance Wheel to-the demand side of
the recreation plcture It, however, is " difficult to
define in a manner cons1stent with. normal measures
‘of use. Whereas recreation use has traditionally been
defined in. terms of time. (v1s1t0r days at a site or
activity days of . partlclpatlon in a given type of
recreation), capacity is basically the ability to ac-
commodate partlclpants Thus, capamty can vary for
a given site due to 1ntens1ty of use. Moreover, since
capacity cannot be stored for future use, we can
only speak of instant capacities (the ability to ac-
commodate use at a given moment in time). Thus,
we often encounter the phenomena in recreation of
having capacity deficiencies on weekends and heli-
days while maintaining extensive surplus facﬂmes
during the work week.

Of equal importance in measuring capacity are
two other factors. First, the quality of a recreation
experience offered by management of a given srea
can cause substantial variations in its capacity. For
example, if one aspect of quality (crowding) is
permitted to deteriorate, capacity of an area can be
increased, though not necessarily at a linear rate.
Although “quality” is a subjective factor determined
by individual preferences, that will not be its use
here. Rather, we seek to identify a set of character-
istics which can be used-to group sites into categories
for analysis. Ind1v1duals may have different prefer—
ences among such &' cIas31ﬁcatlon Second, " site

capacity (at a given quality level) is related to the
activity mix at the site. The existence and timing of
compléementary and competitive dctivities can affect
the overall capacity of a site.

Thus, site capacity has been an elusive concept
from; a definitional point of view. From a public
planning viewpoint, however, definitional problems
translate to analytical problems. The need to pro-
vide a linkageé between demand and supply (ca-
pacity) is basic to decisions concerning public in-
vestment in the quantity and quality of recreation-
related facilities. Estimates of the value reldted to
provision of additional capacity or of changes in the
quality of existing capacity cannot be used in a
benefit-cost decision framework without knowledge
of the"relationship between capacity provided and
various levels of resource inputs.

"Two technigues have been suggested and used for
translating physical measures of area and facilities
into economic eapacity. First, physical standards
have often been used by public agencies. Such stand-
ards identify the magnitude of physical areas and
facilities needed to provide a recreation experienece,
at’a given level of quality, for a given number of
recreation or activity days. Because standards
relate to average rather than marginal values; a
preferred approach would take account of the non-
linearities involved. Thus, the traditional produetion

function has been suggested as a second means for

relating capacity to the cost of resource inputs (land,
labor, and ecapital). Empirically estimating such
functions, however, suffers from the same definitional
problems raised earlier and the additional practical
problem of holding quality constant for estimation
purposes. Progress in quantifying supply concepts,
by either method mentioned, has not progressed as
rapidly as work relating to demand

Recreational activity
and quality factors

The role of quality in ‘determining recreational
detivity was only referred to brieﬁy in the previous
sections. The term “quahty” is a sub]ectlve and
somewhat elusive factor in the economic equation.
It relates to both the concepts of supply and demand.

"The economist normally considers separate demand

r'elationshi'ps relevant for each level of quality of a

“given product or service. The physical representa-
“tion of quality, then takes place on the supply side
_ of the equation.

The physical characteristics relating to the quality

‘of a water-based “outdoor recreation site can be
natural” or manmade. Surroundings, facilities, in-

tensity of site visé; and water quality, itself, all are
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characteristics which permit a subclassification of
water-based recreation sites by quality. Each of
these ‘factors may, itself, be complex in makeup.
For example, water quality is usually considered a
composite of many factors (i.e.,, BOD (biochemical
oxygen demand), nutrient levels, turbidity, et
cetera). In addition, non-site quality factors can
affect one’s perception of the overall recreation
experience.

Available studles

Stidies of- outdoor recreatlon demand relatmg to
a given population area are relatively rare (Kalter
-and CGosse, 1969; Cicchetti, et al.,, 1969; Adams,
et al., 1973). Unlike the demand for most goods and
services, the demand for recréation is heavily de-
pendent on transfer costs (costs of reaching and
departing a recreation site) and is,” thus, linked
spatially with the site of purchase. The site has,
therefore, become the natural foeus for data collec-
tion and analysis. On the other hand, market or
population oriented demand studies must be based
‘on data collected from a sample of the entire relevant
population, rather than those who visited certain
(or even a sample of) recreational sites. Not only
-are such data collection efforts normally not directed
at the immediate needs of a particular agency, they
are expensive to carry out.

The dilemma is obvious. For most policy work at
the national level, market oriented efforts are de-
sirable. Yet they are empirically difficult and ex-
pensive. Moreover, the resulting specificity often
turns out to be at a higher level of aggregation than
desirable for some applications. It is precisely this
problem which plagues analytical work regarding
recreational demand for the nation’s estuaries.
Individual estuary areas may differ to the point
where extrapolation from specific site oriented
studies can lead to erroneous conelusions for national
policy. Yet the market oriented studies which have
been carried out do not permit the isolation of
demand related specifically to estuarine areas nor
show the trade-offs between these areas and alter-
native supply possibilities.

On the supply side, the data base is even thinner.
Supply inventories have been conducted as part of
previous national recreation surveys (ORRRC, 1962;
U.S. Department of the Interior, 1973). The con-
ceptual and’ definition problems discussed above,
however, have made the data difficult to interpret in
practice. In one instance the data has not even been
compiled or released by the government (U.S.
Department of ‘the Interior, 1973). The principle
involved is critical to formulating proper public

policies since supply, as well as demand, data is
needed if the trade-offs among alternatives are to be
properly evaluated.

Because of the difficulties involved in quantifying
quality factors, many analytical efforts have as-
sumed away these issues. Since quality considera-
tions relate to more than just the site itself, this has
been an easy out. The complexity of adding elethents
such as road conditions and other similar factors,
which also affeet the quality of the entire recreation
experience, . clearly has argued ‘for this course of
action by early researchers.

In pioneering research, Stevens (1966) attempted
to alter this approach by investigating the relation-
ship between recreation uses and water quality. In
essence, his approach assumed that a change in
water-quality would result in @ shift of the demand
relationship for a particular recreational :activity
using a water resource: Thus, separate demand
relationships would exist for different -degrees of
quality in a recreation experience. Recognizing that
factors other than water quality are involved in the
quality issue, he, nonetheless, chose to ignore those
factors as a first approximation. Using quantifiable
variables: as proxies for water quality, he showed a
positive relationship between water quality and
recreation use.

Subsequent studies have bullt upon this effort by
the addition of other variables as measures of water
quality and of environmental characteristics en-
countered in other aspects of the recreation experi-
ence. Fach has confirmed the basie hypothesis that
a relationship, which is not necessarily linear, exists
between factors often felt to be proxies for recreation
quality and the degree of recreation activity at a par-
ticular site (Davidson, et al,, 1966; Megli and
Gamble; Nathan, 1969).

Yet no clear concensus emerges as to the exact
relationships involved in all cases. For example, one
study indicates that threshold levels of water
quality exist below which no recreation use of a
given type will take place and that these threshold
levels may vary for different activities (Nathan,
1969). Another study was unable to confirm such a

hypothesis (Megli and Gamble).'As a result of such
issues, the technical literation on recreation quality

has not developed to the point where it is useful in
a public planning context. It has, however, provided
insights into the relationships involved.

THE ECONOMIC VALUE -

OF OUTDOOR RECREATION

- Prediction of recreatlon attendance, although
useful does not give an indication of the economic
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value derived from a particular resource or permit
comparison with alternative uses of that resource.
To fully evaluate the recreational use of resources,
governmental decision makers need value informa-
tion. To realize recreational benefits, an economic
cost must be incurred for facilities and other in-
vestments. For- example, water quality improve-
ments normally require extensive capital investment
programs by the public and/or private sector. To
ascertain which resource use provides the, greatest
benefits and, thus, to determine which type of
public policy is most desirable from an economic
efﬁcieney perspective, the economic value of alterna-
tive uses is required.

" Measurement of: the- prlmary economic Value
stemming from outdoor recreational facilities or
services follows naturally from the attendance
prediction models discussed above. Both site oriented
and market oriented demand relationships can be
used for imputing monetary values to recreational
activities undertaken as a result of a specific pub-
lic policy action. In other words, methods have
been devised for estimating the willingness of con-
sumers to pay for participation if it were actually
sold in a market place. For example, if public policy
-actions result in changes in water quality which in
turn increase recreational uses of a particular site,
estimates of the value of that change to consumers
could be derived from an appropriate demand re-
lationship and compared to the costs necessarily
incurred to bring about the change. The potential
value of such estimates goes without saying.

AVAILABILITY OF DATA
INDICATING THE DEMAND

FOR OUTDOOR RECREATION

IN NATIONAL ESTUARINE ZONES

Little has changed sinee publication of the 1970
“National Estuary Study” which reproduced a
quotation from an even earlier 1966 study by
Spangler:

The present statistics on national expenditures on ocean
recreation are in such a sad state that estimates for these
activities in the United States range from $50 million
in 1964 according to one source to an estimated $3.86
billion in 1964 for another.

- part of this 72-fold discrepency is due to the fact
that statisties on expenditures for fishing, swimming,
boating and related equipment do not distinguish' be-
tween marine oriented activities and inland oriented
activities in streams and lakes (U.8. Department of
the Interior, 1970, pp 25—26) Y

The ‘“National Estuary Study” goes on to point out
that secondary expenditures on outdoor recreation
in estuarine zones are even more difficult to assess.

Unfortunately, this state of affairs represents much
of our data base regarding estuarine areas. As a
result, in order to derive quantitative estimates of
the amount and likely changes in outdoor recreation
demand in estuarine zones, this paper is forced to
depend on data which were not collected for this
specific purpose. Available data will allow us to
observe changes in such patterns in only a most
generalized and cursory manner.

PATTERNS OF DEMAND N
FOR OUTDOOR RECREATION IN

»NATIONAL ESTUARINE ZONES 1972-1978

As 1ndlcated above for natlonally orlented pohcy
analysis demand func’cmns relevant to population or
market areas would be: meost germane. Given the

‘availability -of- such. estimates, a spatial allocation

procedure which considers all potential recreation
areas where the specific activity can take place
must be used to isolate the impaet on a given area
(such as estuarine zones). The allocation procedures
permit forecasts of recreational travel patterns,
given knowledge of site capacities, travel costs, and
the factors affecting consumer demand (Tadros and
Kalter, 1971).

Recent analyses provide information on the de-
mand functions for specific outdoor recreation activ-
ities in a market context. Used in conjunction with
actual and forecast values of the independent varia-
bles which are assumed to cause changes in recreation
demand, these functions can be used-to forecast
recreation use under the assumption that an ad-
equate supply of facilities will exist. Future growth
rates under alternative assumptions concerning
price and other independent variables can, thus, be
obtained. These rates will pertain to the actions of
population groups and not to specific facilities Where
recreation services may be provided.

When used in conjunction with data on faclhty
capacity and travel patterns, public decision makers
have information that can be used to formulate
policies which. would avoid serious misallocation of
limited investment capital. The result could be
actions to provide additional facilities of a specific
type in a given geographie area or ones which would
restrict the demand focused on such areas. Cost-
benefit evaluations of specific proposals would be
facilititated by the data provided. Unfortunately,
the necessary data -and models pertaining to travel
patterns and facility utilization have not been

derived for activities pertinent to our nationt’s estu-

aries.
Consequently,, ‘We are forced to a second best
solution. Namely, we must use information on rele-
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vant demand functions to gain insight into future
growth patterns and facility needs of estuarine areas.
In a study by Adams, et al. (1973), demand equa-~
tions were estimated, using recent (1972) data, for
17 outdoor recreation activities. For each activity,
demand relationships for three types of recreation
occasions (vaecations, trips, and outings) were de-
rived. These equations were then used to estimate
demand during the summer of 1972 for each of the 17
activities by the populations in 171 separate geo-
graphic areas, called BEA economic areas, which
together encompass the entire area of the cortiguous
48 states. The BEA economic areas are delineated by
the Regional Economies Division, Bureau of Eco-
nomic Analysis, United States Department of Com-
merce. Forecasts were then made of the demand
generated by the 'population of each area for each
activity in the summer of 1978. These forecasts were
based upon projections of the 1978 value for inde-
pendent variables, like population, income, age, et
cetera, and the estimated demand coefficients for the
activities.

Of the activities analyzed, those which ate- par-
ticularly relevant to a study of recreation demand in
estuarine zones are ‘“fishing,” “water skiing,”
“other hoating” (boating other than water skiing,
sailing, or canoeing), “other swimming outdoors”
(all outdoor swimrhing not taklng place in swmunmg
pools), and “nature walks.” Sailing or canoeing were
not studied because the estimated demand equations
were not statistically significant. Unfortunately,
although the Adams, et al. study does permit estima-
tion of the demand generated by specific population
groups, it does not estimate where these people
would go to satisfy their demand (given available
facilities and costs consistent with those used for
the demand forecast). Thus, we cannot say how
much of the demand is currently focused on estuary

_resources and how much utilizes alternative sites.
Moreover, the optimal type and distribution of
future supply locations is Well beyond the scope of
available data.

Despite these shortcomings, useful information
can be gained by analyzing the present and future
demand for outdoor recreation activities normally
associated with estuarine resources. Specifically, if
we agsume that the existing pattern, and changes in
the future pattern, of demand generated by the
population groups immediately adjacent to the
nation’s estuaries will reflect demand for estuarine

resources, 1t is possible to arrive at a general picture
of:

1) which type of recreation services capable of
being provided by estuarine resources are currently
in greatest demand;

2) which specific estuarine zones currently re-
ceive the greatest demand;

3) which type of recreation services capable of
being provided by estuarine resources are likely to
receive the greatest growth in demand in the near
future; and

4) Whlch specific estuarine zones are llkely to be
the focus of the greatest increases in demand in the
near future.

The remainder of the analysis presented below re-
flects these assumptions.

“Table 2 provides a list of the 36 BEA areas whlch
are adjacent to the estuarine zones of the contiguous
United States. The area surrounding the Great
Lakes was not considered to be an estuarine zone.
Figure 2 is a map showing the location of each BEA
area listed in Table 2. All BEA areas in Table 2 are
grouped into their respective census divisions.

Table 2 shows, for each BEA area adjacent to an
estuarine zone, the population in 1972, the quantity
of each activity (days) demanded by the BEA area

Table 2.~Summer of 1972 and percentage increase by the summer of 1878in the
quantity of selected outdoor recreation activities demanded by populations in
BEA areas adjacent to national estuarine zanes

1372 Population Fishing
BEA area (Thousands)z| Percentage Activity Percentage
increase? days increases
(Thousands)
New England:

" 1 Bangor, Maine...__._] 255.5 5 301.4 7
2 Portland, Maine___._ 599.7 10 692.1 13
4 Boston, Mass,.-...—._ 5,182.3 10 5,954.0 12
5 Hartford, Conn....._] 2,435.9 11 2,804.1 14

8,473.4 . 9,751.8

Middle Atlantict

14 New York, N.Y.._.... 15,010.6 . 9 12,688.1 12
15 Philadelphia, Pa._.-._] 5,935.9 8 6,301.2 11

20,946.5 18,989.3

South Atlantict

17 Baltimore, Md..__.__ 2,169.4 9 4,904.4 | 11
18 Washington, D.C. 2,501.1 12 5,814.1 14
21 Richmond, Va._...._] 822.8 10 1,852.8 12
22 Norfolk, Va.._._ 974.1 4 2,256.5 6

23 Raleigh, N.C.___..__ 1,282.6 4 2,820.0
-24 Wilmington, N.C._.._] 380.4 3 883.2 4
30 Florence, S.C,——.._.._ 306.4 4 642,4 5
31 Charleston, S.C...___ | 331.1 5 758.0 7
33 Savannah, Ga.__..._J 327.9 5 718.6 6
34 Jacksonville, Fia, . §49.8 |’ 9 948.3 10
35 Orlando, Fla,.... J 784.6 14 1,822.8 15
36 Miami, Fla..._ 4 2,098.5 13 4,700.0 15
37 Tampa, Fla....._ - 1,533.3 10 3,392.7 12
38 Tallahassee, Fia, - 282.0 11 629,2 13
39 Pensacola, Fla....... 300.0 5 728.8 [

14,964.0 | 32,872.9

East South Centralt e

137 Mobile, Ala._..__._] 561.1 8 1,266.7 9

5611 - - 1,265.7
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West South Centrali
138 New Orleans, La. 1,675.5 8 3,692.0 10
138 Lake Charles, La.___] 567.5 -3 1,315.2 4
140 Beaumont, Tex....._.| 318.1 10 733.1 1
141 Houston, Tex.._____.| 1,895.5 ’ 13 4,499.5 13
142 San Antonio, Tex......| 958.3 5| 2,383 7
143 Corpus Christi, Tex... 390.3 3 980.2 .4
144 Me, Allen, Tex.______| ) 258.2 1 638.7 2

X 6,063.4 f 14,200.0
Pacifict ' .
155 Seattle, Wash.._____| 1,939.4 10 3,680.3 12
157 Portland, Ore.. - 1,351.6 10 2,517.8 12
158 Eugen, Ore... i 437.0 5 829.9 7
164 San Diego, Cal 1,128.7 -10: 2,1%6.4 | - 12
165 Los Angeles, Cal.. < 8,654.5 13§ 15,690.8 15
170 Eureka, Cal....._._ | 99.3 7 '186.7 8
171 Sah Francisco, Cal... ] 4,268.5 B - 28140 """ 15
32,815.9
R +:109;995.4 .|
RN - - Water Skiing . ., - Other ‘Boating . , .
«- + BEA area:* - Activity / | Percentage | - Activity Percentage
. . days ificrease’ days’ increases
v 4 ..} (Thousands)4| oo o+ (CThousamdsy | < . i
New England!

1 Bangor, Maine... 51.0 10 153.3 12
.2 Portland, Maine.. j 125.7 7 309 | 18
.4 Boston, Mass..... 1,381.8 200 3,381 20

5 Hartford, Conp._, £44.6 21 1,593.97) 2

2,203.1 5,551.2
Middle Atlantict }

14 New York, N.Y._ 2,933.6 27 7,298.2 24

15 Philadelphia, Pa. 1,250.8 23 3,390.2.| 21
4,189.4 10,688.4
South Atlantict

17 Baltimore, Md.......J 985.0 16 1,835.3 18
18 Washington, D.C._____ 1,366.0 20 2,483.8° 23
21 Richmond, Va.. .. ... : 341.8 17 652.4" 20
22 Norfolk, Va.. 418.5 10 788.8 13
23 Raleigh, N.C._._.. 476.6 9 925.5 13
24 Wilmington, N.C._. 1585 7 290.6 10
30 Florence, S.G.___ 98.8 g 194.9 13
31 Charleston, S.C... 134.5 10 254.2 13
33 Savannah, Ga.._____| 120.5 10 234.9 13
34 Jacksonville, Fla....... 366.7 1 703.3 17
35 Orlando, Fla._. 364.9 19 711.6 22
36 Miami, Fla.___..__._] 934.5 21 1,822.5 2
37 Tampa, Fla._.._......| 610.5 16 1,282.5. 19
38 Tallahassee, Fla. 111.2 17 216.7 20
39 Pensacola, Fla.._.._] 141.3 ' 9 267.3 12

6,622.3 . 12,664.3
East South Centralt Do
137 Mobile, Ala.._._.....] 223.6 13 432.4. 16
o 223.6 432.4
West South Centrall
138 New Orleans, la.__...| 671.0 15 1,278.9 +{ . 19
139 Lake Charles, La. 224.3 8 420.1 12
140 Beaumont, Tex._ - 137.7 16 263.7 -19
141 Houston, Tex._.. . 931.1 19 1,721.3 22
142 San Antonio, Tex..._. 462.0 n 853.3° 15
143 Corpus Christi, Tex, __| 194.0 7 352.5 11
144 Mc Allen, Tex.....___| 118.41 5 210.4 10
B H
2,738.5 §,106.2
Pacifict -
155 Seattle, Wash.__.___.| . 985.7 10 1,616.7 19
157 Portland, Ore: 636.1 8 1,101.3 16
158 Eugene, Ore._..._.___| | 198.5 3 349.1 1

89
164 San Diego, Cal..._____ 574.3 10 935.6 19
165 Los Angeles, Cal, 4,249.3 - 15 7,019.6 23
170 Eureka, Cal...__ -44.8 5 77.6 14
171 San Francisco, Cal. 2,137.5 15 3,502.7 23
8,826.0 14,602.6
Total o] 24,802.9 49,045.1
‘Other swimming Nature walks
" BEAarea Activity Percentage Activity Percentage
b - days - increase® days ,increases
(Thousands)t (Thousands)*
.New England? * | ) : .,
*1" Bangor, Maine____.....| 987.1 B 169.6 10
-2 Portland; Mai ¢ 2,350.2. V12 414.5 15
:4 Boston, Mass. 21,656.4. L 13 - A029.1 17
5 Hartford, Conn.. . 10,057.8 15 1848.1 18
L L . -35,052.5 6,461.3:
Middle Atlantic? - o . )
14 New York, N.Y......| . 48,353.4 | 15 9,125.4 19
15 Phifadelphia, Pa.____| 23,068.0 13 4,248.9 16
, C 71,4214 13,374.3
South Atlantict S |
17 Baltimore, Md 6,234.4 13 1,460.2 16
18 Washington, D.C. 8,438.2 18 1,988.4 20
21 Richmond, Va._ 1,282.0 15 489.6 17
22 Norfolk, Va._ 2,803.8 8 £58.9 10
23 Raleigh, N.C.. 3,230.8 8 719.2 9
24 Witmington, N.C 1,011.3 6 2.7 7
30 Florence, S.C.. 679.6 8 147.4 9
32 Charlestan, S.C. 911.0 3 207.4 10
33 -Savannah, Ga, .. ,822.4 1. 8 188.3 10
34 Jacksonville, Fla 2,424.1 12 562.9 14
35 Orlando, Fla... 2,328.2 17 544.7 18
36" Miami, Fla.. 5,867.0 )] 1,458.4. 21
37 Tampa, Fla..._.____.| 3,957.5 12 949.2 16
38 Tallahassee, Fla...._] 744.3 15 167.9 17
39 Pénsacola, Fla....._J4 926.5 8 212.0 10
o 42,6611, 9,976.2
East South Centralt *
“137 Mobile; Ala.. ... 1,504.9 11 347.2 13
1,504.9 3a7.2
West South Centraht ‘
138 New Ofleans, la...__ | 4,489.3 13 1,047.2 15
139 Lake Charles, La...._| 1,500.6 7 343.2 3
140 Beaumont, Tex. * 899.7 14 212.0 16
141 Houston, Tex.._ 5,951.9 17 1,410.7 19
142 San Antonio, Tex.... .| 2,987.2 9 705.2 i1
143 Corpus Christi, Tex. - 1,253.1 6 295.2 8
144 McAllen, TeX._..____.] 4.7 4 171.3 5
s 17,866.5 4,194.8
-Pacifict . ) : )
155 Seattle, Wash.......__ 6,953.7 13 3,026.0 15
157 Portland, Ore.: - 4,647.5 12 2,045.8 14
--158. Eugene, Ore....._ 1,469.9. | 7 644.5 9
164 San Diego, Cal._ 4,163.0 13 1,806.9 15
165 Los Angeles, Cal..___«f  30,796.6 17} 13,653.9 18
170 Eureka, Cal.. ... ;. 326.6 8 142.6 10
171 San Francisco, Cal.._.| = 15,268.4 17 6,735.0 19
63,625.7 28,054.7
1) 1. S — 232,232.1 62,408.5

: -2-Gensus Diyision Name. . ;,

2 Adams et al,, p. 160,
3 1bid., p. 84.

4 Based on unpublished data from the 1972 National Recreation Survey.



90 EstuarINE PorrumioNn CoNTROL

FicurE 2.——BEA regions encompassing U.S. coastal zone.

population during the summer of 1972 on all recrea-
tion occasions, and the percentage increase in de-
mand forecast for the 1972-1978 time period for the
activities mentioned. Only activities relevant to the
estuarine zone are considered. In each case, the U.S.
average cost for each activity and each occasion, as
calculated from the 1972 National Recreation Sur-
vey, was used in the analysis. No change in this price
over time was assumed. Thus, by implication,
patterns and government pricing policy were con-
sidered constant.

What is not known or shown in Table 2 is the
spatial allocation of the 1972 recreation use or fore-
cast changes in such use patterns. Since the BEA
regions differ in geographic size, individuals residing
in a region are located at various distances from its
boundaries, and round frip distances for travel on
various types of recreation occasions differ, the
distribution of recreation demand stemming from a
given region cannot be proportioned between it and
other regions without indepth analysis. However,
the 1972 National Recreation Survey data does
provide some information pertinent to the issue of
recreation consumption in a given BEA region which
contains an estuarine zome. Table 3 indicates the

distribution of recreation activity, for our selected
activities, in 1972 between different types of occa~
sions. : : i
Table 4 shows the distribution of round trip miles
for the same activities and occasions. Note that a
minimum of 60 percent of all participation in the
selective activities takes place on trips and outings
and that at least 60 percent of this amount occurs
within 400 miles of home. The figures are sub-
stantially higher for some activities. Hven for
vacations, 15 to 20 percent of the activity oceurs
within a one day round trip of the participant’s

Table 3.—Percent of summer participation in selected outdoor recreation
activities on vacations, trips and outings (1972)

Percent on Percent on Percent on
Activity vacations trips outings
[ 3531117 — 29.3 19.6 51.1
Water skilng. .o cceccameeaod 19.4 16.6 64.0
Other boating - ccomaeecaen +35.0 29,3 35.7
Other swimming outdoors...-| 30.9 15.8 53.3
Nature walks._ .. oo ceeeee . 40,2 22.3 37.5
Average for all activities_.. 3.8 13.9 54.2

Source: 1972 National Recreation Survey "«
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‘Table 4.~The distribution of round trip miles traveled on vacations, trips and
outings by activity* (June-August, 1972)

All activities Fishing
Round trip +
‘mileage Percent | Percent | Percent | Percent | Percent | Percent
vacations trips day |vacations | trips day
auting outing
17.8 60.0 100 21.8 66.9 100
51.9 33.4 57.2 33.0
4001-8000+-....._| 30.8 6.7 25.4 0.0
Water skiing Other boating
Round trip
mileage Percent | Percent | Percent|{ Percent| Pergent| Percent
vacations| trips day vacations|  trips day
outing , outing
0-800 o cc e ] 21.5 85.4 100 16.6 73.6 100
801-4000_._..___.] 37.5 14.6 47.2 26.4
4001-8000+__._] 40.8 0.0 36.0 0.0
Other swimming Nature walks
Round trip -
mileage Percent | Percent | Percent| Percent | Percent{ Percent
vacations| . trips day vatations|  trips day
outing outing
0-800-_— o] 9.6 680 0| 14.0]| 64| 100
801-4000..______..] 45.6 19.4 46.5 . 28.5
40018000 ...—_ 34.9 12.7 39.7 10.0

*Quting trips for all activities never exceed 150 round trip miles regardless of activity.
Source: 1972 National Recreation Survey.

home. The implication is clear. Although cross-
boundary movements of recreation participants may
not net to zero for a given region, demand for regional
facilities tends to be concentrated in the nearby
population. After taking account of cross-boundary
recreation movements, the total demand for regional
facilities is unlikely to vary much from the total
demand forecast for the regional population.

Based on the total number of activity days de-
manded in all 36 BEA areas for each activity, the
activity in greatest demand is ‘“‘other swimming
outdoors” followed in order by “fishing,” ‘‘nature
walks,” “other boating,” and “water skiing.” When
looking at the ranking of activities for each census
division, ‘“nature walks” and ‘“other boating”’
switch positions in the ranking for the South At-
lantic, East South Central, and West South Central
census divisions.

Looking at the individual BEA areas adjacent to
estuarine zones, Table 2 indicates the greatest
amount of demand is generated by the population
of the New York BEA area for “other swimming
outdoors” followed in order by the same activity in
the Los Angeles and Boston BEA areas. The fourth
greatest number of activity days demanded is for
“fishing”’ in the Los Angeles BEA area followed by
“other swimming outdoors” in the San Francisco

area and “fishing” in the New York area. In all
areas, the demand for estuarine resources and facili-
ties appears to be greatest for those resources as-
sociated with swimming and fishing.

While it is important to know what type and where
estuarine resources are currently in greatest demand,
this information, by itself, is not enough for formu-
lating public policy. It is of greater importance to
bave information on which demands for which types
of estuarine resources will be growing most rapidly in
each estuarine zone in the future. The estimated
percentage increases in quantity demanded shown in
Table 2 indicate that the outdoor recreation activi-
ties currently in greatest demand are not necessarily
those projected for the greatest future growth rate.
For the United States as a whole and for the five
activities under consideration in this study, “other
boating” is expected to grow the fastest between
1972 and 1978 with a percentage increase of 18
percent. Following ‘“‘other boating” are ‘“‘water
skiing” and “nature walks,” each expected to grow
by 15 percent, “other swimming outdoors’” at 13
percent, and ‘‘fishing”’ at 11 percent. o

A similar ranking of the percentage increases in
demand for the five activities is reflected in Table 2
for the individual BEA areas. The principal differ-
ence is that “water skiing”’ and ‘“nature walks”
change places in the number two ranking, depending
upon the census division under consideration.

Table 2 also shows that many of the BEA areas
which show the greatest levels of demand are also
the areas which show some of the highest projected
percentage increases between 1972 and 1978. For
example, the projected 27 percent inerease in demand
for “water skiing” in the New York BEA area is the
highest for all areas listed in Table 2. The New York
BEA area also has the second highest level of demand
for “water skiing,” surpassed only by the Los
Angeles area. Likewise, the second highest of all
growth rates shown in Table 2 is 24 percent for
“other boating” in the New York and Miami areas.
The level of “other boating” demand generated by
the New York BEA area is the highest level
(7,298,200 activity days) of all areas listed in Table
2. Even when a rapid rate of growth in demand is
associated with lower initial levels, the growth rate
may be enough, by itself, to create significant strains
on the ability of the estuarine resources to absorb the
increases. It appears, from Table 2, that the greatest
strain on any single type of outdoor recreation re-
sources in estuarine zones will be on “other boating”
facilities in the New York, Miami, Washington,
D.C,, Los Angeles, and San Francisco areas. The
“other boating’’ démands in all of these BEA areas
are projected to grow by 23 percent or more.



92 Estuarme PorLutioN CONTROL

RECOMMENDATIONS

Through Table 2, we have prov1ded a rough indi-
cation of the fa(nhtles and resources in specifi¢ estu-
arine zones currently subjected to the heaviest de-
mand, as well as those likely to face the greatest
future increases in demand. Current capacity and,
consequently, future facility needs cannot be 1dent1—
fied from available data. More importantly, it is
obvious that recreation sites other than those located
in estuarme zones could serve as supply sources for
this demand. The role of these alternative sites,
for current and future pohcy actions, is eritical to
planning for the estuarine zones. Thus only géneral
recommendations for policy action can be given.

‘The principal issue involvéd relatés to financing
any additional facilitics and resources and the policy
implications of the financing methods. Many outdoor

recreation facilities and resotirces are provided by the '

public sector at little or no charge to the facility
users. In many cases this is 4 valid policy such as
when there is no administratively feasible way to
collect entrance fees or when a level of government
makes a conseious decision to redistribute income
by providing outdoor recreation faeilities free of
charge. In the former case, the failure to collect fees
is justified because it would cost more to collect the
fees than could be offset by the revenues from the
fees. In thelatter example, free provision of outdcor
recreation facilities may be valid on the basis of
" equity, if these portions of the population who war-
rant, free access actually make use of the facilities.
When reasons such as these are not involved in the
decision to provide free facilities, however, a serious
distortion in the allocation of resources arises.

Public investments, however, are often made with little
attention to market prices. This is particularly true of
sport; fishing and boating where the public often provides
hatcheries, public piers and marinas at artificially low
costs to the user. This situation, in effect, may create an
‘artificial demand,’ with the attendant environmental
pressures, and heavy use of estuarine and other re~
sources . ublic policy must weigh not only abstract
- ‘demands’ derived from roxy data, but attempt to
more fully assess net benefxl)ts and costs of public recrea~
tg)_llxgl investments (US Department of the Interior,
1970, p. 28 \ ,

One way to more fully assess net benefits and costs
of pubhc recreational investments is to charge realis-
tic entrance or user fees for the facilities provided.
The price paid by the recreationalist is a measure of
his willingness to pay and the value of the recreation
experiencé to him. When the users of a recreation
facility are willing to pay a price which is great
enough to cover the full cost of providing the facility,
we have an indication that -the benefits to society
are st least equal to the coststo society of providing

- “¥Not statistically significant.

the facility. Assuming there is no equity (income
redlstnbutlon) goal involved, if people are unwilling
to pay a price which is suﬁiment to cover the full
costs of the facility, the facility should not be pro-
vided since the costs to society will exceed the bene—
fits.

Adams et al,, {(1973), provide evidence that in-
creases in the prlces of the five activities considered
in this study will have a relatively small impact
upon the quantity of each activity demanded by
people who participate. The evidence takes the form
of price ‘elasticities of demand which are defined as
the percentage change in the quantity of an activity

‘demanded that is caused by a one percent change in

the price paid for that activity. Table 5 provides the
estimated price elasticitiés of demand for each of the

five activities consumed on each of the three types
“of outdoor ‘recreation occasions. For example, the

price elasticity of demand for fishing on vacations is
estimated to be —.24. This means that a one percent
increase in the price of fishing will causé only 4 :24
percent decrease in the quantity of fishing demanded

~oh vaeations.

" A system of full cost pricing of estuarilie resoures
used for satisfying outdoor recreation demand for

fishing, other boating, other swimming outdoors,
" water skung, and nature walks ean and should be em-
" ployed in those estuarine zones where such a policy

does not now exist. Such a policy will assure that the
benefits derived will at least equal the costs of pro-
viding additional estuarine resources. Table 5 in-
dicates this policy of rational allocation of resqurces
can be employed with relatively little impact upon
the quantities of the recréation activities demsnded.

"This policy will be especially erucial to the survival

of those estuarine zones identified above which are
facing the heaviest demands and the most rap1d
growth of future demands.

Critics of this recommendation point out that

‘project or investment economies are only one aspect

of the possible implicatioris which may be important

politically and socially. Equity effects, for example,

were referred to briefly earlier in this section. Re-
I SR I

Table 5.—Estimated price elasticities of demand for selécted outdoor recreation
, , activities on vqgations, trips, and outings

Recreation activity . Vacations Trips Qutings
Fishing, . =2 —.27] *
Water sKiing. .o cecemcmeam—] 20 17 © =32
Other boating. ..o sund Toy H.28 —.18 *
Other outdoor swimming.__.__ =24 —-.20 -1
Nature walks... —onvoeeeeaee Witk gp| —.18} —.07

Saurce: Adams et al., 1970, p. 79, ' . k
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gional impacts are one form of equity effect that has
traditionally been important to recreation develop-
ment considerations. Trade-offs may be implicit
between such impacts and the pricing recommenda-
tions suggested previously. Higher entrance fees
will have some effect on participation and, conse-
quently, on regional expenditures. For example,
recreation is often of interest to a region because of
its export characteristics (non-residents spend money
for use of the region’s resources). Such expenditures
may create employment opportunities for the region-
ally unemployed and normally result in a multiplier
effect on the sales and income of other economic sec-
tors in the region. . , -

Direct regional income impacts can stem from two
sources. First, the regional impact in terms of
facility construction and maintenance must be con-
sidered. When such facilities are wholly or partially
financed by non-regional funds and some of these
funds are spent on inputs supplied by the region, the
economy of the area is benefitted (Nathan, 1966).
On the other hand, if all construction funds were
raised regionally or had to be paid back by regional
interests, only an internal transfer effect would occur.
Second, increased expenditures in the region by
recreationists who are non-residents or increased
expenditures by residents through the interregional
realloeation of recreation consumption patterns can
beneficially affect a regional economy. Of course,
both of these factors must also be offset by reim-
bursement considerations, taxes due directly to con-
struction, and increased taxes required to finance
additional public services in the region resulting
from use of the recreation area (i.e., increased police
and fire protection, et cetera).

‘Knowledge of direct expenditures in a region
enables estimates of the multiplier or indirect im-
pacts to be made. The more economically self-con-
tained the area, the greater will be the multiplier
value since less of the initial and subseéquent round
expenditures will flow to other regions. Since in-
creased regional expenditures for recreation related
goods and services can be substantial, their impact
can be considered & real benefit to the region where
a, recreation facility is located. From the national
point of view, however, both direct expenditures
and their subsequent multiplier implications are
normally classified ag transfer effects. That is, to
the extent the region is successful in attracting this
type of expenditure, it will be detrimental to other
areas. Moreover, regional gains must be offset by the
problems created by the increased recreation activity.
For example, employment in many economic sectors
servicing recreation is highly seasonal, low paid and
often recruited from outside the area. Requirements

for government services may also increase ('iricluding
off-season unemployment benefits), causing in-
creased taxes. On balance, the regional implications
of increasing recreation demand and the provision
of facilities to satisfy that demand is an empirical
question which must be answered for each specific
region. Although net gains to one region can nor-
mally be considered as losses to other regions such
distribution effects may be a conscious political
decision affecting facility location. From a national
perspective, however, a uniform system of public
pricing with respect to federally funded facilities
would not, in principle, give undue advantage to one
region over another in terms of such regional im-
pacts. In other words, a nationally imposed pricing
system for use of estuarine areas would be expected
-to affect all regions in a uniform way. Only if a dif-
ferential pricing schedule between regions was in-
stalled could a contrary result occur. Although
differential pricing should not be rejected as a means
for excluding peak demands for facilities, both- in
time and space, it is not currently a viable approach
to the nation’s recreational problems.
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THE VALUE OF

ESTUARINE FISHERIES HABITATS:
SOME BASIC CONSIDERATIONS
IN THEIR PRESERVATION

FRANK H. BOLLMAN
Development and Resources Corporation
Sacramento, California

ABSTRACT

Comprehensive management of estuarine environments is confronted by the valuation issue—
attaching relevant societal values to the degradation or improvement that accrues to fisheries
and their habitats from manmade changes.

The estimation of the social and economic costs and benefits due to change in an estuary should
follow a careful appraisal of the ecological effects. The backwardness of the art of assessing
damage is evident in the meager and piecemeal state of knowledge of what damages have occurred
and are presently accruing. Tenets of economic good sense, however, offer useful guidance. The
relative scarcity of the aquatic babitat and of critical natural features in the estuary support
system cannot be overlooked. Availability of substitutes and substitute sites is a basic con-
sideration. The full arsenal of economic reasoning has to be employed to provide insight to alter-
native courses of estuarine management.

Two broad sources of degradation of fishery habitats are foreseen as resulting from population
ﬁgrowth and economic development. Direct pollution of nutrients and toxic materials is the
rst source.

The physical alterations are the second source. Three intensifications of use are identified as
compounding the difficulty of maintaining fishery resources in estuaries: (1) increasing loads
of municipal and industrial wastes; (2) the leakage of petroleum and petroleum products into
estuaries; and (3) upstream activities affecting freshwater inflows.

Land and water use in the coastal zone is interrelated with that in the hinterland. There is an
urgent need to improve environmental impact statements so that the full extent of the values
is displayed for the decision makers. A major national commitment in training, research, and
funding is involved in staffing state and federal agencies with the economic and biological expertise
necessary for the informed management of the nation’s estuaries.

INTRODUCTION, OVERVIEW AND
PERSPECTIVE

interim, there is little substantive and quantitative
evidence to confirm that the demands for many of
the different services of the estuarine zone have
diminished or that their adverse impacts have
lessened. While some offsetting tendencies have
evolved and promise respite from the continuing
erosion of estuarine habitat, the negative impact of
these forces of change is still substantial and in-
creasing as the competition for the uses of estuarine
resources responds to population growth and eco-
nomic development.

The demands of society for fish and wildlife, the
demands for segments of their estuarine habitat for
other uses, and, last but not least, the total array of
spillover effects of agricultural and industrial produe-
tion on fish and wildlife and their habitats are
compounding the problem of conserving their
estuarine and coastal zone support system.

This was one of the principal findings of the “Na-

tional Estuarine Pollution Study’’ and the “National
Estuary Study’ in appraising the status and condi-
tions of estuarine fisheries habitats in 1970.! In the

1 “The National Estuarine Pollution Study” was authorized by Section
5(g) of the Clean Water Restoration Act of 1966, P.L. 89-753, approved
November 3, 1966. The study was published March 25, 1970, as Senate
Document No, 91-58, 91st Congress, 2nd Session. The Estuary Protection
Act, P.L. 90-454, authorized the Secretary of the Interior to study estuary
conditions and report to Congress. The result was the National Estuary
Study, U.S. Department of the Interior, Fish and Wildlife Service, Wash-
ington, D.C., January 1970.

In contrast to the 1960’s a more populous and
wealthy seciety is now more environmentally alert
and presumably better informed as to the overall
values of estuaries; legislation has been enacted to
permit their use for fish production among other
purposes.

Nevertheless, a fundamental difficulty still con-
fronts comprehensive management of estuarine
environments—relevant values have to be attached

95
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to the degradation or improvement which accrues
to fisheries habitats from changes in the estuarine
environment.

Logically, estimation of social and econormc costs
and benefits from ecological change in an éstuary
should follow a careful appraisal of the ecological
effects. Is the planned change in the estuarine en-
vironment with its associated impact on the shell
and fin fisheries worth it? Can benefits be increased
and detrimental effects reduced by modlfymg this
change? These questions obvxously are best answered
when the positive and negative 1mpacts are 1dent1ﬁed
and measured, prior to_ assessing whether it is in
society’s 1nterest to undertake the change however
small it may appear to be .

"The purpose of this pa.per is to deal Wlth some
aspects of the complex and perplexing evaluatlon
issue as it relates to estuarine fishery habltat Deg-
radation, definable in quantltatlve terms pertalnlng
to ﬁshery productlmty, is also elusive. Only crude
indicators are available. There are 51gn1ﬁeant forces
such as projected future depletion of freshwater
flows in estuaries, buildup in pollutants from diffuse
sources and pressures for the alteration of estuarine
lands. There is, consequently, an urgent necessity to
review the performance of the ameliorative measures
taken to date, to make the reqmred ad]ustmentq
and, where needed to institute new management
systems and practiees.‘ This paper attempts to give
an overview of the estuarine management problem
as it relates to the accountability of fishery values
in the short and long term, and how they might be
afforded better protection by incorporating ‘sound
principles into the evaluation procedure. It does not
presume to identify and assess the present status of
the estuarine habitat for fish production other than
in broad terms. A comprehensive treatment of the
latter will demand appraisal by competent authorities
in many specializations—a herculean task outside
the terms of reference of the present paper.

DEGRADATION OF FISHERIES HABITATS
AN ELUSIVE AND COMPLEX -
PHENOMENON

The two earlier studies mentioned in the introduc-
tion complemented each other, emphasizing the
paucity of reliable benchmarks for assessing the
exact nature and extent of the damage to estuarine
fisheries habitats: These studies pointed to the in-
adequacy of knowledge (including techniques arid
1nstrumentat10n) to diagnose prlnclpal causes affect-
ing the health and productlv;rty of ‘this habitat.
Prescription “of rermedial measures then, in® 1970,

could be contemplated only with great reservations
and little certainty that they were least costly or
most effective. There is little concreté evidence that
the faculty and facility for prognosis, dlagnos1s and
remedy have improved in the inferim.

“The National Estuarine Pollution Study” found
that “for the ma;onty of the Nation’s estuariné
systems, there are little or no data to describe
existing water quality conditions .. ..” ? and that
while the effects of physical destructlon of the habitat
are also easy to assess at least in terms of immediate
damage caused, the more subtle related effects of
organisms dependent indirectly on the habltat for
food supply are more difficult, soriétimes impossible,
to.determine. In summary, ‘it is not possible, to
say whether 38 percent. of the Natlons estuarme
ﬁable problems at ‘this time.” 3 : ;s,., : e

‘The last 1ntensrve effort to 1nventory natlona]
estuamne conditions in the late 1960%s resorted to
grossmdleators to typify degradation—water quahty
of major rivers and streams, entering the estuarine
area, the area of wetlands lost, the area. of ﬁnﬁsh
habltat affected by water pollutlon the areas of
shellfish lost or closed, and the number and type of
modifying struetures..-

It might be eoncluded after revelwmg more reeent
literature that assessment of the degradation of
the total system for different estuaries and its likely
effects on fishery productivity would prove to be
equally difficult, for the same reasons. The inter-
actions of bagie processes are still imprecisely under-
stood; the complexity of interactions and reagtions
defies the easy .transfer of lessons learned in the
laboratory or - under actual field conditions to
protect or improve fishery habitats. Usually they
deal with only a few of the critical variables and a
few states of nature of the total system. Advances
in knowledge and the state-of-the-art in the last

five years would have had to be substantial and

significant to effect any improvement in the diagnosis
and prognosis of the health of ‘the. estuarine habi-
‘tat.

In. the late 1960’5, the rate of change brought
about by economic activity in.the estuarine zone
could not be identified and work by ecologists at
that time was appraised as “generally eoncerned with
identification of system types, the development of
general, theory, and the measurement of system
characteristics and operating phenomena. Much is
known about certain elements of estuarine ecological
systems, such as temperatures salinities, abundance

z “The National Estuarine Pollgpxon Study,” p. 269.
3Tbid., p. 272.
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of certain biotic communities, but the specific
processes and causal relationships of complex whole
systems and interacting subsystems have only re-
cently been partially understood.”

A quantitative assessment of the trend in estuarine
ecological system modification-degradation was not
feasible; all that could be observed were three
general effects and a qualitative trend.

To the three principal forms of modification
brought about in estuaries as a result of man’s
activities—significant waste discharges, dredging and
filling, and constructing physical structures on
fresh water inflows or in the estuaries themselves—
were attributed three generalized effects:

" 1. Productivity of biotic communities is generally
reduced due to many factors, including reduction or
over-provision of nutrients, abrupt changes in tem-
peratures and salinities, changes in circulation pat-
terns, and destructlon of physmal components of the
system.

2. Specie diversity and organization are simplified.
3. Trends toward severely modified ecosystems
are established.®

"~ The assessment was made “that most, if not all i

major estuarine areas in the contmental Umted
States are now or soon will be affected by distur-
bances of more than one identifiable type. These
systems are characterized by heterogeneous patches
of chemieals, fertilized waters, waters low in avail-
able oxygen, turbidities, acids and other conditions
alien to normal life of estuarine ecosystems. The
multiple stressed situation is possibly the nation’s
most urgent estuarine problem because the condi-
tion is a mixture and the causes several. The stress
of many different kinds of wastes may be more
difficult for an ecosystem to adapt to than separate
types of wastes acting alone.” ¢

Important estuaries such as Boston Harbor, New
York Harbor, Raritan Bay, portions of Chesapeake
Bay, Tampa Bay, Galveston Bay and San Francisco
Bay were subject to major sources of modification
which resulted in identifiable stress in more than
one of the estuaries’ subsystems. Twelve major
sources of modification were attributed to the
development of the petrochemical complex in Gal-
veston Bay. These caused stress in seven identifiable
systems. Multiple-stressed systems characterized
many estuaries, and man’s activities tended to in-

4+ “The National Estuarine Pollution Study,” pp. 305-306. These re-
marks should not be construed to indicate that there is the presumption
or the competency to assess the present state-of-the art.

5 “The National Estuarine Pollution Study,” p. 306.

¢ “The National Estuarine Pollution Study,” p. 308.

crease the number of stressed systems and the degree
of stress.”

A crude network analysis of some of the impacts

and the changes brought about in an estuary as a
result of a single modification—dredging—is shown
in Figure 1. It illustrates the complexity of the
interactions which investigators have to identify and
specify in tracing the effects on an aquatic ecosystem
subjeet to many modifications of varying intensities
diurnally and seasonally. .
* That considerable research is needed to adequately
predict the effect of erosion, siltation, and sedimen-
tation on an aquatic ecosystemn in & farm pond
highlights the difficulty and the magnitude of the
research effort which would allow us to predict the
effects of many and simultaneous changes in an
estuary.

In summary, the complemty of the estuarine sys-
tems themselves and of the responses to man’s
activities precluded any realistic attempt to assess
national and regional trends in the estuarine en-
vironment. “At this stage of knowledge such trend-
ing based on scientifically tested information is
impossible.”’® )

"The present status of estuarine health for fish
production eludes detailed specific diagnosis; how-
ever, certain obvious symptoms can be detected.
An agtempt is made in Table 1 to classify selected
estuaries by the degree of modification, water qual-
ity, and reported effects on fish life as evidenced in
finfish kills and shellfish areas closed.

Only a partial, sometimes misleading, picture of
the habitat’s status is obtainable from these gross
indicators. Fishery productivity measured in terms
of the catch of edible species presumably is a useful
indicator of the estuarine habitat, But again there
is a difficulty in disentangling the effects of over-
fishing and other natural causes from those stem-
ming from manmade changes in the area.

The decline of fishery productivity is not a new
or recent phenomenon. An underlying condition for
a century or more, in estuaries it has been especially
accentuated by the social and economic changes
accompanying economic growth which has been cen-~
tered largely around the nation’s estuaries.

And economic demands and the supply possibili-
ties chosen by society to turn out its products and
services continue to create situations in the estuarine

7“A stress on an estuary is a process which drains available energy.
Stress can be either direct as in the case of harvesting finfish or shellfish
from the system, or indireot as happens when inoreased turbidities shade

out light or when some substance such as phenol is added to the aquatic

system, either eauamg mortahty or demanding special adaptive work on
the part of surviving organisms to sustain life. Energy drains on existing
organisms may also occur when excesses of nutrients added to the system
deplete the available oxygen necessary for respiration.” Ibid., p. 305.

- 8“The National Estuarine Pollution Study,” p. 308.
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Tahle 1.—Assessment of status of selected estuarine zones!

99

Biophysical region

Locatiqn

Degree of modification?

Water quality status

- Major reported effacts

North Atlantic... ..o Penobscot Bay Moderately Modified = | Coastal industries are primarily textile, leather, and ma-
. chinery, No major water quality problems.
Middle Atlantic......_...] Narragansett Bay Moderately-Severely Site of major naval base and various industries. A major port | Prohibition of shellfish harvesting in
Modified facility. Municipal sewage and industrial waste are major | specified areas.
pollution problems.
Middle Atlantic. . .oooc. | Delaware Bay Severely-Moderately Extensive water quality problems’ exist resulting from the

Modified

inadequate treatment of municipal waste water com-
pounded by sewer overflows.

Chesapeake Bay__....._.

Susquehanna River

Moderately-Severely
Modified

Significant min"e Hrainage in upper basin. Sediments are a
nonpoint source pollutant in the lower basin,

Chesapeake Bay.__._____

Potomac River

Severely Modified

A classic example of the effects of farge quantities of munici-
pal wastes on an estuary. During warm summer months
dissolved oxygen levels approach zero.

Waste discharge effects are meas-
urable for 20 miles along the river.

South Atlantic. ___.......] Savannah River Severely-Moderately The lower basin is sparsely populated. Only small quantities
: Modified of municipal and industrial waste are received.
South Atlantic. .. _._____. St. John's River Moderately Modified Large loads of domestic wastes are received. Algal and weed | Fish kills have occurred on oceasion.

problems are frequent, in addition to high turbidity.

Gulf of Mexico.___——_....|

Apalahhicola Bay

Moderately Modified

Limited development emphasis on commercial fish‘ing and
recreation; however, municipal wastes are a problem.

| Bacteriological problems have forced
closure of most  shellfish har-
vesting.

Gulf of Mexico____...__]

Mobile Bay

Severely Modified

Estuarine degradation reSuItiné from municipal arid indus-
trial wastes, ‘in addition to extensive physical modifica-
tions, ’

Highly sensitive shellfish industry
. threateped by increasing polfution.

Phosphorus and nitrogen sufficient for algae growth and get-

Gulf of Mexico_.__ o] Mississippi River Severely Modified Elimination of commercial fishing
ting worse. Phenols and hydrocarhons levels high: Munici- | below St. Louis, Missouri and
pal and industrial sewage a primary factor, ’ Baton Rouge, Louisiana.

Gulf of Mexico__ .. N Galveston Bay Severely Modified Concentrated industry, along with extensive channeling, | Shelifish harvesting limitations have

A

dredging, and other modifications. Water quality has been
significantly lowered. ’

existed in many areas for the past
20 years.

Pacific Southwest. . _____

San Diego Bay

Severely Modified

Site of large naval hase, extensive land fill and other modifi-
cations. Municipal wastes being cleared up.

Loss of much of the marshiands.

Pacific Southwest....____

San Francisco Bay

Severely Modified

Heavy concentrations of industry and population are the
source of large quantities of waste. Numerous areas de-
ficient in dissolved oxygen.

Shellfish harvesting restricted. Nu-
merous fish Kills.

Pacific Northwest..___._.

Columbia River

Moderately Modified

Supersaturation of gases from dams along river. General
water quality is good, with no overall changes in past six
years,

Some fish kills from supersatura-
tion.

Pacific Northwest. ... _

Puget Sound

Moderately Modified

Water quality affected mainly by municipal and industrial

wastes, as well as by agriculture and silviculture.

1 Sources: Environmental Protection Agency; Office of Water Planning and Standards. August 1974, National Water Quality Inventory, 1974 Report to the Congress, EPA-44019-

74-001, Washington, D. C.

United States Department of the Interior, Fish and Wildlife Service. August 1970. National Estuary Study, Volume 11, Washington, D. C.
National Estuarine Pollution Study. August 1970, Report to the Secretary of the Interior to the United States Congress, 91st Congress, pursuant to Public Law 89-753, The Clean

Water Restoration Act of 1966, Washington, D. G.

* Relatively unmodified refers to an estuary approaching its natural state, Moderately and severely modified estuaries are defined as those areas undergoing limited and extensive
development, respectively. None of the selected locations qualified as relatively unmodified.

and coastal zones where fisheries (and wildlife habi-
tats) are, with few exceptions, subject to continuing
encroachment and degradation. Fish: and wildlife
habitat in many instances become the residue of the
present process—that is, what remains after all the

exacted their full measure.

deductions and the deleterious external effects have

That economie activities could be conduected in a
way to reduce these impacts without incurring great
costs underlies recent legislation to reduce the nega-
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tive effects of these other production processes on
the estuaries’ production of finfish and shellfish.?

State and local governments have enacted addi-
tional legislation aimed in general at reducing the
detrimental impacts of economiec growth on the
estuarine resource. A summary of coastal and estu-
arine zone legislation is given in Appendix Table 1
for the coastal states and Hawaii. The table shows
that actual plans for coastal and estuarine manage-
ment, with the exception of North Carolina for
which a preliminary plan was prepared in 1970, are
not yet in existence although legislation affording
protection to coastal wetlands and tidal marshlands
has been enacted in most of the states.

However, for reasons already given it is difficult
to assess the efficacy of these measures since they
have been in operation only a relatively short time.
It takes time to repair delicate biological systems
and to build up fish stocks. Besides, rehabilitation
of fish stocks is subject to fishing pressures and
natural changes not directly attributable to man.
Little is known about the relative significance of
man-caused stresses such as overfishing and natu-
rally oceurring stresses on estuarine-dependent fin-
fish and the productivity of their habitat.

The backwardness of our skills in assessing the
damage to estuarine biota can only be judged as
serious when viewed against the increasing competi-
tion for the uses of most of the nation’s estuaries.
Failure to devise adequate monitoring and design
management to conserve the fisheries resource and
its habitat while equitably allocating estuarine re-
sources to various uses, increases the likelihood that
degradation by gradual attrition will be the fate of
many estuaries. _

Damage assessment is fundamental to the valu-
ation issue. The value of a segment of estuarine
fishery habitat may be defined as what an informed
society would exchange for it in terms of the pro-
ceeds from a non-fishery use.

It has been argued that the damage to the estu-
arine fisheries habitat by the direet killing of com-
mereial and sport species, by the elimination of a
necessary food supply, or by damage to the repro-
ductive capability of any link in the food chain

9 The criteria and guidelines society adopts for the conduct of economic
and social activities as they impinge on the estuarine environment are not
unalterable as major federal legislation relating directly or indirectly to
the preservation of the quantity and quality of estuarine fishery habitat
that has come into force since 1969 clearly testifies. The conduct of economic
activity may be broadly interpreted to include the way people live, work,
recreate, and are housed and transported in the estuarine zone. The follow-
ing is @ list of some of the more significant federal acts:

1969—National Environment Policy Act
1970—Environmental Quality Improvement Act
1972~—Coastal Zone Management Act
Federal Water Pollution Control Act Amendment
Marine Mammals Protection Act
Marine Protection, Research and Sanctuaries Aet
Pesticide Control Act

brought about by other competing uses is difficult
1o establish. Damage may be, and often is, difficult
to detect. This simply emphasizes that it is essential
to know what fish and wildlife and habitat values
are being destroyed and when their value is sufficient
to buy off further encroachment or deleterious side
effects of other uses.?

COMPETITION FOR USE
AND THE VALUATION PROBLEM

Increasing competition for the use of the estuarine
habitat resources is central to their present and
future management concerns. The perennial chal-
lenge to management is to allocate according to
value while avoiding irreversibilities.

The crux of the problem in the estuarine zone is
how to allocate its resources to obtain the highest
lIong-term net social value. The relative importance
of the various demands and the benefits to be re-
ceived have to be evaluated. Any manmade altera-
tion, development, or management should account
for both market and extramarket values stemming
from a productive fisheries habitat as well as for
those essentially market products from other uses
of the estuary—cooling water, waste disposal, trans-
portation, land fill, et cetera.

The resources involved—land, tidelands, marshes,
wetlands, free flowing streams, et eetera—have alter-
native uses. The preservation of estuarine land and
water for fish production ean’ incur high cost in
terms of the proceeds from other uses that are for-
feited. Benefits that society foregoes from not using
this water and land to produce power, water supply,
waste disposal, industry and home real estate, in
some instances, are considerable; in other situations,
very few benefits are forfeited to retain healthy
estuarine fishery habitat. A policy of safe minimum
standard to retain fish production may require a
very small insurance premium to avert what might
prove to be substantial losses to society in the
long run.nt

A comprehensive evaluation of these fish produc-
tion resources is consequently urgent and funda-
mental. Ounly then will society be able to see in
perspective the loss-benefit balance of the many
uses of estuarine resources. At this point, the neces-

1 Environmental forecasting is still in its infancy although the National
Environmental Policy Act has been in force some five years. Substantial
effort is now under way in “an attempt to find methodologies for forecasting
the impact of man’s activities on flood plains and coastal zones,” The
Environmental Law Institute and the International Biological Program
of the National Science Foundation have focused their research efforts on
these two ecosystems, Environmental Quality, The Fifth Annual Report
of the Council on Environmental Quality, December 1974, pp. 409-410,

11 The safe minimum standard as an objective of conservation policy
is discussed by 8. V. Ciriacy-Wantrup in Research Conservation Economics,
Revised Edition, University of California Press, 1963, pp. 251-270.
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sity for effective management for maximum benefits
and minimum losses will become clear.

While an appropriate calculus surely should be
devised, this has proved to be no easy task. The
admixture of market and extramarket values makes
reliable estimation difficult if not impossible.

Many of the estuarine values apply to uses such
as sport fishing, boating and aesthetic enjoyment—
activities for which there are no formally organized
market places where monetary worth can be meas-
ured. These are extramarket values for which at
best proxies may be devised.

Values established in the market place are not
available for all the services provided by a produe-
tive estuarine fishery habitat; those extramarket
benefits—days of sport fishing, clam bakes, et
cetera—nevertheless are real, of worth to society
and might be assumed to be increasing as natural
estuarine areas diminish.

Values for estuarine resources are also set by the
non-market system as in the legislative process
which expresses choices indicating social costs and
benefits not measured in marketplace terms. The
acts of state legislatures to conserve estuarine marsh
and wetland habitat illustrate this process of social
choice.

Many of the “services” produced by an estuary
are joint products—a commercial fish catch is de-
pendent on the estuarine habitat but the estuarine
zone also provides safe anchorage for the fishing
fleet.

Where substantial benefits, in terms of commer-
cial products and services, are forfeited to preserve
estuarine fisheries habitat, economic reasoning is
confronted by the following question: What is the
optimum amount of estuary to maintain today,
tomorrow and in the future for its various uses so
that the stream of net social benefits from all uses of
the estuary, present and potential, will be maximum?

A maximization of social welfare in the long term
is the goal. Quite probably, society can afford the
first yard or the first mile of estuarine tideland with
rouch less loss in fish and wildlife than that involved
in taking a subsequent segment; but to determine
the point at which values foregone are greater than
those gained is extremely difficult and demands a
good knowledge of the working of the total eco-
system and its overall production possibilities and
some informed estimates of the likely effect of
changing one or another of its physical, chemical
and biological characteristics.

“The National Estuarine Pollution Study” stated
the valuation dilemma somewhat differently. ‘“There
are now (1970) about 5.5 million acres of important
estuarine marsh and wetland habitat remaining in
the estuarine zone of the United States. Perhaps

each acre is not valuable by itself but the total
habitat is irreplaceable.”’1?

While the guiding principle to evaluation is erudite
and socially sound—that net returns to society for
all uses of the estuary should be the greatest attain-
able—there is difficulty in translating this principle
into operational terms. The quantitative assessment
of all the real cost created by a proposed action to
alter estuarine conditions is almost unresolvable.?

There are, however, important practical considera-
tions, tenets of economic good sense which can ensure
that alternative courses of action do not unduly
restrict future options. Useful proxies for the differ-
ent pertinent measures supporting these tenets can
be devised in quantitative or qualitative terms.

In deciding how much, if any, of an estuarine
resource should be developed, the relative scarcity
of the aquatic habitat, the numbers of flora, fauna
and fish it supports, and other critical natural fea-
tures must be identified. The functions that certain
critical lands like wetlands serve in their natural state
should be rigorously delineated and documented.

The relative scarcity of the fisheries resource is an
important consideration. It is demonstrable that
estuarine resources provide aesthetic and unique
services, in addition to the production of fin and
shellfish which are increasing in economic value.
Estuarine resources for fish production have appre-
ciated in value as the demand for commercial and
recreational fishing has responded to population
growth and economic affluence and the diminution
of estuarine habitats near large population centers.

A number of technological possibilities will moder-
ate the impact of the other uses on fisheries habitat;
water reuse and air cooling by diminishing the
demands for the intake of fresh water and/or brack-
ish water, desalting of brines and seawater, nuclear
power, and improved water treatment argue a rea-
soned case for maintaining flexibility.

When the removal of aquatic habitat can cause
irreversible consequences, there is a case for rea-
soned delay—time in which to demonstrate thor-
oughly the need for this estuary development and
to acquire the knowledge that will allow its conse-
quences to be predicted more reliably.’* An ‘“insur-

12 “The National Estuarine Pollution Study,” p. 289

12 This is reimpressed if one asks what the loss to mankind is if by his
actions a species of fin or shell fish is rendered extingt.

14 The eritical natural features theory was adopted in the decision of
the Wisconsin Supreme Court: “The Just vs, Marinette County (4 ERC,
1941, Wisconsin, 1972) stands as an explicit judicial recognition that
regulations preserving certain publicly critical features of land may be
upheld without compensation despite great loss in economie development
potential.”’ See Environmental Quality, the fourth annual report of the
Council on Environmental Quality, 1973, pp. 148-147.

15 Tt is true that the filling of tidal marshlands, often termed irreversible,
can be reversed by expenditure of large amounts of both time and money.
Tt is virtually impossible to obtain an exaect replica of the ecosystem as it
wag prior to disturbance. An irreversible condition for present purposes
is defined as one for which the time or cost of the reversion is so high that
in all likelihood it will not be undertaken,
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ance premium” is paid to keep such an option open
when the benefits of the development use are de-
ferred. In some instances, these benefits may be
considerable but so might the permanent loss of a
critical segment of fishery habitat. These are sensi-
tive trade-offs; the benefits should be identified and
measured where possible. ‘ _

Analyses ascertaining the fundamental biological
relationships of the ecosystem show the relation of
a part to the whole and are a necessary prerequisite
to devising measures which are safeguards against
irreversibility. In other words, interest centers on
what happens to the whole when a part of the
ecosystem i1s modified or converted to other than its
natural use.

Investigation of the relation of the part to the
whole (of the role of specific estuarine habitat such
as tideland to the overall aquatic environment) pre-
sents the biologist and ecologist with a very complex
problem—one which is further complicated by com-
partmentalized planning studies which frequently
ignore or deemphasize these interrelationships.

The system’s approach is violated when agencies
responsible for estuarine management are requested
to evaluate a development. In many instances, these
agencies do not have the choice of proposing an
alternative to the development they have been asked
to evaluate, nor do they have the research eapability
and manpower to investigate and sponsor such alter-
natives. Appropriate tenets of evaluation are of little
use in estuarine management unless they receive
institutional sanction and are activated. by compe-
tent technical and management staff.

The present composition of research staffing in
many agencies, especially water resources and fish
and game, is largely oriented to a preponderantly
engineering viewpoint even to the assessment of
social values. Biological, ecological, and social view-
points should not be subservient to that of engineer-
ing, efficiency or the constructionist: a partnership
is urgently required, and this will mean adequate,
competent staffing in these three categories.

The type of research advocated above and the
employment of sound tenets of evaluation would
serve to unmask ‘“‘the tyranny of small decisions”
where one decision taken at a time is relatively
unimportant but given time and additional decisions
the system is completely altered.’ The cumulative
effects in the future of many small irreversible com-
mitments of the remaining 5.5 million acres of estu-
arine marsh and wetland habitat (1970) were the
special concern of the “National Estuarine Pollution
Study.”’7 _

The relative scarcities of the fishery resource itself

16 Kahn, A. E. 1966, The Tyranny of Small Decisions: Market Failures,

Imperfections, and the Limits of Economics, Dkylos. 19 (1): 23-47.
17 “The National Estuarine Pollution Study,” p. 289.

and the particular fishery habitat are not the enly
practical considerations. The availability of substi-
tutes and substitute sites for the produects to be
obtained from estuarine resources is a basic con-
sideration. Are there other opportunities incliding
technical possibilities for the development of prod-
ucts which even though they make the product
more costly are not so costly in terms of depleting
biological resources and aesthetic qualities?

The economic reasoning in following this tenet of
the evaluation credo may be illustrated from an
actual case study for the San Francisco Bay. Pro-
jected dredging and retrieval of aggregate (at low
operations costs) from an extensive and shallow
aggregate source sueh as the Potato Patch Shoals,
immediately outside the Golden Gate, would -very
likely jeopardize the support for the local supply of
crabs in the bay area. In such a situation, the follow-
ing questions should be answered. For what purposes
is the aggregate required? Is it to be used for con-
crete construction or for bay fill to create additional
home and factory sites to further accelerate the
diminution of estuarine habitat? If the former, are
there other sources of aggregate; if the latter, what
is the relative scarcity of homesites in the vicinity?
In other words, have all the opportunities for the
projected homesites or supply centers for aggregate
for construction or fill been carefully explored? What
additional costs are involved in selecting alternative
sites both for aggregate and for homes or factories?
These costs could prove to be not so great when
compared with the benefits flowing from an appreci-
ating renewable resource.

On the other side of the ledger, what would be
the economie repercussions of losing a valuable local
seafood resource? The impact of losing the local
crab resource is not measured solely in the loss of
income to fishermen who forfeit all or part of their
customary livelihood. There are the indirect or
neighborhood effects which must be accounted for.
Fishermen’s Wharf, & traditional center for seafood,
could experience a decline in expenditures by both
local clientele and tourists, with further repercus-
sions in the business sector. The costs enumerated

are real and cannot be omitted in the tally of social

costs occasioned by the loss. of a vital part of any
fish support system.

In summary, many estuaries, in providing healthy
fishery habitats, are appreciating assets and some
development decisions are irreversible. And although
current evaluation methods do not adequately quan-
tify all social values, even & reasonably accurate
picture cannot be obtained of the social costs and
benefits of maintaining or improving estuarine fish
production unless economic reasoning is fully em-
ployed to provide insight to alternative courses.
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VALUE OF COMMERCIAL FISHING:
INDICATOR OF SOCIAL IMPORTANCE

While many extramarket uses of estuarine habitat
remain uunmeasured in strict quantitative market
terms, the commercial catch can be valued in dif-
ferent economic terms—its vahie to the fishermen,
to the proeessor, or the final price paid by consumers.
In all instances, whatever value is adopted it is but
one indicator, an incomplete one of the worth of
estuarine fisheries habitats.

In broad terms, estuarine fisheries habitats are
highly valuable and significant assets; approximately
65 percent of all commercial fish species and prac-
tically all of the sports fish species are dependent
upon the estuarine zone for one or more phases of
their life development.

The estuary is the ultimate source of food for some
continental-shelf species and most marine predators,
including tuna.’®

The estuary is then the vital support system to a
valuable renewable resource, fish, which supplies a
significant portion of the edible protein consumed
by man. In addition, the estuary is an important
source of fish meal, a high protein feed for another
important source of edible protein, poultry and
swine.

Two-thirds of the total landed value of commer-
cial fish and shellfish has been estimated as derived
from estuarine-dependent species.® Other estimates
cite the annual landed value of commercial fisheries
as being 75 percent estuarine-dependent or associ-
ated fish.?® Regionally the values vary; in the Gulf
of Mexico, estuarine-dependent resources supply 90
percent of the commercial catch.?

The 1972 commercial catch was valued at $704
million (see Table 2). Estuarine-dependent species
provided $470 million, a 57 percent increase in the
landed market: value of $300 million in 1965. At an
interest rate of five percent, the capital investment
required to return $470 million annually would be
approximately $9.4 billion.?? This provides an esti-
mate of the importance of the estuarine fisheries
habitats for the United States commercial eatch.

Another measure of the economic importanee of
the commercial fishing industry is the income gen-
erated by its demand for basic inputs such as boats

18 Estuarine dependence is based on whether one or more phases of
the species’ life cycle is spent in estuaries. The estuarine dependence of
important sport and commercial fish is shown in Table IV.2,1 of The Na-
tional Estuarine Pollution Study.

1 ‘“The National Estuarine Pollution Study,” p. 151.

» “National Estuary Study,” v. 5, Appendix E, p. 16.

21 MeHugh, J. L. November 1968. “Are Estuaries Necessary?” Com-
merical Figsheries Review, 30 (11): 37-45.

22 The value of tidal marshes on the east coast has been deduced as
$2500 to $4000 per acre per year; when these annual social values are
income capitalized at five percent interest, the estimated total social
values are $50,000 to $80,000 per acre. Gosselink, J. G., E. P, Odum and
R. M. Pope. 1974. The Value of the Tidal Marsh. Pub. No. LSU-8G-74-03,
Center for Wetland Resources, Louisians, State University, Baton Rouge.

Table 2.—Fisheries: Quantity and value of catch 1930-721

For For
Total human industrial Value Average
Year use products? {million price per
dollars) pound
(million pounds) (cents)
3,224 2,478 746 109 3.4
4,000 2,675 1,385 99 2.4
4,901 3,307 1,594 347 7.1
4,942 2,498 2,444 354 7.2
4,777 2,587 2,190 446 9.3
4,160 2,347 1,613 497 11.9
4,337 2,321 2,016 518 12.1
4,917 2,537 2,380 613 12.
4,969 2,400 2,569 643 12.9
4,710 2,310 2,400 704 14.9

t Does not include the value of fish harvested by foreign vessels off the U.S. coast.

2 Manufactured into meal, oil, fish solubles, homogenized condensed fish, and shell
products, and used as bait and anima! food.

Source: U.S. Department of Commerce, Bureau of the Census, Statistical Abstract
of the United States: 1973, 94th edition, Washington, D.C., 1973, Table No. 1072,
p. 635, citing U.3. National Oceanic and Atmospheric Administration, Fishery Statistics
of the United States, annual.

and equipment and supplies used in catching and
landing fish. Sizable income would be lost to these
suppliers and manufacturers if the commercial fish-
ery were to close.

It has been estimated that the multiplier associ-
ated with commercial fish harvesting is 2.96. This
means that $2.96 of economic activity (including
supportive industries, expenditures on fuel, equip-
ment, wages, et cetera) is generated from each dollar
of additional income to fishermen.2

BEstimates of future market demand, eoupled with
the probable scarcity of future supplies, indicate a
continuation of rising values for estuarine-dependent,
fish. Estuaries as fishery habitats are rapidly appre-
ciating national assets. Figure 2 illustrates the in-
crease in future market demand, which is projected
to double by the year 2000.

Further, income elasticities for different fishery
products attest to increasing demands for finfish and
crustaceans basically dependent upon an estuarine
environment. Income elasticities of demand for fish
products show the change in consumption of the
product in response to a change in consumer income.
Income elasticities for some important estuarine
fish have been estimated as follows: lobster, 2.1;
shrimp, 1.8; fresh and frozen salmon, 1.6; crab, 1.3;
and groundfish (flounder being representative), 1.2.24
Income elasticities are indicative of future consump-
tion. For example, a 10 percent increase in per
capita income would be accompanied by an 18
percent increase in the quantity of lobster consumed,
a 16 percent increase in the quantity of shrimp
consumed, and a 16 percent increase in the quantity

23 “National Estuary Study,” v. 5, Appendix E, p. 17.
24 Tbid.
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Ficure 2.—U.8. market for fishery products. Source: U.8.
Department of the Interior, Fish and Wildlife Service. March
26, 1970. National Estuary Study 5, Appendix F. Washington,
D.C.: 17,

of salmon consumed. The consumption of all of the
species indicated above increases more than propor-
tionally with income rises.

IMPUTED VALUES OF SPORT FISHERIES:
ANOTHER USEFUL INDICATOR

Nearly every sport fish species is dependent upon
the estuarine zone for one or more phases of its life
cyele.® It is concluded that “saltwater sport fishing
is far more closely related to estuaries than com-
mercial fisheries.2® The estuarine zone offers a great
diversity of environment and species to sport fish-
ing. For this and other reasons, sport fishing has
become an increasingly popular and economically
important aspeet of estuarine fisheries use.

By the year 2000 sport fishing is expected to
increase by some two to two and one-half times in
saltwater and the Great Lakes? All indications
point to sport fishing’s becoming an increasingly
valuable use of estuarine fisheries habitats. This
value lies not only in the value of the actual fish
caught, but in the social value of recreational activ-
ity, as well as in the great variety of related goods
and services generated by the fishing activity. While
dollars can be imputed to estuarine sport fishing
activities, and a number of useful refinements have
been made in the art of economic measurement, as
yet the joint-products dilemma has not been resolved
satisfactorily. These values, computed either by ap-
plying an administrative price for user days or by
using travel-cost imputation are useful to give an
order of magnitude assessment for a specific activity
in a specific location but are inadequate to encom-
pass all the joint services—values stemming from

2 "“The National Estuarine Pollution Study,” p. 115.
6 “Economic and Social Importance of Estuaries,” p. A-22,
2 *““The National Estuary Study,” v. 5, Appendiz E., p. 82.

the estuarine énvironment as they relate to sport
fishing.2®

" Not all uses of estuarine resources compete with
fishery production. There is a degree of compatibility
between fish production and the discharge of nutri-
ents or heated water.

The assimilative capacities of the estuarine zone
allow limited quantities of non-toxic waste to be
assimilated by the system. Small quantities of ‘waste
can even be helpful to fishery productivity by sup-
plying necessary nutrients in sufficient quantities.

The economic contribution made by the assimila-
tive capacity of five eastern estuaries (Delaware,
East, Hudson, James and Potomac) was estimated
to be $5,903,000.2 This value relates only to a
miniscule part of the total chemical and biochemical
processes oceurring within these estuaries. The en-
vironmental services in toto performed by an estu-
arine zone defy meaningful calculation. The full
extent of their value would become more compre-
hendable if it were ever necessary to replace or
substitute the complete range of these services.

IMPORTANT SOCIAL AND
ECONOMIC TRENDS

Changing economic and demographic patterns
have exerted developmental pressures which are the
most significant factors affecting the estuarine fish-
ery habitat. Certain trends with implications for
degradation of the estuarine environment are pro-
jected to continue; population will grow rapidly in
coastal counties, with expansion in the urban-sub-
urban areas, and ports and the volume of commerce
will expand as these economic bases grow. Projected
activities in the estuarine zone, consequently, will
play a decisive and increasing role in determining
the future productivity of the fishery habitat.

Two broad sources of degradation of fishery habi-
tat are foreseen as resulting if these pressures are
not suitably countered by informed management.

The first source is constituted of direct pollution
of nutrients and toxic materials from municipal and
industrial wastewater discharges and dumping; agri-
cultural runoff carrying pesticides, salt, nutrients
and silt; thermal heat and waste from power develop-

2 The annual net benefits for recreational fishing in San Francisco
Bay for 1966 and 1980 were estimated to be $9 million and $15.5 million
respectively. An administratively adjudged user day value varying from
$.50 to $1.50 per day was applied to fishing days to impute net benefit.
See Delisle, G, October 1966. Preliminary Fish and Wildlife Plan for San
Francisco Bay-Estuary. Prepared for the San Francisco Bay Conservation
and Development Commission: 94,

% Economic and Social Importance of Estuaries. April 1971, Estuarine
Pollution Study Series 2, Environmental Protection Agency, David Sweet,
Project Director: 55-56. The dollar value was caleulated as follows, The
pounds of biochemical oxygen demand (BOD) that had to be removed to
achieve a one mg/l increase in minimum dissolved oxygen was estimated.
The cost of removing a pound of BOD was assessed at $0.04.
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ments; storm water runoff and discharges from other
diffuse sources; spills and leakages of hazardous
materials into coastal zone, and pollution within the
estuary from dredging, channeling and other alter-
ations. The second source can occur through the non-
pollutional damage of the fishery habitat through
Jandfills, overfishing, and even depletion of marine
life by excessive collection and study. Degradation
of the latter type is occurring in some parts of the
tidal zone of California.

The impact of the waste in all media—water air

and solid—from point and diffuse sources varies

greatly from estuary to estuary depending upon the
combined concentratlonfs that directly or indirectly
find their way into a specific estuary. The geophysi-
cal structure of the estuary, the physical processes
of advection and diffusion, variations in freshwater
inflow and many other major physical processes
which at present are only qualitatively understood
determine the mixing of these wvarious forms of
wastes at the freshwater-saltwater interface and
throughout the estuarine area.

The characteristics that allow an estuary to con-

centrate and reuse nutrients that sustain fish pro-’

ductivity also make the estuary a concentrator of
pollution and waste.*

Compounding the effects of waste concentration
is the vulnerability of estuarine residents. Many of
the estuarine organisms are living near the limit of
their range of tolerance and any further alteration,
regardless of how slight it may be, has the potential
of excluding an organism from the estuary.?* Further-
more, the deposition of most of these wastes occurs
offshore in the shallow areas of the estuaries, areas
of highest productivity and necessary to the estuary
for the production of oxygen.

Figure 3 depicts the fate and distribution of estu-
arine pollutants only the elementary processes in-
volved in what is a highly complex phenomenon
are indicated.

An appraisal of the impacts of wastes on fishery
productivity in different estuaries is a complicated
task and cannot be attempted in this paper for
reasons already given. It is possible, however, to
identify those intensifications of use of the estuarine
resources which are compounding and will compound
the difficulty of maintaining fishery resources.

% Duyke, T. W. and R. R. Rice. 1967. Cycling of Nutrients in Estuaries.
Proceedings of Gulf and Caribbean Fisheries Institute, (19):69:67. Pome-
roy, L. R., R. J. Reimold, L. R. Shenton and R. D. H. Jones. 1972. Nutrient
Flux in Estuaries. Nutrients and Eutrophication, edited by G. E. Likens,
Ameriean Society of Limnology and Qceanography, Special Symposium
1:274-296; Schelske, C. L. and E. P. Odum, 1961. Mechanisms Maintain-
ing High Productivity in Georgia Estuaries. Proceedings of Gulf and
Caribbean Fisheries Institute, 14:75-80. (The levels of phosphorus in
estuarine water have been shown to be 10 to 40 times higher than in the
river-water flowing into the estuary.)

1 0dum, William E. 1970. Insidious Alteration of the Estuarine
Environment. Transactions of American Fishery Society, 4: 836-845.
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Figure 3.—The fate and distribution of estuarine pollutants.
Under favorable conditions, the pollutants are diluted, dis-
persed, and transported by turbulent mixing, ocean currents,
and migrating organisms. The mixing is often restricted so
that high concentrations of pollutants can exist in local areas.
In addition, biological, chemical, and physical processes con-
centrate pollutants and lead the pollution back to man.
Source: Patterns and Perspective in Environmental Science.
Report prepared for National Science Board, National Science
Foundation. 1972. Figure VIII-8, p. 245.
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The future aquatic environment will be greatly
influenced by the success of water quality control
programs not only as they relate to the estuary
proper but to the freshwater streams flowing into
the estuaries.

MUNICIPAL AND INDUSTRIAL
WASTE DISCHARGES

Since increases in population are usually accom-
panied by increases in the loads of municipal and
industrial wastes, discharging and dumping of these
wastes, (although greatly reduced from the levels
of the late 1960’s) must be counted a major problem
in most estuarine zones in the populous areas of
the nation.

Population in the estuarine areas grew by 78 per-
cent from 1930 to 1960 while national population
grew by only 46 percent. In 1970, 33.7 percent of
the United States population resided in the estuarine
economic areas. The population residing in these
areas as a percent of the national total is projected
to grow to 34 percent by 1980, 36.9 percent by
1990, and 38.8 percent by 2000, when 107 million
people out of 275 million will be living in or close
to estuarine areas.

The projected populations for different estuarine
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Tabhle 3.—Estimates and projections of population in {he estuarine economic region and individual area (in thousands)

Individual estuary economic areas™* 1950 1960 1970 1980 1990 . 2000

Maine coast_... 471.7 499.7 531.5 576.7 633,6 * 688.2
Massachusetis—Rhode Isiand coast. ____ .. _o.._.... 4,385.4 4,794.3 5,194.3 5,729.2 6,390.6 '7,958.2
Connecticut coast . 761.2 934.9 1,057.0 1,184.8 . 1,343.9 1,492,2
New York—northeast New Jersey... oo ccomooocunao. 13,593.6 15,603.5 17,376.5 19,114.4 21,061.0 23,022.3
Philadelphia—New Jersey—Delaware__ ... ___..___ 4,399.3 5,320.8 5,939.9 6,661.5 7,567.1 8,505.8
Maryland—Virginia coast_. ..« oormeocccrmmcccaanne 4,473.0 5,739.5 6,812.8 8,023.3 9,573.3 11,172.1
North Carolina coast 47.1 511.7. 529.0 546.1 . 582.7 623.0
South Carolina coast_ .. ... 374.8 466.2 §03.2 539.0 595.7 652.2
Georgia—eastern Florida coast. ..o cooneeo L 1,432,5 2,637.8 3,698.7 4,699.3 5,752.5 6,941.1
Southern Florida gulf coast. 547.7 1,058.7 1,369.0 1,663.1 1,931.0 2,302.7
Central Florida gulf coast_ . . oo oo oo 98.0 126.5 134.2 150.2 B V5 W (] 198.1
Mississippi—Alabama—west Florida coast. ... ... 563.0 818.5 977.0 1,135.3 1,363.3 1,603.2
Louisiana coast_..__ 1,177.8 1,535.3 1,814.7 1,974.4 " 2,168.6 2,930.0
Texas north gulf coast__ .. 1,324.7 1,5900.8 1,206.7 2,710.4 . 3,304.1 4,026,1
Texas south gulf coast_ _ 41,5 563.8 635.6 704.1 792.3 878.2
Southern California coast. .o oaeooen 5,233.5 8,224.9 10,826.2 13,586.9 16,906.1 20,331.0
Central California coast....__ 2,944.2 3,972.6 5,084.6 6,280.3 7,696.9 9,150.2
Northern California coast. ... . oo 78.0 122.7 151.0 188.1 230.1 273.8
Qragon coast. ..__ 1,091.4 1,276.8 1,389.3 1,602.7 1,848.6 2,087.7
Washington coast. . oo o ooom oo emcceeen 1,493.7 1,837.3 2,165.5 2,536.8 2,972.6 3,444.1
Estuarine economic region total population___ 45,302.1 57,946.2 £8,396.9 76',60(5.7 92,940.0 106,900.3
Total U.S. population. . .o omcees 151,370 179,320 203,210 225,000 252,000 275,000

Percentage of U.S. population in estuary economic areas 29.9% 32.2% 33.7% 34.0% -36.9% 38.8%

Source: Office of Business Economics, Regional Economics Division, and U.S. Bureau of the Census Statisticél Abstracts of the United States, 1973, -

économic areas are shown in Table 3.2 In addition,
these populous coastal counties, while they contain
only 15 percent of the land area, have 40 percent
(1969) of the manufacturing activities within their
boundaries.

Information on the effects of municipal and indus-
trial loads and their treatment on water quality are
not readily available for different estuaries, although
sampling of water quality parameters in a number
of estuaries is part of the ongoing effort. Overall
water quality trends have been assessed for the
nation, but the water quality trends as reported
are insufficient indicators of the effects of changing
conditions for the biological communities in eéstu-
aries.® They offer no high resolution of the status
of water quality for fish production, but provide
useful information on water quality; estuaries are
natural sinks for water pollutants so that the quality
of inflowing river water is of consequence to biologi-
cal communities in estuaries.

In 1970, cleanup efforts to improve water quality
under the federal-state program established by the
1965 Water Quality Act were appraised as only
holding the line on common organie pollution. “The

32 The estuarine zone economic region includes the coastal counties
plus a few noncoastal counties included as part of estuarine zone Standard
Metropolitan Statistical Areas. Recent projections show U.S. population
to be slightly lower than those given in Table 3. See U.S. Department of
Labor, Bureau of Labor Statistics, Kutscher, Ronald. December 1973.
Projections of GNP, Income Output and Employment. Monthly Labor
Review, 96: 3-42.

33 EPA National Water Quality Inventory, Report to Congress, Wash-
ington, D.C., U.8. Government Printing Office. The major waterways
sampled are shown in Appendix Table 2.

effects of increased treatment had been virtually
cancelled by larger wasteloads. Other forms of water
pollution such as phosphates and nitrate nutrients
were on the rise. Fish kills, beach closings, algal
growths, oily scums, and odors were still prevalent.
Sporadic upgrading of municipal treatment plants
were often more than offset by nearby industrial
effiuents. In other cases, cleanings of industry were
offset by increasing municipal discharges.”’®

The 1972 amendments to the comprehensive Fed-
eral Water Pollution Control Act were designed to
correct these inadequacies, and set a course for a
sustained water quality improvement program.

For the period to 1977 the objective of the act,
““to restore and maintain the chemical, physical and
biological integrity of the nation’s waters,” has been
interpreted as requiring standards which will protect
indigenous aquatic life and permit secondary contact
recreation such as boating and fishing. A quality of
water which will protect aquatic life is considered
adequate to ensure other uses such as public water
supply, agricultural industrial use, and navigation.®

To achieve the 1983 interim goal of Sec. 101(a)
of the act, providing for the protection and propaga-
tion of fish, shellfish, and wildlife, and for recreation
in and on the water, EPA has proposed water quality
criteria defining maximum limits of acceptability

3¢ Environmental Quality, The Fourth Annual Report of thé Council
on Environmental Quality, September 1973: 168; Environmental Quality,
1;;; _Szezclo.nd Annual Report of the Council on Environmental Quality, 1971:

%P, L. 02-500, Sec 101(a). See also EPA Water Quality Stratesy
Paper, March 15, 1974, p. 28.
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for chemical and physical constituents in United
States waters.® These criteria are based on recom-
mendations of a National Academy of Science report
and reflect current knowledge of the identifiable
effects of pollutants on human health, fish and
aquatie life, plants, wildlife, shorelines, and recrea-
tion; concentration and dispersal of pollutants; and
the effects of pollutants on biological community di-

versity, productivity and stability, including factors -

affecting rates of eutrophication and sedimentation.”

The National Water Quality Inventory allows an
overview of water quality trends from 1963 to 1972
for 23 waterways (a total of 35 major reaches)
draining 70 .percent of the Nation’s land. It has
furnished some evidence that nutrient levels in-
creased. “In 84 percent of the reaches, phosphorus
and phosphate (readings exceeded) reference levels
associated with potential eutrophication. . . . 54 per-
cent of the reaches showed increased phosphorus
levels in 1968-72 over the previous years (1963 to
- 1968). Nitrate levels also increased in 74 percent, of
the reaches examined. . . . other pollutants with high
levels were phenols that can affect fish palatability
and suspended solids which interfere with some
aquatic life processes.”® The major rivers included
In the water quality analysis and the results are
set out in Appendix Table 2 and Appendix Tables 3
and 4, respectively. '

Progress in the last five years, 1968 to 1972, is
evident for oxygen demand and bacteria. The data
available for heavy metals and pesticides showed
that drinking water levels for cadmium, lead, mer-
eury, iron, and manganese were exceeded by one
or more samples collected over the 1968 to 1972
period in more than half the reaches examined ; nine
pesticides were found to exceed reference levels in
more than half of the reaches.®

One.indication of the extent and severity of water
pollution at present is that to achieve the water
quality target for 1977 approximately 1,600 of the
3,100 water quality reaches identified will have to go
beyond 1977 technology-based effluent stahdards.®

Projections to 1985 of the state of water quality
have been made in an attempt to assess the likely
impact of measures taken under the Federal Water
Pollution Control Act. A comparison is made of the
“controlled” effluents, the levels expected to result
pursuant to the standards and regulations estab-
lished under current water control legislation, and

1 EPA, Water Quality Criteria, 1973.

% National Academy of Sciences, Water Quality Criteria, 1972,

38 Results of the National Water Quality Inventory conducted by EPA
are summarized in Environmental Quality, 1974, the Fifth Annual Report
of the Council on Environmental Quality: 282-288.

# Thid.: 286-287.

4 Ibid.: 142. See also EPA Water Quality Strategy Paper, March 15,
1974: 28,

Water Pollutants
600 ™

= e Uncantrolled municipal sewage
500 — ,.‘ e Controlled manicipal sewage

L Uncontrofled industries and electric utilities
= == Controlled industries and electric utilities

Emissions index

200 [~

100 fo =

1971 1985 1971 1985 1971
. Suspended salids BOD

1985 1971 1985
Dissolved solids Nutrients

Fioure 4.—The base case of seas: generation of pollutants,
by sector. (1971 emissions = 100). Source: Council on En-~
vironmental Quality. Environmental Quality. The Fifth
Annual Report: 295.

the “uncontrolled” effluents if no pollution abate-
ment was undertaken. The result of the analytical

.tool SEAS, Strategic Environmental Assessment

System, is shown in Figure 4.4

Municipal sewage treatment effluents are pro-
jected to account for virtually all of the “controlled”
nutrients and 70 percent of the dissolved solids.
Under the 1972 amendments to the Federal Water
Pollution Control Aet (PL 92-500), discharged
waste loads from municipal and major industrial
sources (including electrical utilities) then can be
expected to decrease significantly with implemen-
tation of a responsive wastewater management
program.

National projections of water quality, however
reliable and illustrative, are only indirectly meaning-
ful for specific estuaries. Projected waste loads from
municipal and industrial sources for the San Fran-
cisco Bay place in better perspective the water
quality management problem that will confront
many ‘“urbanized estuaries.”

As in other estuarine zones, an increase in the
degree of treatment and improvement in operations
in recent years has kept waste loads discharged to
San Francisco Bay essentially constant although
population and industrial activities have steadily
increased. Diffuse waste sources such as storm run~
off from urban and non-urban areas, however, are
projected to increase as the San Francisco Bay
region continues to grow. Graphieal comparisons of
the waste loads for BOD, heavy metals, and nitro-
gen from point and diffuse sources in Figures 5, 6,
and 7 point to the necessity to develop a manage-

41 Environmental Quality, Fifth Annual Report: 297.
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Figure 5.—Projected BOD loads discharged to San Fran-
cisco Bay.

ment system to contain discharges from diffuse as
well as from point sources.” The projected increase
in the loads of heavy metals, oil and grease, nitrogen,
phosphate, and pesticides and in some estuaries
polychlorinated biphenyls from diffuse sources also
are sufficiently great to alert management to their
implications for the retention of productive fishery
habitat.*

The importance of runoff in degrading water
quality cannot be dismissed in any plan for compre-
hensive water quality management in the estuarine
zone. In urban estuarine areas runoff from storms
can contribute a major portion of the water pollu-
tion load. In the intense discharge during storms
from 94 to 99 percent of the BOD load can be
contributed by runoff and bypasses.

42 These figures appear as Figures 7, 8, and 9 in Development of a
‘Water Quality Control Plan, San Francisco Bay Basin, Workshop, March 5
1974, California State Water Resources Control Board, Sacramento, Cali~
fornin: 12. Loads of heavy metals were caleulated from available data on
concentration of cadmium, chromium, copper, lead, mercury, nickel, and
zing in existing municipal and industrial wastewater and in urban and
non-urban storm runoff.

43 In July 1973, EPA designated 12 chemicals used in manufacturing
as toxic water pollutants, including cadmium, mercury and polychlorinated
biphenyls, aa well as the pesticides aldrin, dieldrin, endrin, DDT and ita
derivatives DDE and DDD. The pesticide compound toxaphene was also
included. Other metals currently being studied for possible inclusion on
the list include arsenie, selenium, chromium, lead, beryllium, and nickel.
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Fieure 6.—Projected heavy metal loads discharged to San
Franeisco Bay.

The storm runoff from & moderate-sized city
has been assessed as contributing a heavy load of
metals—100,000 to 250,000 pounds of lead and
6,000 to 30,000 pounds of mercury each year.#

The unabated discharge in storm water of heavy
metals, given the toxicity of these metals, is a cause
for concern for the “urbanized estuaries.” The treat-
ment of municipal and industrial discharges alone
in the future will in most instanees not be sufficient
to insure a productive fishery habitat, one in which
the end use—edible fish—is not denied to man
because of high levels of contamination from harm-
ful and toxic substances.

Storm water runoff is but one source of the toxic

44 Total Urban Water Pollution Loads: The Impact of Storm Water,
(PB-231/730) is available from National Technical Information Service,
U.8. Department of Commerce, Springfield, Virginia, 22151, In July 1973
EPA designated cadmium and mercury used in manufacturing as toxic
water pollutants. EPA is currently developing efluent standards govern-
ing the discharge of these two heavy metals. In addition, EPA is studying
arsenic, selenium, chromium, lead, zine, beryllium, and nickel for possible
inclusion on the list of toxic pollutants. See 38 Federal Register 2434
(1973), 40 CFR 129. Toxic pollutants are defined as those which “cause
death, disease, behavioral abnormalities, cancer, genetic mutations, physi-
ological malfunctions (including malfunetions in reproduction) or physical
deformations in such organisms or their offspring,” PL 92-500, Stat. 816,
1972.

45 The minamata disaster reimpresses the gravity of high levels of
toxic forms (mercury). The effects of low-level exposure over long periods—
genetie, mutagenic and tetragenicity, et cetera—are also legitimate reasons
for concern. ;
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Figure 7.—Projected nitrogen loads discharged to San Fran-
cisco Bay.

trace element contaminants (principally heavy met-
als) and hazardous and toxic chemicals which are
distributed by complex pathways encompassing es-
sentially all media and their associated ecosystems.
In estuaries the biological conversion to even more
toxic forms, e.g., organometallics and accumulation
in the aquatic ecosystems and sub-strates, under-
scores the importance of this pollution problem for
estuaries. The potential hazard of certain trace ele-
ments is demonstrated by the concentration factor
for shellfish (see Table 4).

Other sources of trace element emissions to the
environment are reasonably well identified; quanti-
tative estimates are available for air emissions from
different industries and the trace element contents
of wastewater from lead-zinc processing have been
calculated. Sludges and solid residues (tailings) also
constitute a source of trace element contaminants

Table 4.~Concentration factors for the trace elements composition of shellfish
compared with the marine environment

Encroachment factors

Scallop Oyster Mussel
2,300 18,700 330
2,260,000 318,000 100,000
200,000 60,000 320,000
3,000 . 13,700 " 3,000
291,500 68,200 196,000
55,500 4,000 13,500
90 30 60
12,000 4,000 14,000
5,300 3,300 4,000
4,500 | 1,500 2,500
28,000 110,300 9,100

Source: Ketchum, B. H., editor. The Water's Edge: Critical Problems of the Coastal
Zone. 1972. The MIT Press, Gambridge, Mass., Table 7.2: 150; based on Brooks, R. R.
and M. G. Rumsby. 1965. The Biochemistry of Trace Element Uptake by New Zealand
Bivalves. Limology and Qceanography 10:521-527.

in estuaries unless adequate storage or dlsposal is
practiced.

There are other major sources of trace element
contamination to water and land receptors in estu-
arine areas, notably automotive exhaust (lead),
leaching from municipal landfills, and inecinerator
and land disposal of sewage sludge from municipal
wastewater treatment.® Agricultural chemicals con-
tribute to heavy metal loads as nonpoint water
pollution, especially mercury, copper, zine, cadmiurm,
manganese, and chromium.

The setting of air and water quality standards for
the various trace elements related to point and dif-
fuse sources of contamination requires the identifi-
cation of sources, forms of pollutants, pathways,
and the effects of each substance on the biological
communities in estuaries.

Efftuent guidelines have been promulgated by
EPA for some 29 industries up to June 30. 1974
(see Appendix Table 5). Nevertheless, there is urgent
need for additional effiuent limitation guidelines, for
EPA has identified a total of about 180 industrial
subcategorles and 45 additional variances as requlr-
ing distinet effluent standards.

In urban storm water discharges, PCB’s and pesti-
cides have been identified as significant compo-
nents.¥ Like the heavy metals, hazardous chemicals
—diethyl-stilbestrol, thalidomide, DD'T, polychlori-
nated biphenyls, vinyl chloride, pesticides, and
phthalic acid esters—find their way into the estu-
arine environment along a variety of incredibly
complex pathways from many sources.

Of all chemical classes, pesticides would appear to
pose the most difficult future pollution problem
since sources are diffuse and spread over millions
of acres in the 18 principal water regions of the
nation. Pesticide use in urban areas has increased.
The widespread presence and buildup of persistent
pesticides in water and in fish and marine mammals
are well documented. These characteristics malce
pesticides and other hazardous and toxie substances

a major problem to resolve for the protection of the
health of man as well as for estuarine biclogical
communities.

48 Young, D. R. et al. February 1973. Source of Trace Metals from
Highly Urbanized Southern California to the Adjacent Marine Ecosystem.
Proceedings of a conference on Cycling and Control of Metals, sponsored
by EPA, NSF and Battelle: 21-39. On December 6, 1973, EPA promul-
gated regulations limiting the lead content of gasoline; allowable level of
lead is reduced to an average of 1.7 grams of lead per gallon in 1975, and
0.5 grams of lead per gallon in 1979. This is the most significant and con-
trollable source of lead exposure. 38 Federal Register 33734, (1973).

4 8artor, J. D., and G. B. Boyd. November 1972. Water Pollution
Aspects of Street Surface Contaminants. 76-81 EPA-R2-72-081.

48 The pesticides aldrin, dieldrin, endrin and DDT and its derivatives
DDE and DDD were designated toxic water poliutants by EPA in July
1978, Sevin, chlordane, lindane, methyl parathion and parathion are cur-
rently being studied for possible inclusion in the list.
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PETROLEUM LEAKAGE
IN ESTUARINE ENVIRONMENTS

Natural energy demand, even if stringent conser-
vation measures are in force, is expected to double
between now and 1985. The development of new
energy technologies such as coal gasification, coal
liquefaction, oil, shale and tar sand processes, and
nuclear reactors is likely to have effects on aquatic
ecosystems in estuaries some 10 years in the future.
However, the impact of the increase in thermal
power stations could be expected to oceur earlier
while the increase in domestic offshore oil production
and in oil imports can be expected to aggravate oil
leakage into the coastal zone.®

‘Within the next 10 years the United States’ heavy
dependence on oil and gas to meet its energy de-
mands is not likely to diminish. In 1972, oil and
gas accounted for nearly 78 percent of U.S. energy
consumption. Expanded total energy needs were
forecast to require 28 million barrels of oil per day in
1985, nearly twice the consumption in 1970. Other
forecasts before the oil embargo indicated that oil
imports would likely increase to 15 to 20 million
barrels per day by 1985.5

National steps taken to reduce dependence on
foreign oil imports—federal legislation authorizing
construction of the trans-Alaska pipeline, expansion
of the leasing program for the outer continental
shelf, and a proposal to authorize construction of
deepwater ports—all have implications for increased
leakage of oil and petroleum products into the coastal
environment of states adjacent to offshore oil wells or
that have large refineries.®

Approximately 60 percent of U.S. refining capacity
(seven million barrels per day, 1972) is concentrated
in the four coastal states of Texas, Louisiana, Cali-
fornia, and New Jersey. Production of oil from off-
shore reservoirs (over 8000 offshore wells in the
Gulf of Mexico alone) is expected to reach 30 to 40
percent of total oil and gas production by the early
1980’s.

Accelerated imports increase the risks of potential
discharges from intentional or accidental tanker spills
outside or in port (estuary), while increased offshore
production adds to the potential hazard of major oil

4 The problems of energy supply and the impacts of heat disposal
from power plants in the coastal zone are discussed in Chapters 3, 7 and 8
of the Water’s Edge: Critical Problems of the Coastal Zone, edited by
Bostwick H. Ketchum, The MIT Press, Cambridge, Massachusetts, and
London, England. A major study to investigate the potential environ-
mental effects of offshore nueclear power plants was initiasted by the Council
of Environmental Quality in 1973. Publication of this study is expected
in early 1975,

% Joint Committee on Atomic Energy, 93rd Congress, 2nd Session.
1974, The Nation’s Energy Dilemma.

51 Hypothetical drilling sites and development locations for the Atlantic
outer continental shelves are offshore to Massachusetts, Rhode Island,
New Jersey, New York, Delaware, South Carolina, Georgia, and Florida.

spills from blowouts.®? Coastal areas must provide
the space for receiving increased quantities of oil
carried by pipelines and tankers as well as additional
refineries.

Annual incremental spill volumes in U.S. coastal
areas have been estimated for different levels of
daily oil imports. In the absence of superports
and assuming continued deterioration of the U.S.
energy supply posture, approximately 800,000 bar-
rels of oil could be spilled by 1983.%

Petroleum leakage to the ocean and coastal zone
is not confined to tanker spills or blowouts from
offshore wells. There are many small chronic injec-
tions of oil and oil products into the marine en-
vironment near shore. Injections of oil and grease
result from sewage discharges and storm sewers,
filling station washdown operations, transportation
operations, and other domestic and industrial losses,
including hydrocarbons leaked from outboard
motors.5

It has been concluded that petroleum from pro-
duction, refining or transportation has penetrated the
marine food chain; however, an assessment of the
biological effects of petroleum from different sources
on the metabolism of organisms has not been
made.® Little is known about the long-term effects
of oil in an estuarine environment. Spills and leaks
of oil cause a number of adverse effects in the estu-
arine environment, not all of which are well under-
stood. :

Oil and components of oil can be lethal to or-
ganisms or inhibit normal feeding. The effects of oil
pollution of shoreline in estuaries depend partly on
the nature of the oil and partly on the means by
which it reaches the shore. The coating of rocks,
beaches, marshes can cause significant plant and
organism mortality. The nearshore marshes and

52 Over 17,000 wells have now been drilled in waters off the U.S. coast.
The potential impact of outer continental shelf oil development depends
in part on where oil released in the ocean travels and how it weathers.
The relative environmental risks of oil and gas development in the Atlantic
and Gulf of Alaska outer continental shelves have been analyzed by the
Council on Environmental Quality in its report to the President, on
April 18, 1974, entitled, OCS Oil and Gas—An Environmental Assessment.

% Bagic data contained in the National Petroleum Council’s U.8.
Energy Outlook, Report to NPC’s Committee on U.S. Energy Outlook,
December 1972, ‘'Polluting Incidents in and around U.S. Waters, Calendar
Year 1971, U.S. Coast Guard, Washington, D.C., 1975, Estimates were
obtained by James E. Flinn and Robert S. Reimers. March 1974. Develop-
ment of Predictors of Future Pollution Problems. EPA Report 600/5-
74-005.

54 An estimated 10 percent of outboard motor oil fuel mixture is un-
burned. Mussels exposed to water containing 50 parts per billion of these
hydrocarbons showed gill damage after 24 hours of exposure; 66 percent
died although they were removed after one day and placed in fresh water.
Fourteen percent of oysters tested died during the test period of 10 days.
Clark, R. C., Jr., and J. 8. Finley. November 1974. Environmental Science
and Technology, Science News 106(21): 831. Since June 1973 Switzerland
has outlawed ordinary motor oil in boat engines and requires instead a
special oil that is emulsifiable and biodegradable. Communication by
Kohn, Henry H. January 4, 1975. Science News 107 (1):3.

% Sanders, H. L., J. F. Grassle and G. R. Hampson, 1972. The West
Falmouth Oil Spill! Biology (Woods Hole, Mass.: Woods Hole Oceano-
graphic Institute), Technical report No. 72-20.
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wetlands -are the most biologically productive areas
of the estuary and are most sensitive to oil spills.’

Estimates of oil persistence indicate that oil
probably persists much longer in salt marshes with
soft sediments (up to 10 years) than on rocky shores
or coarse sediments (a few months). Oil even at low
concentrations threatens fish populations; finfish and
shellfish are very susceptible if oil enters spawning
and nursery areas. The cleanup procedure to hasten
the dissipation of visible oil by the use of dispersant
and emulsifying chemicals can be more damaging
to the shoreline environment than the oil.

In addition to the potential hazards from oil
spills, the development of superports to handle im-
ports and of offshore oil and gas leases whether on
the outer continental shelves or in the shallow in-
shore coastal zone (in Louisiana over 25,000 wells
are operated in this productive fishery area) require
construction of major pipelines-over coastal marsh-
lands. In Louisiana, coastal marshlands and estuaries
extend 20 to 40 miles inland from the Gulf of
Mexico. Physical and ecological effects in these un-
stable marshlands include erosion, release of. toxic

substances from dredge spoils, turbidity, salinity,

and other ecosystem changes such as barriers to
nutrient flushing, to-migration of estuarine organisms
and to tidal flow patterns that affect aquatic life.
Canal erosion and pipelaying and marsh buggy
operations can destroy substantial areas of coastal
marsh.%

UPSTREAM ACTIVITIES AFFECTING
FRESHWATER INFLOWS

Trace element and toxic chemical contaminants

from production processes, municipal wastewater

treatment, and diffuse sources have been identified
as a major problem for the retention of productive
fishery habitat in urbanized estuaries. Another pro-
jected problem of national importance is the
potential hazard from greater leakages of petroleum
into the estuarine environment with the develop-
ment of offshore oil and increased imports. A third
broad category of activity which will impinge on the
estuarine fishery habitat might be termed “upstream
activities”—those removed from the seaecoast but

56 For effects of oil on estuarine communities see Smith, Nelson. March
21, 1972. Effects of the Oil Industry on Shore Life in Estuaries. Proceed-
ings of the Royal Society of London, Seriés B, 180 (1061):287-296. Also,
IDOE. 1972. Baseline Studies of Pollutants in the Marine Environment
and Research Recommendations. New York: IDQE Baseline Conference,
May 24, 1972. . .

87 M¢Ginnis, J. T. et al, December 1972, Environmental Aspects of
Gas Pipeline Operations in the Louisiana Coastal Marshes, Report to
Offshore Pipeline Committee by Battelle’s Columbus Laboratories. St.
Amant, L. 8. 1971. Impacts of Oil on the Gulf Coast. Trans. 36th American
Wildlife and Natural Resources Couference: 206-219; St. Amant, 1971.
The Petroleum Industry as it Affects Marine and Estuarine Ecology.
Trans. Society of Petroleum Engineers Meeting.

which importantly influence the guantity and quality
of fresh water entering the estuary. ‘

Construction of dams, diversions of river flow
within a basin-and from one drainage areza to another,
control of floods, changes in land use such as in-
creased irrigation, and clearing and channelization
of forest and bottom land have in many instances
direct and significant effects on estuarine aquatic
habitat.

Modification of freshwater flows by dam con-
struction, diversion, and consumption affects the
extent of saltwater intrusion, the degree of mixing
of fresh and saltwater and the plankton and fish
populations.’® Reduction in freshwater flow increases
salinity in former brackish water areas and can
reduce the production of shrimp, oysters and other
marine life.

In the Sacramento-San Joaquin estuary the
changes that can be expected with modification of
normal flow patterns typify the effects that can be
expected in many estuaries. Losses of fish eggs and
young have to be minimized when water is diverted
from the estuary; moderate net flow rates have to
be maintained to give positive downstream flows.
Maintenance of adequate freshwater flows from the
Delta into San Franciseo Bay are required to main-
tain “suitable salinities for striped bass spawning
and for Neomysis ... for good survival of young
striped bass . . . for salmon migrations . . . for suffici-
ent turbidity ... and for flushing pollutants from
diffuse -sources out of the estuary.”®® All these
requirements sheuld be accounted for in plans for
upstream and delta water developments that would
modify flows. Already outflow from the Delta is
“only about half the natural level due to the com-
bined effect of upstream depletion storage and
pumped exports.”’® .

Increased population, industrial and municipal
usage, and the development of irrigated agriculture,
especially in river basins draining arid regions, will
continue to increase demand for storage and diver-
sion. The Texas Master Plan proposes to divert
most of the flow of the Sabine, Neches Nucces,
Trinity, Brazos and Colorado rivers for irrigation
use, while an even more ambitious scheme has been
discussed—the- diversion of water from the mouth
of the Mississippi to the Texas High Plains.

8 Pritchard, D. W. 1955, Estuarine Circulation Patterns. Proceedings,
American Society of Civil Engineers 81:1-11; Ketchum, B, H. 1951, The
Flushing of Tidal Estuaries Sewage. Sewage and Industrial Wastes 23(2):
198-209; Ketchum, B. H. Relation Between Circulation and Planktonie
Population in Estuaries. Ecology 35: 191-200.

 California Department of Fish and Game. April 1973. Maintenance
of Fish and Wildlife in the Sacramento-San Joaquin Estuary in Relation
to Water Development.

8 California Department of Fish and Game. June 1972, Ecological
Studies of the Sacramento-San Joaguin Estuary: A Decennial Report,
1961-1971: 18.



112 EstuariNe PorrutioN CoNTROL

3500 ~ _
(328) o
3000 | _
2500 |- (473)e |
) (203) ¢
. 2000 — _
e
X
o
2 b
2 @
~ 1500 |- 9 _
(259) ¢
(100)
1000~ *# S _
8
) i
+ irrigation (16.7)
100 \ ~—
so0 o ¥ Ry N
(100)
(199)
(100)  puplic {137 .
ol _
1960 1980 2000

Year

Figure 8.—Estimated future water withdrawal in the United
States. The figures in parentheses give percentage increase
over 1960 values. Source: Dats of Murry, C. R. 1968. U.S.
Geological Survey Circular 556; Piper, A. M. 1965. U.S.
Geological Survey Water-Supply Paper 1797.

Projected future water withdrawals and con-
sumption represent substantial increases over pres-
ent-day totals (see Figures 8 and 9). Total water
withdrawal in the year 2000 is estimated to amount,
to about 900 billion gallons per day, which compares
to a runoff of 1,400 billion gallons daily. Assuming
that consumption is 20 percent of total withdrawal,
we will actually be losing to the atmosphere 180
billion gallons daily, a small fraction of the runoff.
Recycling procedures can be developed to reduce
even further the percentage of runoff required to
be withdrawn. Consequently, there would appear to
be enough fresh water to meet future demands. The
pertinent question, however, is whether there is
sufficient fresh water in different drainage areas to
meet the respective demands and to maintain
productive fishery habitats in downstream areas. As
population pressures increase and urban activities
grow in both the hinterland and coastal zone, the
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Freure 9.—Estimated future water consumption in the
United States. Figures in parentheses give percentage of
estimated withdrawal. Source: Data of Murry, C. R. 1968.
U.S. Geological Survey, Circular 556; Piper, A. M. 1965.
U.S. Geological Survey Water-Supply Paper 1797.

problems of water quality and quantity at the inter-
face between rivers and the estuarine zone can be
expected to be exacerbated.

MANAGEMENT IMPLICATIONS

Land and water use in the coastal zone is inter-
related with that in the hinterland, both in actuality
and policy. The state land use plans should therefore
incorporate plans for managing the lands along the
coast in such a way as to preserve the ecological
values of estuaries, other coastal waters, and marsh-
lands to the maximum practicable degree consistent
with essential uses for navigation, recreation, seafood
production, power plant cooling, and other uses.

The Coastal Zone Management Act of 1972 ad-
ministered by the National Oceanic and Atmospheric
Administration in its first year of operation has
provided assistance to all but one of 34 coastal
states and territories wishing to establish resource
management plans in defined coastal areas.

The management plans of the coastal zone (in-
cluding estuaries) should incorporate the flexibility
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to be compatible with comprehensive land use
planning measures as set out in the new administra-
tion bill drafted by the Secretary of the Interior.
Comprehensive plans for the use of the water and
land resources of the coastal zone should be based
on a careful classification of the coastal zone with
respect to uses and the degree of necessary public
controls over these uses. Provision should be made
for public acquisition of lands and interests in lands
required to preserve ecological values and provide
other public benefits. .
Land and water practices and progrars upstream
in the drainage ares of an estuary importantly
influence the quantity and quality of fresh water
flowing into estuarine areas. Water management in
the estuaries and coastal zone must be integrated with
management of upstream water resources to achieve
comprehensive drainage basin management. The
planning of future developments and diversions up-
streamn must recognize this crucial interrelationship
and provide facilities for mitigating losses and
preserving values in the estuaries and coastal zones.

Present Federal, state and local processes for.

making land use and development decisions as they
apply to the total estuarine system, including fresh-
water inflows, should be made adequate to the task.
Local governments cannot and should not be by-
passed. On the contrary, under an effective state
organization with strong regional bodies, local
governments should perform an indispensable role
in coastal zone management.®

There is urgent need to improve environmental
impact statements required by Section 102(c) of
the National Environmental Policy Act of 1970
(NEPA) for all the changes and activities affecting
estuarine areas. Improvement of impact assessment
procedures and analyses is required at all levels of
federal, state and local governments. This will
require a major commitment of resources to attain
levels of competency and ensure that the evaluations
are thorough. “

An early improvement in making the content of
environmental impact evaluation more relevant
could be brought about by re-establishing a co-
ordination arrangement between the Water Re-
sources Council and the Interagency Committee on
Marine Resources of the Federal Council for Science
and Technology, which is now responsible for the
policy coordination aspect of the National Marine
Sciences Program. This would assure that research
programs are designed to furnish the information

51 The principles drawh up by the California Advisory Commission on
Marine and Coastal Resources propose a structure and. function for coastal
zone management organization which includes state, regional and local
contributions as essential components. These principles are stated in
Appendix B.

for proper integration of water resources planning
and estuarine and coastal zone management.

Estuarine research programs of Federal and state
agencies should be strengthened to provide a better
basis for the establishment of water quality standards
for estuarine and coastal waters.

While programs of research have been initiated on
problems related to estuarine and coastal zone
management, they need to be accelerated and
broadened to provide information so that effective
means can be taken to monitor and predict the im-
pact of upstream development and waste disposal
on coastal zone waters and the oceans. Additional
knowledge is needed to protect, enhanece, and develop
the coastal zone environment, particularly estuaries.

High priority should be given and the necessary
support found for research on the determination of
water quality requirements for various water uses
and for the criteria which serve as the basis for
water quality standards.

Additional investigations are needed to determine
the effects of waste disposal in estuarine waters
and to determine the extent of pollution so that
measures to cope with problems can be devised.
These programs might be merged with and supple-
ment the ongoing and emerging programs of research
now under the auspices of the National Oceanic and
Atmospheric Administration—Marine Ecosystem
Analysis (MES) and Marine Monitoring Assessing
and Prediction (MARMARP).
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APPENDIX A
TABLES

Appendix Table 1.—A summary of legislation relating to coastal and estuarine zones

Zone

Comprehensive coastal zone
planning legislation

Wetlands

Industries and power plant siting

Shoreline—recreation

Alabama

None at present—in the planhing
stage.

U.S. Army Corps of Engineers.proj-
ects deemed harmful are refused.

Alabama Water Improvement Com-
mission regulates the location of
industries and domestic pollution
sources.

None at present—in the study
stage.

Coastal Zone Conservation Act
(1972)—to develop plans and
control development. Permits re-
quired for any development in the
coastal zone. The California Com-
prehensive Ocean Area Plan was
completed in 1972,

A power plant siting bill was passed
in 1974.

Connecticut.

$3.5 million study of Long Island
Sound to develop a comprehen-
sive plan for this area.

Wetlands Protection Act—1969

—Inventary of all wetlands.

—No dredging or construction on
designated wetlands without a
permit.

Delaware. .. oo

Delaware Coastal Zone Act (1971)—
to control the location, type, and
extent of industrial development
in coastal areas, prohibition of
new heavy industries.

Delaware Wetlands Act (1973)—per-
mits required for virtually all ac-
tivity in the wetiands.

The state has banned heavy industry
within two miles of the coast, with
permits required for other uses.

An assessment of present and future
demands on coastal zone,

Florida

Environmental Land and Water
Management Act (1972):1and de-
velopment regulations for “area
of critical state concern.”

Land Conservation Act (1372)—to
finance the cost of recreation
lands.

Georgia

Coastal Marshlands Protection Act
(1970): "“No person may remove,
fill, dredge, drain, or otherwise
alter any marshlands within the
estuarine areas without first ob-
taining a permit...."

Hawaii

Legislation requiring a coastal plan
passed in 1973,

Shoreline Setback Areas (1971).
~Construction within 20 to 40 feet
from edge of vegetation growth is
prohibited without a special
permit.

No coastal zone plan.

“Coastal Development Plan" being
prepared.

Wetlands Preservation Act (1967)—
State Wetlands Control Board can
impose any conditions regarding
dredging, filling, etc., on coast if
they feel it is in public's interest,

Legislation to limit heavy industry on
coast is now pending.

Maryland

Still being developed. A critical
areas hill (S.B. 500) was enacted.

Wetlands Act (1970; amendment) no
dredging or filling without 2 permit

Shore Erosion Control Act (1970 as
amended)—provides loans for
shore erosion protection devices.

116




LiviNe anp NoN-Livine RESOURCES

117

Zone

Comprehensive coastal zone
planning legislation

Wetlands

Industries and power plant siting

Shoreline—recreation

Massachusetts. ...

A commission has been created to
develop a comprehensive plan for
estuarine area management.

Power plant siting law was recently
enacted.

MissSissipPioe o cccmecmeead

Coastal zone management plan in
review stage.

Coastal Wetlands Protection Act
_(1973)—designates the Marine Re-
sources Council as the regulatory
agency for activities on wetlands.

New Hampshire_._......|

No plan at present.

Wetlands  Act  (1967)—controls
dredging and filling of tidal areas.
Dredge and Fill Act (1971} promul-
gates rules and regulations for
dredging in tidal areas.

Power Plant Siting (1971)—sites
must be approved by PUC and not
environmentally detrimental,

Plan being formulated. Some
coastal zone land uses regulated
by 1973 law.

Wetlands Act (1970) permit required
for any dredging, filling, polluting,
building, or otherwise altering wet-
lands—wetlands being mapped.

Plan being formulated, Coastal zone
authority influences land use.

New York Wetlands Act (1971)—mo-
ratorium on wetland alterations.

Power plant siting law.

Multi-year study begun in 1971 in-
ventorying Long Island Sound
resources.

Coastal Areas Management Act
(1974)—also a preliminary, com-
prehensive plan prepared De-
cember 1972, land Policy Act
(1974).

Wetlands Protection Act (1971)—
authorizes the adoption of rules to
pratect marshes and contiguous
lands. Dredge and Fill Act (1971)~
makes permits required.

Oregon__ o]

Coastal Zone Management Plan Act
(1971) provides for a comprehen-
sive plan to be submitted to State
Legistature by 1975,

State has a power plant siting law.

Oregon Land Use Law (1973)
regulating land uses, Beach
Access Act (1967)—citizen’s right
to unrestricted beach use up to
vegetation line.

Puerto Rico_ .- d

As required under Federal Water
Pollution Control Act, no new mu-
nicipal or industrial discharges
without special authorization.

Rhode Island........._.._]

Comprehensive plan being devel-
oped.

Some coastal zone activities regu-
lated by state permit system.

Coastal Wetlands Act (1965), land
use restrictions in such areas.

Intertidal Salt Marsh Act (1965)—per=~
mits needed to fifl, dredge, etc.

Coastal Management Council Act
(1971) to administer management
program for coastal areas.

No plan at present.

No major legislation but increaséd
study and survey of coastal areas.

Coastal Public Lands Management
Act (1976) provides for the com-
‘prehensive management of state-
owned coastal lands, and estab-
lishes permit system for con-
struction on coastal islands and
submerged lands.

The Texas Council on Marine Re-
lated Affairs was created in 1971,
to study and plan for marine re-
sources.

Public ownership of state beaches
up to vegetation line,

Virginia . .- occoe e

Plan being developed.

Wetlands Act-(1972)—a permit sys-
tem for wetlands regulation.

A coastal zone management program
is being undertaken.

Washington.___________ 5

Shoreline Management Act (1971)
—sefs responsibilities of state
-and local areas for permit system,
and inventories.

Marshes, bogs, swamps, floadways,
and river deitas are regulated
under the Shoreline Management
Act.

Thermal Power Plant Siting Act
(1970)—environmental and bio-
logical considerations will be main
guidelines in lacation of sites.
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Appendix Table 2,—Major U.S, waterways

10 longest rivers 10 rivers with

Waters of 10 largest
urban areas

(miles) highest flows
(cubic feet per second)

Missouri (2,564) .. _____| Mississippi (620,000)t,2
Mississippi (2,348).-____... Qhio (255,000t
Rio Grande (1,885)-....--_] Columbia (235,000
Yukon (1,875).___....-.| Missouri (70,000
Arkansas (1,450). ___..... ] Tennessee (63,700)
Colorado ¢1,450).—........| Alabama-CoosaA(SS,DOO)

Columbia—Snake (1,324) .| Red (57,300):3

Ohio (1,306) . e ] Arkansas (45,200)
Red (1,222) o] Susquehanna (35,800)
Brazos (1,210). . ____.____. Willamette (30,700)

Hudson River—New York
Harbor

Los Angeles Harbor

Lake Michigan and other
waters of Chiqagu area

Delaware River
(Philadelphia)

Detroit River and Detroit
area tributaries

San Francisco Bay and
Sacramento River

Potomac River
(Washington, D. C.)

Boston Harbor
Ohio River (Pittsburgh)

Mississippi and Missouri
Rivers (St. Louis)t

1 Contained in first (or second) columns.

2 Includes Atchafalaya River (about 25 percent of flow).

3 Includes flow of Ouachita River.

Source: Environmental Protection Agency. 1974. National Water Quality Inventory:

Report to Congress. Table 1-1.

Appendix Table 4.—Major waterways: Reference level violations, 1963 to 1972

0

0 .

Percent of reaches
exceeding reference
Parameter Reference level and source? levels
1963-67(1968-72 | Change

Suspended solids....._.._] 80 mg/l-aquatic life 26 14 —12
Turbidity - 50 JTU-aquatic life 28 28| 0
Temperature_._.__._._] 90° F-aquatic life 0} 0l

{13 [1] S 75 platinum-cobalt units-

water supply 0 0|

AmMmonia. .. o oo 0.89 mg/l-aquatic life 16 6 -10
Nitrate (as N).—o_ ... 0.9 mg /i-nutrient 12 © 28 +12
Nitrite plus nitrate._._...] | 0.9 mg/l-nutrient 18 26 +8
Total phosphorus..... 1 0.1 mg/i-nutrient T 57 423
Total phosphate..__._.._J 0.3 mg/I-nutrient 3¢ 41 +11
Dissoived phosphate....... 0.3 mg/l-nutrient 11 22 +11
Dissolved solids (105° €).| 500 mg/i-water supply 25| 18 -7
Disselved solids (180° €).] 500 mg/l-water supply 28 12 —16
Chlorides oeocmceae- 250 mg/l-water supply 12 9 -3
Sulfates eoevenamnncaea .l 250 mg /I-water supply 12 12 0
<] PO 6.0-9.0-aquatic life 0 0 0
Dissolved oxygen 4,0 mg /i-aquatic life 0 0 0
Total coliforms (MFD)z___.! 10,000/100 mi-recreation 24 13 -11
Total coliforms (MFI)2.__.} 10,000/100 mi-recreation 50 30 —20
Total coliforms (MPN)2__.] 10,006 /200 mi-recreation 23 20 -3
Fecal coliforms (MPN)2___] 2,000/100 mi-recrzation 45 21 —24
Fecal coliforms (MPN)2___. 2,000/100 mi-recreation 17 43 +26
Phenols....cemacccmaaao] 0.001 mg/l-water supply 86 71 -15

1 With the exceptions that follow, reference level designations are from “Guidelines
for Developing or Revising Water Quality Standards,” EPA Water Planning Division,
April 1973; for ammonia, chlorides, sulfates, and phenals, “/Criteria for Water Quality,”
EPA, 1973 (Section 304(a)(1) guidelines); and for nitrate (as N}, “'Biological Assaciated

Appendix Table 3.—Major waterways: Water quality trends 1963-721,

Problems in Freshwater Environments,” FWPCA, 1966, pp. 132-133.
2 Membrane filter delayed, membrane filter immediate, most probable nimber.
Source: Environmental Quality Fifth Annual Report, Council on Environmental
Quality. ’

Number of Percent of
Parameter reaches reaches
analyzed improved?
Suspended solids. 28 82
Turbidity.. o eeee 29 79
Fecal coliforms (1 brane filter)__ . 9 78
A i - 25 76
BODs. oo 31 74
Total coliforms {(membrane filter delayed)._____| 23 70
cob_ 20 70
Temperature ——— 33 67
Total coliforms (most probable number)...____] 9 67
Dissolved solids €105° C)-.ommmomcmceccecomead] 28 64
Chiorides... ... - 34 62
Dissolved oxygen - - 31 6112
Dissolved solids (180° €)oceevrome o 23 61
Odor. ] 5 60
pHo_... - . 34 5914
Total coliforms {(membrane filter immediate)..... 12 58
Phenols. o ocoeernacaa - 12 58
Dissolved phesphate 18 56
SUIfATES o o e mme e 33 55
Organic nitrogen - 11 55
Total phosphate. ..o een oo eme] 16 44
Alkalinity. 32 413
Nitrite. .. - o] 5 40
Nitrite plus nitrate.____.____.___ R . 27 37
Color_.. 30 33
Nitrate (@8 NOs)-v v uo o ccem o ceemccemem oo 19 26
Nitrate (as N). [ 17 24
Total phosphorus_____ 28 18

* Based on median values at each reach. Reaches included only if they contain one
or more stations with at least seven samples each. Parameters included only if five

or more reaches were measured.

2 Except where noted, “improved” means that 1968-72 median concentrations are
lower than 1963-67 median concentrations at mean station.

3 “Improved” means higher concentration.

“Improved” means pH becomes higher (fess acid).

Source: Council of Environmental Quality, Fifth Annual Report, Table 20, p. 285.

Appendix Table 5,—Published effluent guidelines for industries as of June 30, 1974

industry Proposed Final
(effective date)
Fiberglass 8/22/73 | 1722174
Beet sugar. 8/22(73 1/31/74
Cement...__ 117173 1720474
Feedlot 9/7/13 2/14/74
Phosphates 9/7/73 2/20/14
Flat glass___. 10/17/73 2/14/74
Rubber. 10/11/73 2/21/14
Ferroalloys- - -~ 10/18/73 2[22[74
Electroplating. 10/5/73 3/8/74
Ashestos. .- 10/30/73 2/26(74
tnorganics.._.. 10/11/73 3/12(74
Meats. 10/29/73 2/28/74
Plastics and synthetics i 10/11/73 4/5/74
Nonferrous metals. - oo cccmomem e e ©7 11430473 4/8/74
Cane sugar.._ 12/7/13 3/20/74
Fruit and vegetables..._.___.__..____. 11/9/73 3/21/14
Grain mifls___ : 12/4 13 3/20/74
Scaps and detergents. .. ________| 12 /26473 2/12/74
Fertilizer_. 4/8/14 712114
Petroleum 121473 5/9/74
Dairy__ 12/20/73 5/28/74
Leather___ 124773 4/9/74
Pulp and paper._. 1/15/74 5/29/74
Organics_..- Snpaas 4/25/74
Builders paper 1/14/74 5/9/74
Seafood ©o2/6/74 6/26/74
Timber_ ... 1/3/74 4/18/74
Iron and steel..._.. 2/18/74 6/28/74
Textiles. 2/5/74 7/5/14
Steam and electric power ..o o] 3/4/14 Not yet
published

Source: Envirenmental Quality. The Fifth Annual Réport of the Council an Environ-
mental Quality, 1974, Table 8, page 141. i



APPENDIX B

Principles for
Coastal Zone NManagement

Drawn up by

California Advisory Commission
on Marine and Coastal Resources

1. FinpiNgs AND DECLARATIONS

a. Legislative ﬁhdings should be brief and directed toward
the positive aspects of the regulatory scheme.

2. State CoastaL ZoNE MANAGEMENT

a. The state should provide leadership in aésisting local
governments in the planning and management of the coastal
zone.

b. Coastal zone management legislation should designate
a single state organization to provide leadership in the plan-
ning and management of the coastal zone.

¢. The state organization to be selected to administer the
plan of regulation should be directed by a board consisting of
persons qualified and experienced in the development, con-
servation or use of marine and coastal resources (e.g., con-
cerned with environmental quality, conservation and
recreation, living marine resources, land use planning and
coastal development, and economics' and law of natural
resources) and persons not required to have specialized
knowledge.

d. The state organization should be required to establish
continuing liaison and coordinate its activities with all other
major state and private agencies directly interested in the
administration of the coastal zone.

e. The state organization should be empowered to require’

periodic review and updating of all local and regional plans.

f. The state organization should be designated as the state
coastal zone authority for all purposes stated in any federal
coastal zone management legislation and be given the au-
thority to administer any statewide program of research and
planning pertaining thereto.

g. The state organization should be a clearinghouse for
planning information pertaining to the development and con-
servation of the marine and coastal resources of the state.

h. The technical advisory committee should consist of the
California, Advisory Commission on Marine and Coastal
Resources (“CMOC").

i. The advisory committee should be given the responsi-
bility to advise the state organization either when requested
by it or when deemed appropriate by the committee.

2. ReEG1oNAL CoasTAL ZONE MANAGEMENT

a. Coordination of this planning and management function
will require regional entities, encompassing aggregations of
several local governments,

_ b. Regional boards should be designated to supervise the
implementation of the program.

. ¢ Regional areas should be designated following county
lines and be functionally related to resource planning.

d. The governing boards for the designated areas should
consist of ‘persons qualified and experienced in the develop-
ment, conservation or use of marine and coastal resources
(e.g., concerned with municipal government, county govern-
ment, water use, environmental quality, recreation and con-
servation, land use and land use planning, living marine
resources, and economics and law of natural resources).

4. Locar GoverRNMENT CoAsTAL ZONE MANAGEMENT

a. The planning and management of the coastal zone is
primarily the responsibility of local government.

b. Planning and management of the coastal zone located
within the boundaries of units of local government are and
should remain primarily the responsibility of units of local
government in accordance with state criteria.

c¢. Loeal governments should coordinate their planning and
management within overall state policy and should administer
the coastal zone under the state’s certification.

5, PErMIT AREA BOUNDARY

a. The state organization selected should have legally
precise and ascertainable boundaries.

b. Any administrative discretion to expand the coastal zone
should be of short duration.

c. The practicability of the plan of regulation should be
consideredp in determining the extent of the defined coastal
zone, it being more desirable to have a coastal zone with
numerous exceptions based upon unquantified considerations,

6. CoastaLl ZonNE Poricy AND CRITERIA

a. The state organization selected should formulate and
adopt state policy for coastal resources conservation and
development.

b. Criteria for certification of local plans and programs
should be established and administered by the state.

c. To the extent practicable, principles underlying criteria
to be applied by any new state coastal zone management
should be established prior to or concurrently with the imple-
mentation of the regulatory aspects of that system.

d. The criteria to be developed should include components
for all lawful uses of the coastal zone and none should be
generically prohibited.

e. The criteria to be developed should facilitate an optimum
combination of all lawful uses in the coastal zone by a con-
sideration of all private and public benefits and costs resulting
from them.
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f. Special consideration in forming criteria should be given
to uses which cause irreversibility in potentially permanent
flow (e.g., renewable) resources.

g. The staff of the state organization selected should be
given the responsibility of preparing recommended planning
criteria.

h. A technical advisory committee should have the respon-
sibility to review and comment upon recommended planning
criteria.

7. CoasTaL ZONE PraN DEVELOPMENT

a. The state organization selected should ultimately in-
corporate the Comprehensive Ocean Area Plan (“COAP")
into the state plan,

b. The state organization selected should integrate regional
plans developed by the regional boards into the state program.

¢c. Regional boards should be required to prepare regional
plans incorporating coastal elements developed by units of
local government to the extent that the same are consistent
with the criteria developed by the state organization.

d. Regional planning entities should provide a compre-
hensive format for coordinated planning and management in
accordance with state policy objectives.

e. Primary responsibility for management of marine living
resources should not be affected by coastal zone management
legislation.

f. The state organization should certify conformance of
regional plans to state policy.

8, Lanp Use PermIiT SYSTEM

a. Units of local government should be required to_give
notice to the regional boards of permits granted for regulated
uses of the coastal zone with supporting data for the decision
made, and the regional boards should have the power to
review the same within a ‘designated period of time (e.g.,
30~60 days) to determine whether the decision meets with the
relevant criteria. If a regional board does not give notice of
nonconformance with such criteria within such period, the
permit shall be effective.

b. Regional boards should have the power to issue orders
to units of local government or their permittees to rescind
permits issued for uses not conforming to relevant criteria.

e Regional boards should have the power to obtain injune-
tions and other appropriate legal relief.

[

d. Where the matter is of regional concern, regional boards
should also have the power to hear appeals from denials of
permits by units of local government and to confirm or rescind
such action. :

e. The state organization should upon petition of an
aggrieved person, public agency, unit of local government or
its own motion review any action or failure to act by a regional
board with respect to any requested use of the coastal zone
considered not in accordance with state criteria.

f. State agencies should be required to give notice to the
appropriate regional board of regulated uses of the coastal
zone proposed to be made by them and of permits proposed
to be granted for such uses with supporting data for the
decision made with respect thereto. The appropriate regional
board should have the power to review the decision within
the designated period of time (30-60 days) to determine
whether the same meets with the relevant criteria of the
regional plan. If the appropriate regional board does not give

_ notice of nonconformance with such eriteria within such

period, the proposed use shall be deemed approved.

9. Economics AND FINANCING

a. The legislation should provide funding for all affected
governmental agencies at all levels to enable them to perform
assig_ned responsibilities in an adequate and timely fashion.

b. The state organization should be structured so as to
take maximum advantage of existing organization, personnel
and equipment.

¢. The state organization selected should allocate to the
regional boards from funds appropriated to it such monies as
may be necessary for their professional staffing and other
administrative expenses.

d. The legislation should recognize private property rights
in the coastal zone and require payment of fair compensation
in the event that any taking is effected thereunder.

e. The legislation should give appropriate recognition to
the effect of the plan of regulation of units of local government
and should provide a means for equalizing benefits as well as
costs incurred in environmental maintenance or sustaining
low density uses.
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ABSTRACT -

The extractive industries in the coastal zone consider all known mineral sources excluding
petroleum, that presently occur or may occur in the future within the estuaries, the nearshore
continental shelf waters, and the adjacent land areas within continental United States exclusive
of the Great Lakes. This includes all activities in the recovery of natural materials from the sedi- -
ments and rocks of the earth’s crust and from the water column and the preparation and treat-
ment of these natural materials in order to make them suitable for use.

Mineral extraction, excluding petroleum, is presently nonexistent in most estuaries and very
limited both in commodities and quantities in the few estuaries where extraction is taking place.
Any consideration of estuarine and offshore mining must deal with the potential. To develop
an adequate inventory of the resource potential of the United States coastal areas will necessitate
a massive and coordinated detailed study of the surface and subsurface geology. Most extractive
industries, whether in, adjacent to, or distantly remote from an estuarine system will have some
impact upon the pollution of the coastal zone; however, no two extractive industries will have
similar effects or degrees of pollution impact upon the estuarine system.

A basic knowledge of the minersl reserves and the general economic value to man is essential
prior to the development of any Jand and water use management plans involving the continued
development of our coastal zone. Economics of a given mineral resource may change dramatically
in response to new technological advances, discoveries of new ore deposits, or as industrial and
social demands change through time. Such changes can have drastic effects upon the same manage-
ment programs which define land and water uses. The resulting dilemma becomes of paramount
importance: the need to protect a delicately balanced estuarine system, upon which man is de-
pendent, and at the same time dramatically increase its use and modification for materials which

man is also dependent upon.

INTRODUCTION

This report on the extractive industries in the
coastal zone considers all known mineral resources
excluding petroleum, that presently oceur or may
occur in the future within the estuaries, the near-
shore continental shelf waters, and the adjacent land
areas within continental United States exclusive of
the Great Lakes. Also, it does not directly consider
the consequences of dredging, particularly as related
to channel and harbor dredging and maintenance.

The estuarine zone or coastal zone, as used in this
report, refers to the geographic region including the
coastal counties between the landward limit of tidal
influence and the three-mile limit to seaward (“Na-
tional Estuarine Pollution Study,” 1970, p. 5).

The estuarine zone is an ecosystem. That is, it is an
environment of iand, water, and air inhabited "ny plants
and animals: that have specific relationships to each
other. This particular ecosystem is the interface between
land and ocean. and one of its key components is
human society (p. 8).

In order to evaluate the mineral resource potential

of the coastal zone, one must first establish what the
mineral resources are. Any naturally occurring
material, whether it be an individual mineral, an
aggregate of minerals combined into unconsolidated
sediments or consolidated rocks, or a natural ma-
terial in the form of liquid or gas is a mineral re-
source if its physical or chemical characteristics
make it a desirable ingredient in man’s technological
society. Since almost all natural materials may be
usable resources in some form and at some {ime or
other, whether it be for general land fill, beach re-
plenishment, construction materials, or as a source of
some metal or fuel, all of the materials bounding and
oceurring within the coastal zone become potential
resources.

The extractive industries include all forms of re-
covery of natural materials from the sediments and
rocks of the earth’s crust and from the water column
comprising the oceans and estuaries. More specifi-
cally these include (1) breaking of the surface scil
in order to extract natural maserials; (2) all activities
or processes invelved in the extraction of natural

[%)
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materials from their original location; and (3) any
preparation and treatment of these natural materials
in order to make them suitable for use. This broad
array of activities associated with the mineral ex-
traction industries range from the exploration and
mining activities, to the processing and treatment
plants, to the complex transportation systems in-
volving pipelines, channels and harbors. The poten-
tial conflict with other coastal uses and the potential
impact of these activities upon the delicate balances
of the fragile and limited estuarine zone have given
birth to a dilemma that is slowly growing to prohibi-
tive proportions.

Various geologists have projected that. the major
mineral reserves in the United States, which are pres-
ently derived from land, will be exhausted by the
year 2000 (Moore, 1972). If this is the case, then
where are the future resources to come from?—the
coastal areas and the continental shelves! Since the
shelves are geologically nothing more than sub-
merged portions of the continent, McKelvey (1968)
believes that it is logical to assume that the mineral
potential should be roughly comparable to that
which has already been found on land. Partly for
these reasons, Moore (1972) projects a truly large-
scale undersea mining industry by 1980 with com-
plete dependence upon this source by the year 2000.
The fact that the United States Department of the
Interior has recently issued a “Draft Environmental
Impact Statement” in connection with undersea
mining, as well as a set of proposed regulations for
the actual leasing and mining of undersea hard rock
minerals, underscores the anticipation of the in-
creased development of these presently poorly known
resources. ‘

However, the total present world production of
minerals from the sediments and rocks comprising
the sea floor of the continental margins, excluding
oil and gas, is only about $470 million annually or
2 percent of the on-land production of these minerals.
Another $415 million worth of minerals are pres-
ently extracted from seawater making the present
value of all extractive resources from the marine
environment a minor part of the total mineral pro-
duction (Rigg, 1975). However, to date only a very
small percentage of the coastal and shelf environ-
ments have even been explored for anything other
than possibly petroleumn. If the major thrust for
future mineral resources is on the continental shelf,
then the coastal zone will play an ever increasing
role in the extractive industries. This role will in-
clude some mining itself, but probably of greater
significance will be the critical role the estuaries will
play in supporting the massive transportation sys-
tem and processing plants necessary for the offshore
extractive industries.

At the present time, it is nearly impossible -to
describe accurately or completely the location and
size of existing extraective industries in the coastal
zone, to say nothing about the mineral reserves. In
fact, the mineral resource potential of the estuaries
and continental shelves, with few exceptions are at
best only superficially known. The reasons for this
are: (1) the geologic and mining agencies that moni-
tor these industries do not differentiate the extrac-
tive operations that are related to the coastal zone
from any other region; (2) for competitive reasons,
the same agencies generally are not able to relate
production statistics and rarely do they have access
to good reserve information if it is even known; and
(3) detailed geologic investigation, exploration, and
research in the coastal zone is extremely expensive,
technologieally difficult, and generally a relatively
“new” science. .

Recent inquiries by the author, to the geological
surveys of the coastal states, underscored both the
lack of knowledge of the resources and the meager
effort to monitor any existing mineral extraction
within or adjacent to the estuaries .or the offshore
areas. In fact, much of the existing published data,
such as Table IV.2.8 entitled ‘“Major Exploitation of
Coastal Mineral Resources” in the “National Estu-
arine Pollution Study” (p. 124, 1970), is extremely
misleading. The table states that in 1967 there were
1,479 coastal operations in the United States ex-
ploiting $373,192,000 worth of minerals including 168
metal operations, but excluding all petroleum and
other mineral fuels. These numbers are only correct
if one includes all of the inland coastal plain areas.
A study of the case histories of specific estuarine
zones within the same publication, as well as in
“The Economic and Social Importance of Estuaries’
(Environmental Protection Agency, 1971) and the
“National Estuarine Pollution Study” (United
States Department of the Inferior, 1970) suggest
that mineral extraction is actually nonexistent in
most estuaries and very limited both in commodities
and quantities in the few estuaries where extraction
is taking place. To adequately know and inventory
the resource potential of the United States coastal
areas will necessitate a massive and coordinated de-
tailed study of the surface and subsurface geology—a
mammoth undertaking. Only slow, isolated, and
individual progress is presently being made in this
direction. v :

Consideration of estuarine and offshere mining
must deal with the potential sinee the present min-
eral produection from below the sea is limited to
only a few commodities, the major one being petro-
leum. However, tie present economie and technologi-
cal restraints, which are the major Hmiting factors of
mining the sea floor, are rapidly being overcome by
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the current efforts within the rapidly changing off- -

shore petroleum exploration and development. These
include: (a) a rapid annual increase in the number
of holes drilled; (b) an expansion into deeper waters
further from shore; (¢) a complementary increase
in the size and capabilities of the offshore drilling
rigs; and (d) an increasing sophistication of under-
water operating facilities and pipeline systems. As
the petroleum industry continues to expand its
exploration and operations into the coastal and
offshore areas, there will be an increase in the dis-
covery and recovery of associated minerals that can
be recovered by pumping and solution mining. Such
minerals as sulfur and potash occur in salt domes,
which aré major petroleum reservoirs. The sophis-
ticated technology necessary for the exploration and
mining of other types of mineral deposits from the
sea floor will quickly follow.

The United States’ economy needs over 4 billion
tons of raw mineral supplies to produce $175 billion
worth of domestically produced energy and processed
materials of mineral origin annually; the demand
still far exceeds the domestic production of both
raw materials and processed minerals (Morgan,
1974). The Secretary of the Interior issued in mid-
1973 his “Second Annual Report Under the Mining
and Minerals Policy Act of 1970,” in which he stated
that the “development of domestic mineral resources
is not keeping pace with domestic demand,” for niné
major reasons (Morgan, 1974) :

1, Mineral imports have an unfavorable impae¢t upon

the United States’ balance of trade and upon the United
States’ balance of payments;

2. Expropriations, confiscations, and forced modifica-
tions of agreements have severely modified the flow to
the United States of some foreign mineral materials
produced by United States firms operating abroad, and
have made other materials more costly;

3. United States industry is encountering greater com-
petition from foreign nations and supranational groups
in developing new foreign mineral supplies and in assur-
ing the long-term flow of minerals to the United States;

4. Development of the United States transportation
net is not keeping pace with’ demand, thus seriously
affecting the energy and minerals industries;

5. Removal of billions of tons of minera}é annually from
the earth contributes to a variety of disturbances;

6. The United States mining, minerals, metal, and
mineral reclamation industries are encountering increas-
ing difficulty in financing needed. expansion of capacity
and the introduetion of new improved technology;

7. Management of the resources of the public lands,
including the continental shelves, must be improved;

8. The factual basis for the formulation and implementa-
tion of environmental regulations must be improved, so
that man and nature are properly protected with
nug.lmum dislocation of important economic activities;
an

9. The United States Government information base for
the conduct of its mineral responsibilities is grossly
inadequate.

Morgan also points out that the world economy has
grown faster recently than the United States’ econ-
omy has; this has resulted in increased competition
for needed raw materials. Likewise, it is becoming
increasingly difficult to sell manufactured articles
in world markets to pay for imported raw materials.
Thus, the United States is faced with an ever-in-
creasing need for self sufficiency in mineral resources.
- Most extractive industries, whether in, adjacent
to, or distantly remote from an estuarine system
will have some impact upon the pollution of the
coastal zone. Since most of the drainage svstems
from the land ultimately end in the estuaries, the
drainage network funnels a great variety of con-
taminants into the coastal system. These contam-
inants are derived from a multitude of sources includ-
ing the extractive industries, agriculture, urban, and
industrial wastes. Consequently, coal becomes part
of the sediment load entering the Potomac River,
dissolved phosphorus enriches the waters of the
Pamlico River in North Carolina, and dissolved
metals reach San Francisco Bay from the mines in
the Sierras.

Ou the other hand, no two extractive industries
will have similar effects or degrees of impact. For
example, a sand and gravel quarry adjacent to an
estuary can be completely sealed so that no sediment
reaches the estuarine waters, while a mercury mine
many miles from the estuarine zone may contribute
minute but lethal concentrations of dissolved mer-
cury to the bottom muds. Unless the extractive in-
dustry is directly within the estuary, the processing
plants and allied industries utilizing the recovered
commodity will often have a greater potential or
actual long-term pollution effect upon the estuarine
system than the mechanical or the chemical extrac-
tion in an adjacent land or offshore area will have.

The economic value and demand for a given com-
modity is determined by (a) the specific qualities of
that material which in turn determines the tech-
nological uses; (b) the availability and concentra-
tion of the material; (¢) by the cost of recovering
and processing the commodity; (d) transportation
of the ore for processing as well as the distance fo
markets; and (e) time delays resulting from possible
restraining orders, hearings, and court litigations.
Knowledge of these parameters is essential prior to
the development of any land and water use manage-
ment plans involving the continued development of
our coastal zone. However, the economics of a given
mineral resource may change dramatically in re-
sponse to new technological advances, discoveries
of new ore deposits, or as industrial and social de-
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mands change through time. Such changes can have
drastic effects upon the same management programs
which define land and water uses.

As we begin to go to the sea for more of our mineral
resources to offset dwindling onshore supplies,
spiraling prices, and satisfy the increasing need for
national independence, new pressures will develop.
These new pressures, when combined with the exist-
ing pressures of growing technology and population,
can only have significant increased pollution impact
upon an already environmentally overstressed
coastal system. According to the “National Estu-
arine Pollution Study’ (1970, p. 20), the coastal
counties of the United States contain 15 percent of
the land area; however, they carry 33 percent of the
population and 40 percent of all manufacturing
plants in the United States—and they continue to
grow. Thus, man’s dilemma continues to grow—the
need to protect a delicately balanced natural system,
upon which man is dependent, and at the same time

. dramatically increase its use for materials on which
man also depends. .

Before discussing the specific extractive industries
in the estuarine zone, the interrelationship of man
and mineral resources should be put into proper
perspective. This interrelationship is summarized by
T.S. Lovering (1969, p. 110):

Whether a particular type and grade of mineral con-
centrate at a particular location in the earth’s crust is
or can become an ore (a deposit that can be worked at
a profit), moreover, depends on a variety of economic
factors, including mining, transportation, and extractive
technology. The total volume of workable mineral
deposits is an insignificant fraction of 1%, of the earth’s
crust, and each deposit represents some geological
accident in the remote past. Deposits must be mined
where they occur—often far from centers of consumption.
Each deposit also has its limits; if worked long enough it
must sooner or later be exhausted. No second crop will
materialize. Rich mineral deposits are a nation’s most
valuable but ephemeral material possession—its quick
assets. Continued extraction of ore, moreover, leads,
eventually, to increasing costs as the material mined
comes from greater and greater depths or as grade
decreases, although improved technolegy and economics
of scale sometimes allow deposits. to be worked, tem-
porarily at decreased costs, Yet industry requires
increasing tonnage and variety of mineral raw materials;
and although many substances now deemed essential
have understudies that can play their parts adequately,
teialhnology has found po satisfactory substitutes for
others. : : :

THE EXTRACTIVE INDUSTRIES
AND THEIR POLLUTION IMPACT
UPON THE COASTAL ZONE

The extractive industries that occur either within
the estuaries, on the nearshore continental shelf, or
adjacent land areas can be placed into three general
categories: the surface, subsurface, and aqueous

Table 1.—Categories of extractive resources and their development potential
within the coastal zone

Resource potential
Resource Extractive
category resources Past or Near Lang
current future | range
production
Surface deposits
Unconsolidated to
partially consolidated
sediment__.___.__.__] Total sediments ok ok ek
Shell gravels K s ok
Quartz and rock
gravels * o b
Light mineral sands * * *
Heavy mineral sands ok *k ok
Salt * * *
Clay minerals * * ¥
Phosphate * B ok
Peat * * *
Consolidated Rock-..._..- 1 Rock aggregate NP * *E
Limestone NP * *
Subsurface deposits
Pumpable materials
Gas and fluids.....__.. 0il ok ok ek
Natural gas ok ook ok
LPG Heiek setole solok
Geothermal energy * ok
Scluble solids....__..] Sulfur Fx i ik
Potash * #k bk
Salt * il ok
Slurry solids.__._.._] Phosphate NP i ol
Glauconite NP * *
Sand NP * ol
Partially consolidated to
consolidated rocks Phosphat NP o ok
Fuels (coal, uranium,
etc.) ) NP ek etk
Metals (gold, silver,
copper) NP *k e
Aqueous deposits
Chlorides i * *
Magnesium ook ok ik
Bromine Holok * *
Fresh water * ok ok
Other materials NP * ok

KEY: NP—No known production
*—Minor source or potential
#k—Moderate source or potential
FkMajor source or patential

deposits (Table 1). Each category of deposit has its
own type of materials and problems associated with
recovery and consequently, will be considered
separately.

Surfage Deposits

The natural materials occurring ‘within or con-
stituting the surficial deposits of the estuarine zone
are not only extremely varied in composition, but
also in their potential use (Table 2.). In general, the
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Tél;le 2.—Utilization of surficial sediment deposits

Tatal

Land fill, construction, beach maintenance

Sediment

Lime for cement
Agricultural lime

Shelt
Gravel .
Fraction L
Quartz and rock fragments

Construction and road foundation aggregate
Beach foundation

Poultry grit

Oyster foundati

High si!ica sand
Building and paving sand

Feldspar sand
Beach replenishment sand’

Titanjum (rutile, illmenite, and leucoxene)
Zirconium (zircon)
Rare earths (monozite, xenotime)

. ’ Light minerals
Total Sand
Surficial Fraction
Sediment
Heavy minerals~

(Also occur within the silt fraction)

Refractories (kyanite, sillimanite)
Valuable metals (gold, tin, platinum, chromium)
Phosphate

A AN

Clay Clay minerals — Ceramic industries:
Fraction : brick, tile, earthenware, stoneware, refractories, etc.
\Peai Soil improvement, horticulture, etc.

materials in this category are unconsolidated or
poorly consolidated sediment which are capable of
being dredged directly without the problems of
removing overburden sediments or breaking up
consolidated materials. These materials are generally
only renewable over extended periods of time. Under
local high energy conditions, and if there is an ad-
equate source and supply, some sediment deposits
can be rapidly renewed; examples of such deposits
are sands and gravels associated with inlets, near
shore shoals and capes, and river mouths.

For the most part the deposits considered here are
low value commodities (the exceptions being some of
the heavy minerals, Table 2.) that require very
modest, if any, benefaction or preparation prior to
use. Also, because of this low unit value, the com-~
modities have limited and often local markets that
are dictated by the very high transportation costs.
Consequently, most operations are very small scale,
low budget, and temporary depending on the highly
variable local markets and economies.

The surface deposits represent the most widely
exploited group of mineral resources within the
coastal waters today, with the major exception of
petroleum. The present and future importance of
these surface resources and the resulting pollution
potential to our estuarine system, will be considered
in more detail. The surficial deposits include the
following commodities: sand and gravel, heavy and
light minerals, shells, clay, peat, and total sediment
forland fill,

SAND AND GRAVEL

The rising demand for sand and gravel is reflected
in the total United States consumption which has
accelerated from 500 million tons in 1954 to 980 mil-
lion tons by 1970, with a projection of 1,670 million
tons by 1985 and. 2,530 million tons annually by
2000 (Grant, 1973). The rate of consumption of
sand and gravel during 1970 amounted to 5 tons per
capita, which is greater than all other mineral com-
modities extept water (McKelvey, 1968). Most of
this sand and gravel comes from the land, even so,
sand and gravel probably represent the most im-
portant commodities recovered from the coastal
zone in terms of both volume and value. However,
sinee no records are kept of production in the estu-
arine zone, the commonly quoted values are highly
suspect. Nevertheless, the explosive urban and
industrial growth in the coastal areas, which demand
an ever-increasing amount of construction aggregate,
is rapidly depleting the known land supplies in
nearby areas or is burying them in their urban
sprawl. SBince most of the cost of these essential low
unit-value commodities is in transportation, a proxi-
mal location to the market is essential. However,
since such large reserves and acreages are necessary,
faced with strong urban zoning restrictions, resource
development near the markets in metropolitan areas
becomes essentially prohibitive. Thus, as transporta-
tion costs rise and as land supplies dwindle, the ex-

- tensive and high quality deposits of submarine sand
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and gravel occurring in the coastal zone become
increasingly more attractive. England has already
been forced to the sea to supply over 13 percent of
the required aggregate, utilizing 75 ocean-going
dredges representing 32 companies (Hess, 1971).

Manheim (1972) estimated that 400 billion tons
of sand grading 75 percent or more are present in the
upper three meters covering 20,000 square miles of
the continental shelf off the northeast United States
coast. Pings and Paist (1970) have estimated that
sand deposits cover about 50,000 square miles of the
Atlantic shelf and areas about half as large on both
the gulf and Pacific shelves. Extensive gravel de-
posits have been outlined north of Barmount Bay
off the New Jersey coast (Schlee, 1968), within
Massachusetts Bay, the Gulf of Maine, and on the
Florida shelf (Rigg, 1974). Pings and Paist (1970)
believe that the offshore sand and gravel industry is
still in its infancy and will grow and develop ex-
tremely rapidly due to the abundance of suitable
deposits in shallow water near markets and the
relative ease with which materials can be recovered,
classified, and transported by barge. This will be
particularly true in the Boston to Norfolk megalop-
olis. Detailed studies are already underway in the
coastal and offshore areas of most other coastal states
to define the potential of these resources with the
U.8. Army Corps of Engineers doing much of this
work through the Coastal Engineering Research
Center.

In addition to the massive needs of aggregate for
the construction industries, another important use
is emerging for the submarine sands and gravels.
During 1973, millions of eubic yards of sand were
pumped from Cape Hatteras, N.C., to the nearby
beaches by the National Park Service. This major ef-
fort to replenish 2.2 miles of lost beach with sand
is only temporary since shoreline recession in this
area has averaged 9 meters per year for the past 100
years (Dolan, et al, 1973). This is becoming an ever
increasing problem around the entire country as the
rate of shoreline development spirals. The Corps
of Engineers estimates that about 7 percent of the
United States shorelines are experiencing critical
coastal erosion while an additional 36 percent are
experiencing slight to moderate erosion (1971).
Where is the sand going to come from if the beaches
are to continue to be replenished, particularly when
the sand has to be of a eertain grain size which is in
equilibrium with that particular energy regime? This
resource problem is a little more difficult than loeat-
ing construction aggregate.

Hravy AND LicHT MINERALS

Many of the sand resources of the coastal area
contain varying concentrations of heavy and light
minerals that have significant economic value. The
heavy minerals (minerals with high specific grav-
ities) include the titanium and refractory minerals,
zircon, monazite, and the less common minerals
such as gold, tin, platinum, chromium, and diamonds
(Table 2.). These minerals occur concentrated
in placer deposits in drowned river channel deposits,
modern beaches, and old beaches on both the ad-
jacent coastal plain and continental shelf that were
formed during fluctuations in the sea level. These
minerals are commonly mined from similar types of
deposits on the land, but rarely have they been
successfully mined in the offshore zone. In spite of
the lack of past economic development of these
coastal deposits within the United States, heavy
minerals are extremely popular and have been and
are presently being extensively studied in the marine
sediments in most coastal states. Many of these
studies have been in connection with the heavy
metals program of the United States Geological
Survey, which was initiated in 1966 to stimulate
domestic production of a small group of eritical
metals including gold. Some of these metals, such
as gold, tin, platinum, and chromium, will probably

"be dredged from the United States sea floor in the

near future simply because they are in considerably
short supply. The Pacific shelf has known deposits
of gold off California and Oregon, chromium off
Oregon, and gold, tin, and platinum off the Alaskan
coast.

The light minerals (minerals with average or less
than average specific gravities) include pure quartz
or high silica sand or feldspar-rich sands which can be
used as a source of potash (Table 2.). Both of these
commodities are of considerably less value than the
heavy metals, and are very abundant on land; con-
sequently, the potential of these commedities being
economically extracted from the sands in the marine
environment probably lies sometime in the future
yet.

SuELL

Shell aggregate is commonly dredged from shallow
estuarine waters and adjacent land areas in several
portions of the United States coastal zone. The shell,
mostly from old oyster reefs, is primarily used for
aggregate in road building and concrete, the manu-
facture of Portland cement and lime, and in small
amounts, for miscellaneous markets such as poultry
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grit and cultch material for modern oystering.
Generally, the total land resources of calcite (CaCO;)
in the United States are presently adequate. How-
ever, in local metropolitan regions, this resource is
often unavailable or lackings then transportation
and land values again become the controlling factors
and the estuarine shell deposits become an alternate
supply.

The largest production of shell comes from the
gulf coast states including Texas, Louisiana, Missis-
sippi, and Alabama with lesser amounts produced in
Florida and California. Some minor production has
come from the mid-Atlantic states of Virginia,
Maryland, and New Jersey. The State of North
Carolina is presently carrying out a shell survey
within some estuaries. Extensive shallow Pleistocene
oyster reefs and marine shell beds underlie the estu-
aries and the mainland areas adjacent to the estu-
aries in northeastern North Carolina (Riggs and
O’Connor, 1972). Since extensive limestone ‘deposits
outerop along most of the North Carolina coast, the
muddy shell deposits are only locally mined for land-
fill purposes. Most of the central and south Atlantic
coastal states have a similar geologic setting with
abundant limestone just inland from the coast.
Consequently, the need for and the probability of
developing the estuarine shell resources in these
areas is minimal. The north Atlantic states have only
minor shell deposits due to the occurrence of ex-
tensive glacial sand and gravel deposits throughout

_the coastal zone.

In contrast to the Atlantic coastal plain, the Texas
coastal zone has limited limestone, gravel, and
crushed stone reserves to supply the needs for con~
structional aggregate, cement, and the large chemical
industrial complexes. These massive needs are sup-
plied largely by the extensive shell dredging indus-
try in the shallow Trinity, Galveston, and San
Antonio Bays, about 75 percent of current produe-
tion coming from the latter. The shell oceurs as
distinet reefs either at the bay bottom, which sup-
port living oysters, or buried at varying depths
within the bay muds. Sheli production began in the
late 1800°s and continued slowly until the 1950,
reaching peak levels during the last 15 years (Fisher,
et al, 1973). In 1971, production began to fall off
considerably, due to both rapidly diminishing re-
serves and increasing environmental pressures.

CrLAY

Clay is another low unit cost commodity critical to
the construction industries and therefore is related

to the metropolitan markets; thus, transportation
costs and land values are again the critical parame-
ters. Clay is primarily used in the ceramic industries
for building bricks, refractories, tiles, et cetera.
Since clay deposits are exiremely common and
widespread on the land there is little need to develop
submarine clays. Nevertheless, clay is a major
sediment, type which is being deposited in the modern
estuaries, as well as oceurring in the older Pleistocene
sediments. Riggs and O’Connor (1974) have de-
scribed extensive clay wedges in the estuaries of
northeastern North Carolina. The proximity of these
clay deposits to the Norfolk metropolitan area which
is a great distance from the nearest brick factories
has provided some potential economic value to an
otherwise noneconomic sediment. Similar Pleistocene
clay deposits in the Myrtle Beach, S.C., area are
presently being exploited as raw material for brick.

Prar

Extensive peat deposits commonly oceur in the
protected  estuarine intertidal salt marshes and
freshwater swamps. These low energy transitional
zones from water to land represent areas of rich
organic growth which produce the thick peat ac-
cumulation of partially decomposed organic matter.
This peat is used in horticulture for soil improve-
ment; however, this market is both local and some-
what limited. Consequently, most peat extractive
industries are very small operations.

TorAL SEDIMENT

Probably the most common form of extractive
industry in the estuaries is the dredging of sediment
for adjacent land fill and shoreline modification
purposes, in which case the sediment itself has a low
unit value. This whole category seems to be a very
gray zone that nobody claims, acknowledges, or
considers as a legitimate part of the minerals indus-
tries within any of the coastal states. This total

-sediment dredging includes everything from landfill

itself to beach replenishment, ditching for mosquito
control, drainage of marshes for agriculture and
logging, stream channelization, harbor development,
and finally, into channel dredging and maintenance.
This extractive industry represents by far the great-
est volume of material extracted directly from the
estuaries. As a result, it probably has a far greater
pollution impact upon the estuaries than all other
forms of mineral extraction.
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PorruTioN EFFECTS

The pollution effects resulting from the extraction
of the surface sediments by mine dredging are no
different than those from conventional channel and
harbor dredging. In fact, the latter probably rep-
resents by far the single most important form of
‘“‘estuarine mining” that takes place in our coastal
waters. The subject of channel dredging is being
treated in considerable depth independently within
the study of estuarine pollution. In general, the
pollution effects of the extraction of mineral resources
from the surface sediments within the coastal zone
can be summarized as follows:

1. Since there is often very little processing other
than washing and sizing, surface sediment operations
are less likely to contribute chemical pollution to the
coastal system. Likewise, they generally contribute
minimal amount of dissolved metals and substances
to the coastal waters.

2. Extraction operations of surface sediments on
the land areas adjacent to the estuaries can generally
be carried out in shallow closed systems so that little
deleterious sediment escapes into the eoastal waters
and there is minimal impaet upon the groundwater
system of the region.

3. On the other hand, the extraction operations
within the estuarine waters can produce vast amounts
of sediment pollution and have a dramatie impact
on the physical-chemical character of the estuaries.
More specifically, these include the following:

a. Large amounts of sediment will be suspended
producing increased water turbidity. This tends
to decrease organic productivity by affecting
light penetration and the resulting photosyn-
thesis. More importantly however, these in-
creased suspended sediments can drastically
change the bottom sediment patterns and the
resulting benthic floral and faunal populations.
In a study by Riggs and O’Connor (1974) in
the nearshore area off Pinellas County, Fla.,
the effects of the high amount of organic rich
suspended sediments derived from landfill dredg-
ing in Boca Ciega Bay had a drastic effect upon
the nearshore environments around John’s Pass.
The suspended sediments in the murky estuarine
waters are pulled out of suspension primarily by
“filter-feeding benthie organisms (mostly poly-
chaetes) and excreted as fecal pellets which
then accumulate in extensive ephemeéral de-
posits.” The resulting pelletal muddy sand
populated by polychaetes is rapidly displacing
the “more desirable” populations including the
beautiful and extensive “sponge gardens’” and

associated invertebrate and fish populations
which oceur throughout this nearshore area.

b. The removal of materials from the estuarine
bottoms and the disposal of spoils ‘produces
great modifications of the bottom topography.
Such changes have dramatic effects upon the
remainder of the estuarine system which include
circulation and the resulting water chemistry
(salinity, dissolved oxygen, et cetera.) The
deepening of the water and the steepening of
slopes will also increase wave-induced erosion
of the adjacent estuarine shorelines.

e. In addition, these extraction processes pro-
duce temporary disruption of the productive
habitat and oftentimes a permanent change in
the type of habitat. For example, generally a
greater area will have deeper water and steeper
slopes after the dredging than existed prior to
dredging, thereby producing & net loss of the
more productive shallower water environments.
This would result in major changes to the bio-
logical population inhabiting the area as well
as a loss of the shallow breeding grounds.

4. Most extraction operations of the surface sedi-
ments on the continental shelves could probably be
carried out with a smaller immediate and less far-
reaching pollution impact upon the estuaries than
direct estuarine mining itself. However, since there
are so many variables such as geographic location,
character of the sediment, local current system and
energy levels, et cetera, each specific circumstance
must be considered independently. For example, a
recent effort to extract gravels from the shelf in
Massachusetts Bay was temporarily halted because
of the sediment dispersal patterns from the dredge
site (Nelson, 1974).

In summary, the extraction of surficial deposits in
the estuarine zone has extremely variable effects
upon the estuarine system. Exploitation of land
deposits adjacent to the estuaries should be allowed
to fully develop to supply the local needs, however,
only with strong controls for handling and dis-
charging surface waters, effluent control, and recla~
mation. Exploitation of the vast potential resource
wealth in the offshore area should be encouraged,
but again, only with strong controls which allow
each deposit or operation to be evaluated indepen-~
dently. On the other hand, extraction of the surface
deposits within the estuary itself should not be
allowed. The resources in the surficial deposits are
usually stimulated by local economic development
and are absorbed into the local urban development
and do not spawn significant new industrial and
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Table 3.—Relationship of type of mineral resource to the general resource value and cost of production within the coastal zone
Mining method

Resource category Examples

Present status Value Cost

' Surface Deposits
Unconsolidated - to- partially consoli-| .

Abundant Production

dated sediment.___ Sand, gravel, shell, etc. Dredge
G lidated rock..... Crushed rock and limestone Explosives and dredge No Production (only for channel
) dredging, pipelines, etc.)
Subsurface Deposits
Pumpable materials .
Gases and fluids_________.____| 0il, gas, LPG Drill hole (pumping) Very Abundant Production
Soluble selids. - oooeommee smfur, potash Drill hole (solution mining) Abundant Production
Unconsolidated sediment__-...____ Phosphate. Dredge (istand damming and open | No Production (technology being]
] pit) developed) . .
Phosphate Drill hole (slurry mining) Moderate Production

uoijeylojdxa 1o0j sjqejieAr
uolye)o|dxa pue uoyeiojdxs
10 JS00 Uf 3seardu| [e1oLaY

Consolidated sediménta}y and crystal-| Coal, iron, oil shales, metals (gold,{ Hard rock underground mining

line racks silver, copper, etc.) methods

No Production (technology available|
for working from adjacent land
areas or artificial islands)

| ~agumams $B21N0S0I 81} JO SN|RA U} ISEIIIU] JRIBLAT

economic development. Also, most often these com-
modities can be replaced with other low unit cost
alternative materials, including natural, manmade,
and waste products. The short-term gains of low
unit value materials cannot justify the increased
pollution and modification problems in an already
highly stressed system which plays such an important
role in the productivity of the oceans.

Subsurface Deposits

The extraction of natural materials from the sub-
surface is a much more expensive operation which
requires more sophisticated technology and equip-
ment than the extraction of surficial materials.
Consequently, the types of materials that can be
recovered from the subsurface are the glamor com-
modities which include the fuels, the metals, and the
higher unit cost non-metallic resources (Table 3.).
The deeper in the ground or the further to sea one
has to go to recover these commodities, the higher
the cost and the more “‘glamorous” the material has
to be. Also, the technical problems and the cost of
recovery increases dramatically as we move from
the materials that can be pumped to the surface, to
unconsolidated sediments, to consolidated- rock
(Table 3.). These three categories represent a
logical approach to discussing the extraction of
specific materials and their resulting pollution poten-
tial upon the coastal system.

PuMPABLE MATERIALS

Quantitatively, the most important materials in
this category are natural gas, oil, LPG, ground
water, and geothermal energy. Because of the ex-

treme importance and size of the extractive indus-
tries associated with these commodities, they will be
considered separately in another report.

The other natural materials included here are the
soluble solids which include sulfur, salt (NaCl), and
the various potash minerals. All three of these
materials are associated with evaporite deposits and
the resulting salt domes, which are in themselves a
very important reservoir trap for petroleum. Since
salt domes commonly occur in the coastal zone and
on the continental shelves, and because of the rapid
increased exploration and development of offshore
petroleum, the future increased extraction of these
commodities in coastal areas is pretty much assured.

Presently, sulfur is the only soluble solid being
produced from the coastal zone in the United States;
however, salt and potash are being produced by
solution mining from inland Canada. The presently
known deposits of sulfur occur in the Texas and
Louisiana estuarine zone, with present production
coming from only one offshore area in Louisiana.
The extraction of sulfur is from many wells located
on fixed, above-water platforms. Utilizing the Frasch
method of solution mining, the sulfur is then pumped
through heated pipelines to processing plants on
land.

The pollution problems associated with solution
mining in the coastal zone can be summarized as
follows:

a. The. problems of leaks, breaks, and effluent
{(hot water, brines, drilling mud, et cetera) associated
with solution mining and pipeline operation;

b. The problems resulting from the operation and
maintenance of the big equipment associated with
drilling, pumping, and transportation;
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¢. The most important problem, particularly with
petroleum, of the allied industries which are estab-
lished in nearby coastal waters.

UNCONSOLIDATED TO PARTIALLY
CONSOLIDATED SEDIMENTS

This category would include any mineral resource
that oceurs in the subsurface in soft or unconsolidated
sediments that are diggable. The major resources
that presently fit into this category are phosphate
and possibly coal and oil shale. Coal is mined from
below coastal waters in many places around the
world ; however, in the United States the underwater
coal potential does not appear to be very great and
oil shale is probably down the road some. On the
other hand, both the Atlantic and Pacific coastal
waters have vast phosphate reserves which oceur
primarily in the subsurface with only small surface
conecentrations.

The outer coastal plans, estuaries, and nearshore
shelf areas of North Carolina, South Carolina,
Georgia, Florida, and California have tremendously
large and extensive beds of phosphorite sediments
that occur under from 10 to several hundreds of
feet of overburden sediments. In Beaufort County,
N.C., the Pungo River Formation is presently being
strip-mined directly on the banks of the Pamlico
River estuary. Three million tons of phosphate have
been produced annually for the past eight years
from a 50 foot bed below 90 feet of overburden. The
operating company is presently doubling its plant
capacity while another company has just recently
announced its plans for opening a new mine next
year. The projection for the new mine is to produce
4 to 5 million tons a year by 1977. The operating
company controls 30,000 acres which contain over
2 billion tons of phosphate reserves. Of this, 10,000
acres occur on o state mining lease below the
Pamlico River estuary. In fact, this very rich
phosphate bed underlies not only several large
counties in eastern North Carolina, but hundreds of
square miles of the Pamlico Sound and Neuse and
Pamlico River estuaries. The existing phosphate
mining operation has had a very small direct impact
upon the adjacent estuaries. Hobbie, et al (1972)
reported that the addition of phosphorus in the
estuary resulting from the adjacent phosphate mine
was irregular, but small, producing only slightly
higher concentrations than normal. The periods of
high photosynthesis within the estuary are a direct
function of nitrate fluctuations coming from up-
stream and not the phosphorus. There have also
been only very minor effécts upon the major fresh
water aquifer directly beneath the phosphate bed,

due to the need for heavy pumping to dewater the
large open-pit mine.

Similar extensive subsurface deposits of phos-
phorite occur in the coastal areas extending from
Charleston, S.C., to south of Savannah, Ga. An
attempt by a major mining company in 1966 to
mine part of the 7 billion tons of phosphate reserves
occurring under the coastal marshlands and estuaries
of Chatham County, just east of Savannah lead to
a major study by the University of Georgia System
(1968). This report studied the geology and economic
potential of the deposit, as well as the effects of
mining upon the ground-water system. Even though
the report was generally favorable, mining was com-
pletely blocked by the environmental aspeets of the
potential open-pit dredge mining. Furlow (1972,
p. 226) said that:

. . . public opinion, aroused by conservation groups two
years ago, is still so adamantly opposed to mining
marshland and disrupting ecological c}flains that I can
foresee no time in the future when marshland mining
will be allowed. These conservation groups have only
to point to phosphate mining areas in Florida as prime
examples of what would happen to the Savannah ares.

Drill hole information from the Georgia Depart-
ment of Mines, Mining, and Geology suggests that
the Chatham County deposit extends offshore at
least 10 miles and possibly as much as 20 miles with
small overburdens, high grades, and large tonnages.
Furlow (1972, p. 228) concludes that the:

... future of phosphate mining in Georgia lies entirely
in the offshore area rather than in the marshlands.
Offshore dredge mining, while more difficult and ex-
pensive than onshore mining, can be accomplished with
present or presently developing technology. Last, but
certainly not least of mining considerations, conservation
and ecologically-oriented groups would have far less
objection to offshore mining than they would to mining
in the unspoiled marshes of Chatham County.

The California Continental Shelf also has extensive
deposits of phosphate sediments. In fact, these
deposits were planned for development in 1961; the
United States Geological Survey subsequently sold
its first and only hard mineral lease on the con-
tinental shelf in April 1974 (Rigg, 1974). However,
this sale involving six tracts and totalling 30,000
acres, was subsequently cancelled by the United
States Geological Survey when it was learned that
there was a World War II munitions dump on the
lease site.

The exploitation of the unconsolidated sediments
from the subsurface generally represents tremendous
earth moving operations utilizing open-pit strip
mining techniques with massive equipment. Vast
acreages are involved in both recovering the exten-
sive beds of reserves and treating and disposing of
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the waste materials. It has been demonstrated in
North Carolina that such operations can safely take
place on the lands adjacent to the estuaries with
only very minimal pollution and direet environmental
impact upon the estuaries. However, similar mining
operations in central Florida, 20 to 50 miles inland
from the coastal zone, have been extremely damaging
to the estuaries; upon occasion the wall of a slimes
pond will fail, sending millions of tons of mud
downstream.

Similar types of mining operations are technically
feasible within the estuarine waters; the shallow
waters can be filled, or even diked and drained
-allowing for either open-pit dry mining or under-
water dredge mining. However, due to the extremely
large land requirements, the vast amounts of earth
movement, and the problems of the resulting waste
materials, there is a tremendous permanent modifi-
cation of the estuarine environment and system.
Also, a great potential exists for massive estuarine
damage resulting from broken dikes during major
storms and storm tides.

Offshore mining of these deep phosphate reserves
is technologically and economically questionable at
the present time. The two greatest factors are
probably the high energy levels of the Atlantic and
the economic factors of ore dilution with dredge
mining. With respect to the potential effect upon the
adjacent estuarine systems, each situation would
have to be individually evaluated as with offshore
surface mining.

The technology which would allow surface mining
of phosphates utilizing a subsurface pumping method
is actively being tested on the deep phosphate
deposits in North Carolina, If this pumping proce-
dure can be adequately developed, it could provide
a satisfactory alternative to open-pit mining for
recovering the vast estuarine and offshore phosphate
deposits with minimal estuarine damage.

CoNsoLIDATED Rock

Because of the high cost of hardrock mining in
the subsurface, the only potential mineral resources
that can be economically considered in this category
are the glamor metals (gold, silver, copper, lead,
zine, et cetera) and the fuels such as coal and
radioactive minerals. Extensions of underground
mines from adjacent land areas have been producing
about 30 million tons of coal per year from under
the sea in eight different countries for a long time
(McKelvey, 1974). The fact that there are at
present no such undersea mines in the United States
does not indicate the potential. Since the continental
shelves are merely the submerged portion of the

continents, they can be expected to contain similar
mineral resources as the continents. For example,
a copper and zinc deposit below the tide flats of
Penobscot Bay in Maine was originally mined from
three underground shafts (Smith, 1972). More
recently, a 90-acre salt marsh was dammed and
drained for a short-lived open-pit operation. The
environmental pollution problems included salt
water encroachment into the fresh water aquifer,
silting and water turbidity, and heavy metal con-
tamination in the estuary.

Technology presently exists for mining below the
estuary from shafts on the mainland or from man-
made islands within the estuary. The technology
already exists for using a lock tube seated in a shaft
cored by a big-hole drill supplying vertical hole
entry with an open air underground mine. This
would allow for the use of the same mining tech-
niques as used on land (McKelvey, 1968). To date,
this technology has not been put into operation in
the nearshore ocean environments. This, however, is
not too far in the future. Moore (1972) believes that
the technology will exist and the need will be great
enough to support large-scale mining of noble and
base metals from the shelf by 1980 with almost total
dependence upon this source by the year 2000.
A pretty firm basis has already been well established
for such a prediction—the present transition of the
major petroleum reserves to the coastal and offshore
shelf environments. Another important factor that
is involved here is that at present only a very small
percentage of the coastal and inshore shelf has been

~explored for anything other than petroleum.

The potential impact upon the estuaries of sub-
surface hard rock mining on land is extremely
variable and is only partially dependent upon its
proximity to the estuary. Regardless of its location,
resulting heavy metal contamination of the estuarine
waters and bottom muds is common. On the other
hand, those operations which are in close proximity
to the estuarine system could also have a more
direct impact upon both the groundwater and
estuarine waters.

PorLution ErFrFECTS

The potential pollution impact resulting from sub-
surface mining within the estuary and nearshore
environments is probably not as great as surface
mining in the same areas would be. This type of
extractive operation would cover smaller areas, move
smaller volumes of material, and would not be
directly connected with the water column, which
means that it generally would be 1 cleaner operation.
The major impact would be associated with the
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barge transportation of the ore and the necessary
processing plants located on the nearby coastal area.
The potential chemical and sediment pollution
resulting from hardrock-metal benefication plants
a.nd smelters is generally very great.

Aqueous Deposits

Most of the elements known on the-earth’s surface

can be found in seawater. These various chemical
constituents comprise an impressive 165 million tons
of dissolved solids per cubic mile of sea water in
the world’s oceans. This amounts to a total mineral
reserve of 50 X 10% tons for the 330 million cubic
miles of sea water, thus forming the largest con-
tinuous ore body available to man (Shigley, 1968).
However, the concentration of most of the elements
is 80 low that only very, few are presently and
probably will be economically exploitable in. the near
future., Four groups of commodities are presently
being extracted, or recently have been extracted,
from sea water in the United States; these include
the chlorides (including ecommon salt), the mag-
nesium compounds and magnesium metal, bromine,
and water. In addition to these, the ocean waters
may some day yield the most important source of
energy for the long-term solution to the ever-
increasing energy needs—deuterium. Deuterium is
a heavy isotope of hydrogen useable in the process
of fusion; the ocean waters contain 25 trillion tons
of deuterium (McKelvey, 1974)-—so much that
only 1 percent would supply about 500,000 times
the world’s initial supply of fossil fuels; the total
could supply the world’s energy needs for 120 million
years at 40 times the 1968 level. (Holdren and
Herrera, 1971.) It also appears that deuterium can
be extracted from sea water without any ill effects
upon the water and biological system.
. Technological processes have been developed for
recovering all of the major elements and many of
the minor elements dissolved in sea water. However,
only four groups of materials are presently being
economically extracted on a large scale. A brief
discussion of each of these groups follows. .

Soprum aNp Carcrum CHLORIDES

These two commodities ‘are presently being pro-
duced by solar evaporation behind extensive diked
flats in the estuaries of San Francisco Bay, Calif.
Recently, salt was also produced in similar evapora-
tion flats in Newport and San Diego Bays, Calif.
However, due to the extensive acreages of estuarine
flats necessary for this operation and the extreme

urban pressure for development, the latter two have
closed. It is not likely that future fields will be opened
since salt is readily available from brines, rock-salt
mines, and as byproduets of potash mining. The
environmental pollution resulting from the salt
operations is very poorly known and is generally
thought to be minimal. This is pointed out by the
recent establishment of a National Wildlife Refuge
in San Francisco Bay which includes 12, 243 acres
of salt company lands, most of which is used for
salt production. The company has been assured,
however, that continued salt production is con-
sidered compatible with the Refuge (Davis and
Evans, 1973). However, the diking of the estuarine
flats, along with the resulting bitterns from the salt
operatlons definitely does modify the geometry,
chemistry, and the biota of the coastal environment.

MaenEstuM CoMPOUNDS AND METAL

Many of the various compounds of magnesium
produced in the United States are derived from sea
water in eight coastal plants-operating in six states
(Table 4.). Thé remainder of the magnesium is
produced from well brines and magnesium minerals.
The process involves adding the sea water to lime
solutions, forming a magnesium hydroxide precipi-
tate. The lime is generally derived from oyster shells
which aré dredged from the estuaries. ‘Magnesium
metal is also produced from sea water at the Dow
Chemical Company plant in Freeport, Tex. In 1972,
they produced 120,000 short tons of metal utilizing
chemical and electrochemiocal processes. The produe-
tion of the magnesium compounds itself produces
very minor estuarine pollution; however, since the
production of the metal is a chemical process, it has
a greater potential chemical 1mpact upon the estu-
‘grine system.

Table 4.—Domestic producers of magnesium compounds from sea water in 1972
(from Minerals Yearbook for 1972, United States Department of the Interior,
Bureau of Mines, v. 1, p. 748)

Capacity
Company . . . - Location . . {short tons

Mg0 equiv.)

Basic M ia, [nc. Part St. Joe, Fla. : 100,000
‘Barcrott Company.__._....__....: Lewes, Dela. . 5,000
Chorchem, Inc. P la, Miss. 40,000
Dow Chemical Company Freeport, Texas 250,000
FMC Corp. Chula Vista, Calif. 5,000
Kiser Aluminum & Chem. Corp..._ Moss Landing, Calif. 150,000
Merck & Company, Inc. S. San Francisco, Calif. 5,000
Northwest Magnesite Company__._ Cape May, N. J. 100,000
655,000
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BroMINE

This element was economically produced from
seawater in combination with other extraction proc-
esses. For example, in 1967 the Dow Chemical plant
in Freeport, Tex., produced large amounts of bromine
as a byproduct of magnesium extraction. Also, the
solar salt pans at Newark, Calif., produced bromine
as a byproduet of the evaporite bitterns. These
extraction operations required chemical plants lo-
cated directly at the water’s edge and, therefore,
produced minor amounts of chemieal pollution. How-
ever, by 1971, all of the bromine produced in the
United States was from well brines in Arkansas and
Michigan and lake brines in California (United
States Department of the Interior, 1973).

WATER

The desalinization of seawater to produce usable
fresh water is an old idea that is becoming increas-
ingly important in the world today and locally it is
even becoming an economic extractive industry. In
1966, there were 153 seawater desalinization plants
in the world with daily capacities greater than
24,000 gallon per day (Shigley, 1968). He believes
that: ... “the rate of growth of desalinization has
been about 30 percent per year for the past 10 years;
it is now predicted that the installed capaeity will
be about one billion gallons per day by 1978.”

Since 1958, when the United States Office of
Saline Waters authorized the construction of five
pilot plants to test different desalinization processes,
three coastal based plants have been desalinizing
seawater. These plants are located at Wrightsville
Beach, N.C., Freeport, Tex., and San Diego, Calif.
Today the costs of water production in these specifie
plants averages between 75 cents to $1 per 1,000
gallons as compared to the average freshwater costs
of 30 to 35 cents per 1,000 gallons for industrial and
municipal use and about 5 cents per 1,000 gallons
for agricultural uses (Cargo and Mallory, 1974).
Since the effluents of desalinization are more valuable
a8 a source of minerals than the average seawater,
the development of the necessary technology could
play an important role in changing the economies
of the entire extractive industries from ocean water,
including fresh water. Indeed, due to increasing
demands for limited ground water plus the rapidly
Increasing pollution of our water resources, these
plants will become more important and abundant
in the near future.

Several critical areas in the United States where
desalinization eould become economic very soon are
portions of South Florida, the Outer Banks of North

‘Carolina, South Texas, and Southern California. Con-
sequently, the estuarine impact of this extractive
process will only increase with time in the United
States. The impact resulting from the effluents
derived from desalinization is local and relatively
small as compared to other extractive industries.
The effluents are about equal in volume to the
amount of fresh water produced, and they have
about twice the concentration of the original sea-
water (Shigley, 1968). Of far greater impact is the
associated urban, industrial, and agricultural devel-
opment that would follow, particularly in the areas
that presently are deficient in fresh water resources.

Porrumion ErrFeCTS

The environmental impact of those industries
extracting from aqueous deposits upon the associated
estuarine systems appears to be less than some of
the other extractive industries. Since these are land
baged operations, the physical intrusion is limited to
the adjacent shoreline area. However, all of the
extractive industries deseribed in this section produce
brines with increased heavy metal contents, often
heat, and in some cases chemical effluent. Discharge
of these effluents, unless properly monitored and
controlled, could produce significant local estuarine
pollution. Probably the greatest impaect that this
group of extractive industries has upon the estuarine
system is indirect, resulting from the stimulation of
and interdependence upon numerous other indus-
trial, commercial, and residential activities. Shigley
(1968), pointed out that the combination of raw
materials and location at Freeport, Tex., has stimu-
lated the development of a large chemical manu-
facturing complex, of which seawater processing
activities are only a part. Because the seawater
processing activities share raw material overhead,
and research with over a 100 other products in such
an industrial confine, what would otherwise be either
s marginal or uneconomic operation, can become
economic and viable. '

CONCLUSIONS

The relationship between mineral resource utiliza-
tion and the coastal system is presently and will
continue to produce an ever-increasing dilemma, with
respect to estuarine pollution. This basic dilemma
can be summarized with the following conclusions:

1. Qur growing technological society is totally
dependent upon a myriad of basic mineral resources
which are the raw materials for the technical machine.
The value of, and demand for any of these basic
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resources is dictated by the industrial technology
and economic considerations at any given time, both
of which are highly changeable and volatile controls.

2. Extraction of minerals has to take place where
the minerals occur; the location of resources cannot
be legislated or decreed. Since the coastal zone does
contain a myriad of potential resource commodities
necessary for our technological society and since
these commodities do have an economic value,
society demands exploitation.

3. Even though there is considerable mineral
resource potential within the coastal zone, there is
a dramatic lack of information pertaining to the
oceurrence, distribution, and concentration of. spe-
cific materials. This is absolutely essential informa-
tion which is prerequisite to any form of coastal zone
management.

4. The potential environmental and pollution
problems associated with resource extraction, prep-
aration, and transportation, which are prerequisite
to their use, are often exceedingly great. The
processes of extraction of these resources are often
messy operations that are capable of physiecally,
chemically, and biologically disrupting and/or modi-
fying the fragile coastal and estuarine system. The
resulting effects may be either direct or indirect,
local or broad scale, temporary or permanent, and
of varying degrees of severity, all depending upon
the commodity itself and the methods of extraction
and processing. In addition, a myriad of satellite
industries develop in the coastal zone in response to
a given extractive industry; often these industries
have a greater potential cumulative impact upon
estuarine pollution than the extractive industry
itself. Some extractive and satellite industries are
not compatible with other legitimate uses of the
estuarine system.

5. Some resource materials have alternate sources
from which the necessary raw materials can be
supplied and many have substitute materials that
can be made available or developed. This is par-
ticularly true of the low unit cost aggregate materials.
Other materials, however, do not have alternate
sources or substitutes. Consequently, attitudes to-
wards and necessity for the recovery of the mineral
resources within the estuaries and offshore areas
vary between the two opposite extremes of complete
abstinence to complete development.

6. The estuarine system of the United States
occupies & very narrow transitional zone between the
land area and the continental shelf; the total extent
of this system represents an extremely small but
manifestly important percentage of the United
States. The estuaries, for the most part, are the
terminal mixing basins of the freshwater drainage

systems with the ocean’s waters. Therefore, they
receive the cumulative residue, waste, pollution and
sediment resulting from all man’s and nature’s
activities within each drainage system, subsequently
funneled into the estuaries.

7. Socially, industrially, and demographically, the
United States has evolved, in a manner that appears
to be continuing, with disproportionate concentra-
tions within the coastal zones. This continual en-
croachment and the mounting intensity of develop-
ment and use of the estuarine zone has produced a
highly stressed system which is resulting in major
and potentially devastating changes within this
fragile and important transitional area.

If one can accept these statements as valid, then
there is no alternative but to establish a moratorium
on all estuarine activities that will continue to add
stress to an environment that represents such a vital
part of the earth system and which presently sits in
a very precarious balance. The extractive industries,
to a large extent, fall into this situation. Develop-
ment of the mineral resources on the adjacent lands
and the offshore continental shelf areas should be
encouraged with the proper setback lines from the
shore, environmental controls, and a viable monitor-
ing system. However, the question of mineral extrac-
tion from within the estuaries themselves should be
seriously reevaluated. The age old question of which
is the most valuable to man, provokes the honored
response—the old “trade-off”’ game. But as man’s
needs grow, the “trade-offs” grow and pretty soon
we're ‘“trading off the trade-off.” Man can no longer
afford this sort of approach to the continued develop-
ment of some small part of the system which in its
totality is a critical resource that has well defined
limits. The need is to start evaluating the natural
systems, upon which man is so dependent, from a
long-term basis of interdependence and not the
immediate short-term dollar value. Multiple use and
estuarine management are fine concepts that satisfy
quarreling factions, but all too often they amount
to little more than a sophisticated land grab—like
the old miners staking their claims.’ One must
approach the continued use and development of the
estuaries as a single complex interacting ecosystem
which has finite limits—these limits must be defined
now.

RECOMMENDATIONS

In order to meet the objective of the overall study
considering the status of pollution in the nation’s
estuarine zone with respect to the mineral extraction
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processes, T propose the following recommendations:

1. Establish a moratorium on any further develop-
ment of the extractive industries within the estuaries
until the proper background resource information
can be obtained to set up a viable management
program. After a national resource priority base has
been developed, establish stringent sets of procedures
that define what resources can be extracted from the
estuarine system, where, and by what methods.

2. An extensive and exhaustive study should be
initiated by Congress and placed under the direction
of the U.8. Geological Survey, to map the geology
and inventory the mineral resource potential of the
United States coastal zone in a similar fashion to
the extensive U.S. Geological Survey-Woods Hole
Atlantic Continental Shelf study or the U.S. Geo-
logical Survey heavy metals study. Such environ-
mental and geologic mapping is an absolutely essen-
tial first step for any resource management program
which will consider the multiple use by conflicting
interests. One cannot plan the destiny of a system
without- an intimate knowledge of the composition
and processes operating within the system. Use
evaluations and trade-offs cannot be made until the
total resource potential is known.

3. A mechanism should be set up within the
geological surveys in the coastal states under the
direction of the U.S. Bureau of Mines to monitor the
extractive industries within the coastal zone of their
state. This monitoring system should include: (a)
the volume and values of annual production and the
reserve situation of each specific mineral commodity;
(b) the extraction methods and disruptive effects
of each specific mining operation upon the estuarine
system; and (¢) the processing and transportation
methods of each mining operation and its actual and
potential disruptive impact upon the estuarine
system. )

4. Establish rigid stress limits to stabilize the
disproportionate growth and development of the
estuarine systems throughout the United States. This
should include delineation of the type as well as the
amount of growth and development.
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ABSTRACT

Increasing numbers of anglers—ten million at this time—fish along the coastal shores, an estimated
57 percent of them in the estuaries. Factors affecting the ecosystem are discussed. Recommenda-
tions are made to meet management needs, on the federal, state, and local levels.

INTRODUCTION

Ten million American anglers fish in coastal wa-
ters; they catch nearly one and a half billion pounds
of fish each year. This massive recreational activity
is supported by fish resources that are dependent
on the continued health of estuarine and coastal
ecosystems.

The number of people fishing in coastal areas has
increased 50 percent since 1960, while the average
yearly eatch per angler has declined somewhat. The
causes for the decline in catch—an indicator of fish
population size—have not been determined with ac-
ceptable scientific validity and because of the envi-
ronmental complexities of coastal ecosystems they
may never be. In the following account we have had
to work with skimpy circumstantial evidence to
explore the causes and effects.

All in all, marine fish resources appear to be in
surprisingly good shape. Atlantic stocks are improv-
ing after a period of general depletion during the
1960’s. This may in part reflect the results of the
recent national effort to clean up our waters and
protect the environment. Further gains will depend
upon how well fish harvest management and eco-
system protection can be combined into effective
federal, state and local programs and how well
societal goals for use of the resources can be defined
and implemented.

THE COASTAL SPORT FISHERY

The ten million coastal anglers spread their efforts
rather evenly along the T.S. shoreline, as shown for
1970 in Table 1, the latest year of record (from the
National Marine Fisheries Service).! While there is

reason to believe that the catches may be somewhat
over-estimated by the inherent biases in the angler
interview-recall system used, they can be assumed
to give a reliable indication of the distribution of
catches.

Anglers fish in both estuaries (tidal rivers, bays,
lagpons, sounds) and oceans (surf and offshore wa~
ters), with 57 percent of the fish taken in estuaries.
They spend about $100 each on fishing gear and
other expenses per year.?

Coastal angling is a widespread attraction. Half
the anglers have family incomes of less than $10,000
(1970 data) .2 Twenty-two percent are women. Most
come from rural areas, towns, and suburbs rather
than from large cities.

National surveys in 1960, 1965, and 1970, show
that coastal fishing has increased by 50 percent in
the span of one decade.!? As the number of anglers
increased from 6.2 to 9.4 million, the yearly average
catch dropped from 102 fish to 87 fish per year per
angler. This reduction is most likely a consequence
of reduced carrying capacity of fishing waters, a
possible natural reduction of fish stocks, or more
fishing pressure on the stocks than can be accommo-
dated at the same high catch rate.

The national sport-fishing surveys are not ade-
quate to provide a statistical basis for examining
trends in abundance because they are done so in-
frequently (5-year intervals) and because they con-
tain inherent biases typical of poll (interview-recall)
systems of data collection. A somewhat more sensi-
tive indicator of abundance trends is the commercial
catch which is recorded by the National Marine
Fisheries Service through collection and tabulation
of dealers’ records. Example trends shown by com-
mercial catch records are depicted in Table 2 for

139
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Tahle 1.—Estimated number of'ahglers and catch for 19707

Table 3.—The eéstimated total'U.S. angler catch of certain estuaririe dependent

Region - . Number of ‘Catch (millions of fish)' -
anglers
- . Ocean Estuary
North Atlantic. o o ool . 1,700,000 . 353 - 8.7
Middle Atlantic. - o oo ] 1,800,000 69.5 98.7
South Atlantic. -t oo 1,800,000 112.2 |, 72.0
Eastern Gulf of Mexico...__ RS ! 1,500,000 42.4 |- 146.6
Western Gulf of Mexico. ... : 900,000 |. 41.2 50.5
SDu{h PACHiC. - e oo meeomem e 900,000 34.7 2.5
North Pacuf [[ S emmmmammmed] 1,300,000 8.3 15.8

four of the major Atla,ntlc and Gulf of Mexwo sport
fish species.

The pattern is different for the various spec1es,
reflecting differences in biological, environmental
and economic factors that affect their populations
and their fisheries. Common to all, however, is a low
point in catch in the late 60’s, centering in 1967,
followed by an upward swing into the 1970’s, a
trend not discernible in the 5-year national surveys
of sport fishing catches (Table 3).

It is quite possible that the upswing of the latter
60’s is partially due to a general lessening of pollu-
tion impacts and an improvement in water quality
in coastsl areas. For example, Edwin Joseph sug-
gests that the increase in sea trouts may have been
caused by. decreasing agricultural use of DDT.3
After World War II, DDT use rapidly increased in
shorelands draining into estuaries where the spawn-
ing and nursery areas of the sea trouts are located.
Lethal doses of DDT lodge in the yolk oil -of many
species ‘causing -death to embryos. Then after the
middle 60’s DDT use began to drop off. As it did,

Tahle 2.—The total commercial catché§ of certain estﬁarine dependerit species
groups for the Atlantic and Gulf States combined. (Source: National Marine
Fisheries Service; 1972 statistics are preliminary)

Millions of Pounds .
Year Bluefish Croaker Flounder , Sea trouts
4.2 4.3 63.4 16.4
41 -'56.8 65.1 ~ " 18.5
8.8 19.0 69.3 11.1
3.3 - 247 77.3 7 12.8
3.8 11.9 75.0 10.6
35 ¢ 6.9 - 79.4 9.9
.7 | . 52. 85.5 . 10.2
5.9 3.3 1045 | 10.0
5.9 [ 2.7 125.5 9.3
4.6 2.5 128.0. o - 10.1
50 . 3.5 133.7 | 11,9
5.5 3.2 127.7 10.7
4.3 2.5 25 | ¢ 9.5
5.4 A7 114.0 12.0
6.0 6.7 | 115.0 11.4
7.2 8.4 123.0 14.9
5.6 10.6 125.0 - 187
6.3 16.6 128.0 21,0

pecies groups for Atlantic and Gulf States combined.! Catch in.millions-of fish
Year, Bluefish Croaker Flounder Sea trouts
ms | a0 | s | 838

310 510 | 546 1789.4

36.0 ©66.0 Los.4 107.0

1

breéding likely: was restored to normal.- Reduetion

of other chemical and industrial pollution is un-
doubtedly a factor in recent fisheries improvement

‘Although these. 1mprovements are encouragmg,
many threats remain; wgllance is necessary; and a
much higher potentlal is realizable. This'potential
is particularly high for reducing damage from effects
such as urban drainage and physical destruction of
estuarine systems, effects that do not originate with
point source pollution (pipe discharges). To correct
these, there usually must be control of land uses in
the watersheds and along estuarine:shores coupled,
of course, with the control of point discharges: Such
combined land and water ecosystem management
programs are necessary to maintain the vitality of
estuarine fish populatlons L :

THE ESTUARINE ECOSYSTEM

An estuary is a constricted coastal water body
that connects to the sea and has a measurable quan-
tity of salt in its waters. For management purposes,
the following rule of thumb, which is based upon
the degree of confinement, may be used to distinguish
between estuarine and open coastal areas: An estu-
ary is a waterbody that has a basin circumference
in excess of three tlmes the width of its ouﬂet to
the sea.*

The exceptional natural value of the estuarlne eco-
system comes from a beneficial combination of phys-
ical properties that separately or in combination
perform such functions as those listed below*:"

1. Confinement: Provides shelter which protects
the estuary from wave action, which allows plants
to root, clams to set, fand- fragile small animals to
exist; and permits retentlon and concentratmn of
suspended life and nutrients.

. 2. Shallowness: Allows light to penetrate to plants
on the bottom; fosters growth of marsh plants and
tideflat biota; encourages water mixing; and dis-
courages large oceanic predators which avoid shallow
waters.

3. Salinity: Freshwater dilution deters ocean pred-
ators and encourages estuarme forms; precipitates
sediments; and provides buoyancy and physiologi-
cally beneficial salt concentrations. Freshwater flow

—— e
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over saltier, bottom water typmally induces benefi-
cial stratified flow. . . -

4. Circulation: Tidal and wmd forces plus stratl—
fied flow set up a beneficial system of transport for
suspended life, enhance flushing, and retain orga-
nisms in favorable habitats.

5. Tide: Tidal energy is a major driving force of
circulation; tidal flow transports nutrients and sus-
pended life, dilutes and flushes wastes; tidal rhythm
acts as a regulator of feeding, breeding, and other
functions.

6. Nutrient storage: Trappmg mechamsms store
large amounts of nutrient within estuary; marsh and
grass beds store nutrients for slow release as detritus;
richness-induces high acecumulation of avaﬂable nu-
trients 1n;amma1 tissue. » o

- About two thirds of the Atlantic and  Gulf of
Mexico species of coastal sport fish depend. upon
the special life giving properties of the estuaries for
sanctuaries, or nursery areas for their young: Fewer
Pacific than Atlantic species are cnmcally dependent
upon estuaries.* . - - - ‘

The estuarine dependent species 1nclude those
that spawn in the ocean, along-the beaches, in the
inlets, within estuaries, and up the tidal rivers. The
young of all these converge in the estuaries for foed,
refuge, and suitable water. Most estuarine depend-
ent fishes are ocean or coastal migrants who spend
only part of their lives in the shallow estuaries. But
this one period may be the most crucial part of the
survival of the species. Three major categories of
estuarine dependency are shown below Wlth exam-
ples for each species:d . co

Adulis found Adults found : :
mostly in the . partially inthe | Adulis found
estuaries, some estuaries, some - mostly along the

only seasonally. " only seasonally. open coast.
Flounder (winter: | *Striped bass -Bluefish -
flounder) (rockfish) ‘Tautog
Spotted trout Fluke (summer (blackfish)
Tarpon - flounder) " King whiting
Croaker Porgy (seup) * (kingfish)
(hardhead) - Refl-drum (redfish | *Alewife (river .
Snook or channel bass) .|  herring) .
(lafayette) Black drum . | *Shad .
*White perch Mullet Atlantic mackerel
: ' Menhaden (bunker,
pogy) :

* Anadromous spegies: Living as a.dults in salt or brackxsh water but
spawning in fresh or nearly fresh water.

" Estuaries and their adjacent shiorélands are easily

accessible for urban or industrial development. Use
pressures are heavy in urban areas” adjacent. to

estuaries and the pollution potential is high. The con-
finement and shallowness of estuarine water basins
allow pollutants to pervade their waters, particu-
larly ‘those that have poor flushing characteristics.

There is irony in all this. The most urbanized
estuaries which often $uffer the highest environmen-
tal stress are at the same time potentially subject to
the highest sport fishing demand because of. the
human populations concentrated there. Therefore,
the very water bodies that should carry the greatest
sport fish resources may actually carry the least.

Because of the variety of man-caused disturbances
that affect estuarine waters and because of year to
year natural changes in the environment that affect
species, it is nearly impossible to establish any
scientifically valid correlation between the type of
pollutant, or other disturbance, and the status of
any fish population, Theré dées 1ot exist in the sci-
entific literature one scientifically convincing cause
and effect relation between a single disturbance and
a single effect. Therefore, one must look broadly at
complete ecosystems in all their complexity and try
to judge the multlple effects of multiple disturb-
ances upon carrying capacmy limiting factors.

CARRYING CAPACITY LIMITING FACTORS

The potentlal ﬁsh yield of. any estuarlne Water
body is governed by its carrying capacity for the
species it supports. Carrying capacity in the strict
scientific sense is the number of a particular species
that can be supported per acre, or other measure of
size. However; we use it here in a more general sense
as the amount of life that a habitat can support.

Exactly what makes good fishing waters has al-
ways been a bit of a mystery. However, science has
unraveled ‘enough of .the ‘mystery to understand
what environmental disturbances degrade good fish-
ing waters and generally how they do it. Each type
of disturbance reduces carrying capacity in a spe-
cific. way and a combination of them causes a
combination of carrying capacity reductions.

~The National Pollutant Discharge Elimination
System (NPDES) and related provisions of the
1972 Water Act should provide adequate control
of disturbances arising from point sources of pollu-
tion (pipe discharges) including industrial and mu-
nicipal wastes by the mid-1980’s. This alone should
considerably improve the carrying capacity of estu-
aries for fish. But controlling point sources is only
part and perhaps the easiest part of the much larger
job of restoring the carrying capacity of the nation’s
estuaries. Controlling non-point pollution may pre-
sent a far greater challenge. For example, a primary
source of non-point pollution discharge to estuaries
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is urban runoff—water from ecity streets, industry
sites, parking lots, and other developed areas—
which often carries massive loads of pollutants into
estuaries. The following amounts might be expected
from a typieal city of 100,000 population following
a one-hour storm (in 1b./hr.) :

Street Raw Secondary

surface  sanitary plant

runoff sewage effluent
Suspended solids.. - ... 560,000 1,300 130
BOD; .. 5,600 1,100 110
COD. L 13,000 1,200 120
Nitrogen (Kjeldahl)_._____ 800 210 20
Phosphates_ ... ....__ 440 50 2.5

Erosion from disturbed land surface often pro-
duces massive amounts of sediment that may be
transported to estuaries, as shown by the following
estimates 7

Sediment Produced

Activity (tons/sq.ma. /yr.)
Construetion. .- _____._.__ 48,000
Cropland . _ o _______ 4,800
Grassland.. .. ... 240
Forest - oo oo _L___ 24
Disturbed T'orest (not clear-cut).__ ... .. 24,000
Active Surface Mines... ... __ .. _____ 24,000
Abandoned Mines_ . .. oo 2,400

This erosion may also bring excessive nutrients,
toxic matter, and bacteria down to the estuaries to
reduce carrying capacity for sport fish populations.

In the following sections we first describe each
major natural factor that limits the total carrying
capacity of an estuarine fish habitat. Second, we
discuss the point and non-point pollutional disturb-
ances that lower carrying capacity. And third, we
relate the disturbances to specific human activities.

Oxygen

Of the various gases that are found dissolved in
coastal waters, oxygen is of the most obvious impor-
tance to fish and other animal life. They need ample
oxygen to survive and even more to grow and func-
tion well—the federal water standard is a minimum
of 4.0 ppm (parts of oxygen per each million of
water).

When sewage and other wastes with high BOD
{biochemical oxygen demand) pollute coastal waters,
bacteria multiply to enormous abundance and de-
plete the water of oxygen faster than it can be
replaced by either plants or the atmosphere. Fish
may be killed by a sudden oxygen drop but more

often the problem is a persistent and pervasive lack
of oxygen which reduces carrying capacity and re-
pulses fish. For example, low oxygen from industrial
and municipal wastes has eliminated striped bass
spawning in the Delaware River and oxygen deple-
tion from papermill waste disrupted salmon runs in
Bellingham Bay, Wash. Oxygen levels are depressed
to low levels in Florida canals built for seaside
housing developments where fine sediments accumu-
late and water becomes stagnant—a half pound of
organic wastes per day (e.g., grass clippings) is
enough to contaminate a 100-foot length of canal,
reducing oxygen from an acceptable 4.5 to an un-
acceptable 3.8 ppm.® In August 1971, all bottom
fish deserted the western part of Long Island Sound
around Glen Cove because of oxygen depletion
caused by pollution.!

Temperature

Temperature controls life in the coastal ecosystem.
Migration, spawning, feeding efficiency, swimming
speed, embryological development, and basic meta-
bolic rates of fish are controlled in large part by
temperature. Temperature increase, such as that
caused by power plant effluents may disrupt these
basic life processes. (Power plants also suek fish in
with cooling water and kill them in the pumps and
pipes.) Where multiple power plants are placed on
an estuary, temperatures can increase to damaging
levels over extensive areas, such as the striped bass
breeding grounds shown in Figure 1 or the vital
grass bed nursery area shown in Figure 2 where 91
percent of the grasses were killed.

Fresh Water Inflow

The volume of fresh water supply not only gov-
erns the salinity of estuaries, but also controls circu-
lation patterns (circulation strongly influences the
abundance and the pattern of distribution of fish
and other life in the estuary).

Some fish require different salinities at different
phases of their life cycle such as those provided by
runoff, summer drought, et cetera. Alterations af-
fecting freshwater inflow may upset the natural
salinity regime, upsetting habitat conditions to
which the fish are naturally adapted and lowering
carrying capacity. Salinity throughout the coastal
ecosystem fluctuates primarily with the amount of
dilution by freshwater inflow and the extent of
evapotranspiration. The inner ends of estuaries may
become so salty in summer when fresh inflow water
is diverted for other uses that the water becomes

e e
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virtually uninhabitable for sport fish—for example,
Tomales Bay, Calif. (39 ppt sahmty) ;¥ and Rookery
Bay, Fla., (to 40 ppt).14

Sedimentgtion

Also related to the volume of runoff inflow is the
amount of sediment carried down into the estuary.
Uncontrolled development in estuarine watersheds
creates adverse effects by reducing the capability
of the land to filter and hold back storm water
runoff and to cleanse it of sediments as well as
nutrients and a wide variety of other contaminants
from the land surface. Therefore it is a fundamental
goal of estuarine resource management to protect
water bodies against excess loading of polluting
materials by achieving control of damaging activities
in the watershed.

Accumulation of sediment on the bottom of an
estuary results in shoaling of the basin and the
creation of a soft, shifting, and basically unsuitsble
habitat for bottom life. These sediments also trap
pollutants that are harmful to water quality when
resuspended by wind, currents, or boat traffic. Vir-
tual elimination of bottom life—as has now hap-
pened in the New York Harbor estuary—seriously
degrades the ecosystem and dismantles the food
chain of fishes.

An example of gross pollution from agrieultural
drainage and clearing is the estuarine system of
Back Bay, Va., and Currituck Sound, N.C., which
was loaded with silt which killed bottom vegetation,

created high turbidity, and lowered the carrying
capacity.’® Sedimented and degraded estuaries with
reduced carrying capacity for sport fishing are found
along all sections of the U.S. coastline.

Corrective measures require control of: (1) erosion
from land clearing and site preparation in the water-
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FIGURE 2.~Pr(;ﬁles of isotherms above ambient (°T) in
Biscayne Bay during summer—the Turkey Point plant was
subsequently fitted with an alternate cooling system.!?
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shed; (2) dredging activity in estuarine basins;
(3) municipal and domestic pollution which creates
organic sediments; and (4) boat traffic (which re-
suspends sediments).

Water Circulation

The circulation of water through an estuary is a
key factor in carrying capacity. It transports nu-
trients, propels plankton, spreads ‘“seed” stages,
(planktonic larvae of fish and shellfish), cleanses
the system of pollutants, controls salinity, shifts
sediments, mixes water, and performs other useful
work. The fish populations and the entire dynamic
balance of an estuary revolve around and are strongly
dependent upon circulation. Channel dredging and
filling alter the flow patterns of estuaries as does
the construction of bridges, causeways and piers
which impede circulation.

Light

Sunlight is the basic force driving the ecosystem.
It is the fundamental source of energy for plants
which in turn supply the basic food chain which
supports all fish. Sunlight must be able to penetrate
the water so as to foster growth of the plants.

Estuarine waters are normally more cloudy (tur-
bid) than ocean waters, being more laden with silt
and richer in nutrients and phytoplankton. Excess
turbidity reduces penetration of sunlight into water
and thus depresses plant growth. This may be caused
by excavation in water basins, by the discharge of
eroded soil with runoff, by nutrients in the runoff
or by sewage or industrial waste discharges which
stimulate the growth of algae and lead to clouding
of the water.

Nutrients

In addition to light, nutrients must be present to
support the food chain. The amount of nitrate dis-
solved in the water is generally believed to be the
primary nutrient control on abundance of estuarine
plants. Nutrients continuously trickle out of the
estuarine system and must be replaced by minerals
in the inflow of land runoff. This supply should not
be diminished.

Conversely, the ecosystem may be unbalanced by
an excessive and unnatural supply of nutrient chem-
icals from septic tank leaching, discharge of sewage
effluent, industrial organic wastes, contaminated
land runoff water, and so forth. The result is over-
fertilization (eutrophication) which involves rapid

‘‘blooms” of phytoplankton followed by mass death
and decay, clouding the water, fouling estuarine
bottoms and depleting oxygen.

‘While sewage has been the usual suspect for over-
fertilization of natural waters, the potential damage
by fertilizer runoff has increased dramatically—the
amount of nitrogen used in agriculture in the United
States increased fourteenfold in 25 years.’® Fertilizer
runoff can jeopardize the earrying capacity of estu-
arine systems, particularly poorly flushed ones.*

Water Suitability

Protection of water quality for fish life involves
more than just avoiding lethal concentrations of
pollutants—the water must be suitable beyond bare
survival. There are definite limits below which ani-
mals desert an area or survive in very reduced
abundance. Sensitive oceanic migratory fishes may
be particularly affected by water suitability and
abandon coastal areas with bad water. The result
may be failure of a fishing area and decrease of the
overall carrying capacity for the excluded species.

A variety of substances from industrial discharges
or sewage effluent—heavy metals, oil, organic sub-
stances—are repelling to fish; for example, salmon
avoid water with copper in very small amounts
(0.0024 mg/1)¥ such as comes from fertilizer run-
off.* Such repellents are probably responsible for
the general avoidance or apparent virtual abandon-
ment by oceanic sportfish species of many estuarine
and nearshore ocean waters such as Boston Harbor,
the Savannah River, and the Hudson Estuary. Elim-
ination of all significant discharge of pollutants
would restore the abundance of fishes in many of
these areas. '

Toxic Substances

It is not possible to determine the amount of
damage done to sport fishing resources by the dis-
charge of toxic chemicals into estuaries, but the
damage appears to have been extensive; e.g., the
severe reduction of the sea trout previously dis-
cussed. In another circumstantial example, the vir-
tual disappearance of the California sardine (an
important forage for pelagic game fish) is correlated
with inereasing DDT use after World War IT (Fig-
ure 3).® DDT use is banned in California but a
50-square mile area off the Los Angeles sewer plant
discharge (Palos Verdes area) has a persisting de-
posit of about 200 tons of DDT in the surface
sediments on the bottom of the continental shelf.?

The same area has also received toxic metals from
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Frgure 3. ——The decline of the Pacific sardine from the mid-
40’s to the early 50’s and the amount of DDT used in Cali-
forma in the same period.”®

the discharge, leading to fish diseases and wide-
spread reproductive failure of marine species of the
area. But now there are signs of a comeback as
young stages of species missing for decades are re-
appearing in the area indicating a water quality
improvement.? Because of the ocean outfall, water
quality of the harbors is better in certain respects
than that of the ocean, a reversal of the usual
situation. -

The NPDES program of EPA has an lmportant
role to play in eliminating the discharge of toxie
substances to estuarine and coastal waters. The
potential benefits are supported by encouraging re-
sults of pollution abatement efforts to date.

Severe disease (fin Tot) of estuarine and coastal
fishes is caused by municipal waste diseharge. In
the New York harbor area 22 species were affected
by fin rot, including both pelagic fishes (e.g., blue-
fish, striped bass) and bottom fishes (e.g., flounder,
hake).2® In the Los Angeles area about 50 percent
of sole, rockfish, croaker, and other’ bottom fish
sampled were affected.®

Vital Habitat Area

Vital habitat areas are particularly critical ele-
ments of the ecosystem whose protection is essential
to prevent degradation of the system, including
depletion of fish. In the profile of the shorescape,
wetlands are the areas above the mean hightide
mark and below the yearly high storm mark. Wet-
lands, vegetated with a combination of salt-tolerant,
wet-soil, plants—grasses and rushes—often grade
into some combination of fresh water marsh plants
at the upland edge. Vegetated tidelands are the
swamps and marshes from mean hlgh tlde down to
the low water mark. ’

" Wetlands and tidelands vegetation converts nutri-
ents in land runoff and estuarine waters to basic
food for aquatlc life, a sort”of floating humus of
small particles (detrltus) It also removes excess
nutrient, sediment, and other dissolved and sus-
pended matter. The marsh and swamp areas provide
critical habitats for many species as well as stabilize
shorelines, prevent erosion, and buffer the force of
storms.and floods. - . -

If the wetlands-tidelands Vegetatlon is. ehml—
nated, carrying capacity of the ecosystem for fish
is reduced—about 50 percent, in a typical case.?? Re-
duction of freshwater inflow to tidelands or canaliz-
ing or bulk-heading tidelands may also significantly
reduce estuarine fish resources. Therefore, fishery
management, programs should require that wetlands
be protected from obliteration, alteration, or degra-
dation by pollution and by drainage or dredge-and-
fill projects which reduce the area of the wetland
or disrupt the natural water flow patterns—as is
addressed under Section 404 of the 1972 Federal
Water Act Amendments.

Submerged grass beds convert and provide detrital
nutrient to the system, add oxygen (during day-
light), and stabilize bottorn sediments. They usually
attract an abundance and diversity of life and are
nursery areas for young fishes:and crustaceans. Grass
beds are vulnerable to turbidity, which screens out
light and prevents growth of the grass, and to fine
sedimients (mud) which create unstable bottom con-
ditions wherein the grasses often cannot anchor.
Heated power plant efflient (along with induced
turbidity) may destroy local grass beds; for exam-
ple, in~ the Patuxent River, Md., and Southern

‘Biscayne Bay, Fla.* Boat traffic over grass flats

may compound the problem by stirring up sedi-
ments and ripping out plants.*

MANAGEM ENT NEEDS

Fishing success depends upon the abundance of
fish which in turn depends upon the current carrying
capacity of the aquatic ecosystém. Carrying capacity
itself is governed by specifi¢ limiting factors. These
limits in turn are depressed by adverse ecologic
lmpacts from development and human occupancy.
Therefore, coastal sport fisheries management should
1ncorporate ecosystem management aimed at opti-
mizing carrying capacity.!

‘Sécondly, it should be directed toward optlrmzmg
the social ‘benefits from the resource. This requires
that goals and policies for management be based
upon a realistic evaluatlon of social, economic, and
ecologm factors.

"It is customary for states to regulate coastal fish-
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eries. Stronger roles for both federal and local govern-~
ments should be considered if successful integrated
programs of fisheries management are to be imple-
mented. Local governments sometimes regulate
shellfish and less often, a herring run or other spe-
cial situation. But local government plays an im-
portant role in controlling access to fishing, via
roads, parking lots, beaches, piers, boat ramps.

The states have the leading role partly because
fish migrate between local fishing areas. A species
may spawn in one area, feed in another, and winter
somewhere else again, making it impossible for any
local government to act effectively. In addition, the
water moves from one locality to another bringing
one town’s wastes to another’s shores. Therefore,
the states are better equipped to deal with manage-
ment of fisheries.

There is clearly a Federal role for management of
coastal migratory fish and for protection of inter-
state environments. No state can do the whole job
alone because both fish and water move from state
to state. For the most part interstate commissions
have proved ineffective in coordinating fishery man-

agement of the states into successfully integrated-

programs.

Typical state fisheries management programs have
dealt only marginally with the coastal environment.
TFish regulations are usually aimed at allocating fish
to fishermen by limiting the type of gear, size of
fish, time of year, number of fish taken per day, and
so forth. This passive portioning out of the catch
is usually done without any attempt to scientifically
optimize the yield from the ecosystems involved.

In state management the target usually is a single
species. Rules are laid down for the species without
regard for other species that share the ecosystem—
species that may be prey, predator, competitor, or
cooperator. The rules are applied through the politi-
cal process in state legislatures or by appointed
state commissions, under heavy lobbying pressure
from fishing organizations., Opinions of state fishery
biologists may be ignored because their case has
not had the funds or manpower to be developed
with secientific certainty. Most states have no -salt
water sportfish license to provide an internal source
of funds for management or research on sport fishing
problems. State commissioners and the general con-
stituency of the fishery agency want to see money
spent for visible structures—boat ramps, artificial
reefs, and so forth—rather than advance planning,
research, or administration. Consequently, the agen-
cies are under-financed and short handed.

As a result, coast sport fisheries management is
typically a series of ad hoc responses to immediate
situations. In only a few states, such as California,

Florida, and Massachusetts, is there any continuing
management research program to serve as the basis
for longer-term strategies that include environmental
protection. If there is to be an effective strategy for
comprehensive coastal fisheries management, there
must be clearly defined long-term goals. The goals
must be translated into policies consistent with social
needs as determined through the political process.

The following planning framework suggests major
elements that need to be considered:

1. Resource optimization: Devise a system of estua-
rine resource management that involves both harvest :
control and ecosystem management. Harvest control
includes: bag limits, size limits, gear restriction,
access limits, and closed areas and seasons. Eco-
system management includes: control of chemical
and industrial pollution, protection of vital habitat
areas, control of land clearing and site preparation
in shorelands, maintenance of freshwater inflow,
control of dredging and filling, and control of boat
traffie.

2. Access: Provide a system of access that will
guarantee an optimum pattern of fishing activity
consistent with economie, sociologic, and ecologic
constraints. Physical development should incorpo-
rate roadways and public transportation as well as
beaches, bridges, piers, marinas, ramps, and charter
boats. Social factors to be balanced should include:
geographic distribution, income level, race, and
availability of alternative recreation opportunity.

3. Allocation: Plan for a balanced pattern of allo-
cation of fish resources including: (1) competing
user groups such as commercial anglers, skin diving,
and foreign fishermen; (2) the various demographic
elements (see 2); (3) preferred sizes of the catch;
and (4) preferred times and areas of fishing.

4. Monitoring: Design a system for measuring
cateh and monitoring user satisfaction to guide the
management program.

5. Revenue: Examine the recreational fishery
(along with commercial) to determine the revenues
gained for different patterns of use and for different
levels of production.

6. Institutional: Determine the optimum mix of
federal, state and local jurisdictions, and the best
methods of implementation of management actions
through existing and new legislation.

It appears that this is an appropriate time for
each coastal state to review its situation, to examine
federal-state-local jurisdictions, to decide upon a
unified set of goals, and to establish a clear set of
policies for use and protection of coastal fishery
resources.
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The Federal government would need to partici-
pate in this process where migratory fishes and inter-
state environments are involved, and to provide a
mechanism for coordinating activities of all federal
agencies dealing with the coastal environment and
coastal resources. There is now no federal policy or
program on migratory fish resources. Such a role
must be suitably defined by Congress through legis-
lation, funding, and study.

The new federally sponsored Coastal Zone Man-
agement program would seem a logical framework
for such a cooperative planning study, providing
that sufficient importance and funds are given to
the individual states to conduct comprehensive plans
for land and water resource management. It is
clear that only through this kind of comprehensive
planning can recreational fishery resources be prop-
erly maintained and equitably shared among all
Americans.
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AFFECTING COMMERCIAL FISHERIES

IN THE MIDDLE ATLANTIC
ESTUARINE AREA

J. L. McHUGH
State University of New York
Stony Brook, New York

ABSTRACT

Landings of fish and shellfish by domestic commercial fishermen in the Middle Atlantic Estuarine
Area (Rhode Island—Virginia inclusive) nearly doubled in weight from 1969 to 1973, from about
586 million to more than 1,074 million pounds., The increase was not accompanied by a similar
increase in fishing effort, but by distinet increases in abundance of certain coastal fishes like
menhaden, weakfish, summer flounder, and bluefish. In the area north of Chesapeake Bay blue
crab was more abundant than it has been for more than a decade and scup also was more plentiful.
1t is tempting to attribute these increases to pollution abatement, but no direet proof is available.
For example, the return of blue crab to the New York Bight area may have been made possible by
the decline in use of DDT. All these species are known to vary widely in abundance from natural
variations in environmental factors and it is difficult to separate natural from manmade causes.
The only certainly adverse effects of water pollution on abundance or catches of living marine
resources are those which produce obvious and measurable effects, usually catastrophic, or which
result in closure of shellfish beds. Because so many important living resources use the estuaries as
spawning, nursery, or feeding grounds it is prudent to avoid additional deterioration of water

quality and, where possible, to reduce dumping of wastes.

INTRODUCTION

This review of the fisheries of the Middle Atlantic
Estuarine Area includes estuaries and coastal waters
from Cape Cod to Cape Hatteras and out to the
edge of the continental shelf. This area (Figure 1)
lies between latitudes 41°20’ N. Lat. and 35°15’ N.
and extends seaward to the 200m. depth contour.

The offshore boundary is approximately where
the shelf meets the continental slope. Although this
is not exactly the definition given in section 104 (n)
(4) of Public Law 92-500, it is the only rational
definition for adequate consideration of the living
resources upon which the fisheries of the Middle
Atlantic Bight depend. Most commercial fishery
resources in the area are highly migratory, and
perform extensive seasonal movements east and
west as well as north and south. Thus, many living
resources of the area are about equally dependent
upon the inshore and the offshore estuarine environ-
ment. In winter and spring many of the major
migratory living resources are concentrated in rela-
tively deep water at the edge of the shelf, some ap-
parently favoring the major canyons. Conditions
along these outer boundaries must play an important
role in determining future abundance and availa-
bility of these resources to the inshore fisheries.

The definition of the Middle Atlantic Estuarine
Ares adopted here is similar to the definition of the
Middle Atlantic estuarine region used in the “Na-
tional Estuarine Pollution Study” (Anon. 1970a),
although that study did not include Chesapeake
Bay, but considered it as a separate region. “The
National Estuary Study” (Anon. 1970b) defined
the Middle Atlantic Estuarine Zone as the estuaries,
bays, and coastal waters from Cape Cod to Cape
Charles, Va. Chesapeake Bay was considered sep-
arately, and the area from Cape Henry, Va. to Cape
Hatteras was included with the South Atlantic
Estuarine Zone. None of these arrangements is
entirely satisfactory for a fishery study because basic
data on domestic commercial landings are recorded
by states, whereas foreign and recreational eatches
are recorded by broader regions. The fishery re-
sources of Chesapeake Bay are sufficiently different
from those to the north that it is best to examine
them separately. Because North Carolina fishery
resources are transitional between Middle and South
Atlantic Estuarine Areas, the commercial fisheries
of North Carolina have been omitted. Thus, the two
subareas of the Middle Atlantic Estuarine Area con-
sidered in the present study are Rhode Island to
Delaware inclusive, and the Chesapeake states,
Maryland and Virginia.
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Freure 1.—The Middle Atlantic Estuarine Area of the United States. Not all place names mentioned in the text are included.
The long narrow east-west peninsula near the southeast end of Long Island and the similar north-south peninsula at the north
end of the New Jersey seacoast are Rockaway Point and Sandy Hook, respectively. A line drawn between these points separates
Greater Raritan Bay from New York Bight. The Potomac River is the large river entering Chesapeake Bay from the west. The
Maryland-Virginia boundary follows its southern bank. The Patuxent River lies immediately north of the Potomac and the

Rappahannock River immediately south.

Within waters under national jurisdiction, from
inland limits of estuarine waters to seaward limits
of domestic fishery control, living marine resources
are subject to many natural and manmade hazards.
Subtle or catastrophic natural environmental vari-
ables can alter abundance and availability of the
resources to fishermen. Various stresses created by
man include not only relatively uncontrolled fishing,
but also domestic and industrial wastes and engineer-
ing works which alter the environment, usually for
the worse. Farther out on the continental shelf,

especially at or near the edge, many of these re-
sources remain concentrated for several months in
winter and early spring. Here they are highly vulner-
able to fishing, mainly by foreign fleets, but less
susceptible to water pollution and other indirect
human influences.

The fishery resources of the area from Cape Cod to
Cape Hatteras provided a domestic commercial
catch in 1973 of about 1.6 billion pounds?, for which

1To convert millions of pounds to metric tons, multiply by 453.6.
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American fishermen received about $119 million.
The retail value of this catch could be $300 million or
more. They also provided 820 million pounds to
fishing fleets of at least 10 other nations. Not to be
ignored is the substantial recreational catch. Surveys
of saltwater sport fisheries have not been made every

year, but in 1970 recreational fishermen were re--

ported to have taken about 447 million pounds from
the same community of resources, and the sport
catch in the area probably was larger in 1973. The
distribution-of catch and fishing effort on individual
stocks varies between recreational, domestic com-
mercial, and foreign fisheries. Not included in the
recreational catch are clams, bay scallop, erabs, and
some other invertebrates taken in large numbers by
non-commercial fishermen. The recreational catches
of invertebrates have never been assessed for the
area as a whole. These three segments of the fisheries
of the Middle Atlantie Estuarine Area have been
taking about 2.9 billion pounds of fish and shellfish
annually, and perhaps more.

This essay reviews briefly the status of the com-
mercial fisheries of the Middle Atlantic Estuarine
Area in 1969, when the report pursuant to the re-
quirements of Public Law 89-753 was completed
(“National Estuarine Pollution Study’’), and makes
a comparison with the situation five years later, in
1974. The comparison considers what has happened
in the interim, what improvements and adverse
developments have been noted, what important
issues need attention, what the future may bring,
and what are the chances for improved management
of the resource. Particular attention has been given
to the effects of estuarine pollution, as directed by
Public Law 92-500, section 104(n), but it has not
been possible to ignore other sources of variation in
condition of the commercial fishery resources. This
has required, among other things, brief attention to
the saltwater sport fisheries, which are properly the
subject of another chapter in this volume. Assuming
that other sources of attrition are, or will be, under
control, continued productivity of the coastal fisher~
ies will still depend upon appropriate control of all
forms of fishing.

THE RESOURCE

Coastal fishery resources can be subdivided use-
fully into several categories, based not only on their
value to man and to the ecosystem, but also on their
geographic distributions, migratory habits, and
vulnerability to manmade environmental change.
One such arrangement might be:

1) endemic resources, like oyster, hard elam, and

‘ perHaps some migratory species of limited scope,

like blue crab, white perch, tautog, and some stocks
of winter flounder (category Ee in Tables 1 and 3);

2) migratory coastal species that do not move off-
shore in significant numbers beyond national fishery
jurisdietion, like menhaden, croaker, and weakfish
(Em);

~ 8) anadromous and catadromous species, which

spawn in fresh water but spend most of their lives
at sea, or vice versa, like American shad, alewife,
striped bass, and American eel (A);

4) living resources of the continenial shelf, which
at the harvestable stage either are immobile on or
under the sea bed or are unable to move except in
constant physical contact with the sea bed or the
subsoil, like surf clam or rock crab (S) ;2 and

5) highly migratory resources that move seasonally
not only north and south, but also inshore-offshore
between estuarine waters proper and the outer con-
tinental shelf, like red and silver hakes, summer
flounder, scup, and butterfish (Om). A sixth cate-
gory in this arrangement might be made up of truly
oceanic species, like tunas and the great whales,
which penetrate waters of the inshore estuary seldom,
if at all (O).

Most of these living resources are subject to man-
made stresses in the inshore estuarine environment,
some throughout life, others at important stages.
Assessment and control of the effects of water pollu-
tion, engineering works, and other human environ-
mental influences, including fishing, upon the living
resources is extremely difficult because at least four
other major complicating forces may be operating
at the same time: 1) natural variations in environ-
mental quality, sometimes subtle, like changes in
water temperature or salinity—sometimes catastro-
phic, like the effects of hurricane winds or heavy
rains; 2) self-generated (endogenous) oscillations
within individual stocks; 3) complicated and major
effects of fishing operations; and 4) opinions, emo-
tions, and political pressures generated by the effects
of natural and manmade phenomena indiscrimin-
ately, which influence the regulatory process.

Status of t]1e Resource in 1969

Judged by the total weight of fish and shellfish
landed in the Middle Atlantic Estuarine Area in
1969 as compared with the past, the domestic com-
mercial fisheries of the area had never been in worse
condition. Total weight of landings was at an all-
time low in recorded history, less than 37 percent of

o2 Avmerica'n’lobster has been declared by the United States Congress a
creature of the shelf, but it does not fit the definition.
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the 1956 high of 1.59 billion pounds. But for most of
the period up to 1956 and for some years after, in-
dustrial fish and shellfish (used for purposes other
than human food) had dominated the catch, thus
trends in total landings reflect principally the for-
tunes of the industrial fisheries, harvesting mostly
menhaden for manufacture of oil and meal. When
edible species are considered separately, the peak in
landings came about 1930.- By 1969 landings of food
fish and shelifish, 'all species combined, in the area
had been dropping fairly steadily for about 40 years.

The 1930 maximum in production of edible fish
and shellfish came shortly after it was discovered
that many of the resources which migrate into
Middle Atlantic estuaries in spring and summer
move outward to the edge of the continental shelf
and southward in late fall and winter. A winter.trawl
fishery rapidly developed offshore to take advantage
of this discovery. Major disturbances in the long-
‘térm trend since 1930 came when prices and landings
dropped sharply during the economic depression.of
the early 1930s, rose sharply toward the end of the
second world war when acute shortages of red meat
at home and abroad increased the demand for pro-
tein from the sea, and fell again in the 1950s. In 1968
total weight of edible fish and shellfish landed in the
Middle Atlantic Estuarine Area was lower than in
any year on record except 1933, when the full force
of the depression had hit the fisheries, with adverse
effects on demand and prices. Total landings of
edible fish and shellfish were only moderately hlgher
in 1969 than in the low year 1968

RI—;Oi)E ISLAND—DELAWARE SUBAREA

Major species by weight J'1n 1969 landings in this
subarea are listed in Table 1. Surf clam dominated
the ,edible catch, accounting for 35.6 percent by
Welght of all food fish and shellfish. Next in order
were yellowtail flounder, hard clam, American
lobster, scup, and winter flounder. Together, these
six species made up nearly 82 percent of the total
weight of? edible fish and shellfish. .

By landed value (Table 2) hard clam dominated
‘the edible catch (nearly 29 percent of the total),
followed in decreasing total landed value by lobster,
surf clam, and oyster. The first four species by landed
value were shellfish, and they made up 68 percent of
the total landed value 1ncludmg industrial species.
'MaJor edible finfish species by landed value were
seup, yellowtall flounder, summer and winter floun-
ders, striped bass, and butterfish. The 10 leadmg
species by landed value, 1nclud1ng shellfish and in-
(dustrial species, produced a gross income to domestic
commercial fishermen of over $30 million, nearly

Table 1.—Major specles In domestic commerclal fishery landings in the Middle
Atlantfc Estuarine Area 1969-1973 (Rhiode Island to Delaware Incluslve), Welghts®
In millions of pounds. Shells of molluscan shellfish not Included. Specles with:
total annual catch 50,000 pounds or Iess not included. Symhols: Ee = estuarine
endemic; Em = estuarine migratory, A = anadromous or catadromous; S =
creatures of the continental sheif; Om = oceanlc migratory, usually moving
between international and territorial waters; 0 = truly oceanic

1972-73

Species 1969 | 1970 | 1971 | 1972 | 1973 |as % of
1969~70

Menhaden_..._.._.._ Em 43,8 40.6 | 80.4 | 158.3 | 172.5 392
Surf elam .o oo S 42,2 | 526 | 40.3 | 327 | 31.6 68
Yellowtail flounder_..] Om 135 154 ] 20.8 | 28.0 ] 25.1 184
Hard clam__..oc_._] Ee 1.4 119 ] 125 12.1 | 10.2 96
Silver hake...--......] Om 8.9 8.0 8.2 109 1L5 133
American lobster. Om 8.0 9.3 9.0 6.3 5.4 ‘68
SCUP-eenmeee Om 7.4 7.4 82| 74| 94 114
Winter flounder Om 7.2 8.1 8.1 6.6 | ‘6.6 86
Butterfish. . .- Om 3.6 2.2 2.7 1.2 3.0 72
Atlantic cod-....___ Om 3.4 3.8 3.1 2.7 3.4 85
Squids o] Om 2.3 1.4 1.3 1.9 2.8 12
Summer flounder.. 4 Om 2.2 3.2 3.2 3.2 5.6 170
Bluefish.__...___..] Om 2.0 3.1 2.5 2.2 2.7 96
Weakfish_ .. o—oonooo Om 2.0 2.4 4.8 5.6 4.3 225
Striped bass.-....-| A 1.9 1.7 1.6 1.7 3.6 147
Atlantic mackerel......] Om 1.4 2.3 1.7 2.8 2.8 151
American oyster.____.| Ee 1.4 1.5 2.1 3.4 3.3 231
Red hake_....__..__| 1.2 1.6 1.3 1.6 1.9 125
Bluecrab____..___... 1.1 1.2 2.2 4.0 5.0 391
Sea scallop-... 0.9 0.7 0.5 0.5 0.6 &9
Coneh__ooosee 0.6 0.5 0.5 0.5 0.4 82
American shad. 0.5 0.5 0.5 0.6 0.5 110
American eel. - 0.5 0.5 0.4 0.5 0.6 110
Black sea bass 0.5 0.4 0.4 0.6 0.9 167
Tilefish_ o oo o] 0.1 0.1 0.1 0.3 0.8 550
Bluefin tuna..._.....| 0.1 3.1 2.0 2.2 1.3 109
Sea mussels...___.. 0.2 0.2 0.3 0.5 07| - 300
Subtotals..__.......] 168.3 | 183.7 | 216.7 | 298.3 | 316.5 175
> Grand totals__....-..] 231,9 | 224.2 | 253.5 | 326.0 | 379.7 155

P

‘ 86 f)ercent of the landed value of the entire domestic

commercial catch from this subarea, in' 1969. This
probably répresents a retail value of $100 million
or more.

Although landmgs in Rhode Island to Delaware
in 1969 were almost the lowest on record, they might
have been even lower if commercial ﬁshermen had
not constantly shifted to new resources as the supply
of traditional resources declined. Outstanding ex-
amples of such declines were menhaden landings,
which fell from a maximum of over one billion pounds
in 1956 to a 1966 low of only 22 million pounds. By
1969 the menhaden catch in the subsrea had in-
creased to about 46 million pounds. The American
oyster, which was reported to have produced a

"maximum of about 60 million pounds of meats in the

early part of the 20th century dropped from about
35 million pounds in 1929 to a low of one million in

1965, and in 1969 had recovered only slightly to

about 1.4 million pounds of mieats. Seup was the
dominant food finfish for almost two decades, reach-




FISHEEIEE"" s 7: : » - R 153

Table 2.~Major species in ﬂome&lc coﬁmercfalfished landings IE‘ the Middle'

Atlantic Estuarine Area 1969-1973 (Rhode Island to Delaware Inclusive). Landed
values (price pald to-fishermen) In millions of dellars, not adjusted to standard
dollars. * = $50, 000 or less .

.

Species 1969 1970 1971 1972 7| 1973

Hérd clam______________._]] 10.3 11.5 13.5 16.0 13.9
American lobster e 7.4 9.5 10.2 8.7 8.5
Surfclam__-.... aecd 5.0 6.1 5.4 4.2 3.9
American gyster... ~ad LB 2.0 2.8 4.4 5.1
Scup. S 15 18 L7 1.7 2.7
Yellowtail flounder.........__] L4 1.7 2.1 3.7 4.4
Sea SCallope sme o mmeemmaned] 1.0 0.9 0.8 1.0 1.1
Menhaden. o cneao_] 0.8 0.7 0.3 2.5 4.3
Summer flounder_ ... 0.8 1.2 1.2 1.3 | 2.3
Silver hake_ .- 0.7 0.8 0.7 0.9 1.4
Winter flounder_ - _—....__ i 0.7 0.9 1.0 1.1 1.2
Striped bass..ev o o_d 0.5 0.4 0.5 0.6 1.2
Butterfish__.______ AR 0.5 0.4 0.5 0.3 0.7
Bay scallop. o oo i 0.4 0.5 0.3 0.2 0.5
Atlantic cad. oo 0.3 0.4 0.4 0.5 0.6
Bluefsh 0.3 0.3 0.3 ‘0.3 0.3
0.2 0.2 0.2 0.3 0.6

0.2 0.2 0.2 0.2 0.4

0.1 0.2 0.4 1.0 L3

0.1 0.2 0.5 0.7 0.7

0.1 0.1 0.1 0.1 © 0.2

0.1 0,1 0.1 0.2 0.2

- 0.1 0.1 0.1 0.1 0.1

Atlantic mackerel.______._| 0.1 a.1 0.1 0.2 © 0.2
American shad_.__._._..._] 0.1 0.1 0.1 0.1 0.1
Red hake.o oo 0.1 0.1 0.1 0.1 0.1
White perch- .. __._..____] * 0.1 * 0.1 0.1
Subtotals_ o coommeeoeen ] 34.3 40.6 43.6 50.4 56.1
Grand totals_ o _.___.] 35.6 42.5 46.7 53.0 58.6

ing a maximum of over 34 million pounds in 1960
and a minimum of 6.2 million in 1971. Landings of
scup in 1969 were near this minimum, at about 7.4
million pounds. Several other species,'like weakfish,
had produced relatively large catches earlier and had
fallen to minima in or about 1969.

To balance these substantial declines commercial
fishermen turned to other species, notably surf clam.
This fishery was negligible prior to the mid-1940s,
but began to grow in 1945 off Long Island, N.Y.
Landings from waters off Long Island reached a
peak quickly and the center of operations shifted to
the New Jersey coast. By 1968 and 1969 landings
in New Jersey had declined slightly from a peak of
over 43 million pounds of meats in 1966, and the
fishery had just begun to shift to beds off the Dela-
ware and Maryland coasts. The history of this fishery
has been one of heavy exploitation of known clam
stocks, entry of more capltal and labor, substantial
reduction of the stocks, exploration for unexploited
segments of the resourée, and a constant shifting
toward the south. The surf clam industry provides
an excellent case history of what happens to a living
resource when harvesting is essentially unregulated.

CHESAPEAKE SUBAREA

Total domestic commerclal landlngs in the Chesa-
peake Bay states in 1969 were lower than they had
been since 1953. ‘As in the ares to the north, indus-
trial fisheries have dominated the catch, but the
1969 catch was not an all-time low, as it was from
Delaware to Rhode Island. The smallest reported
total weight of landings in the Chesapeake subarea
was in 1942, at just over 200 million pounds, and the
trend has been upward ever since. -

Landings of edible fish and shellfish in. the Chesa-
peake area reached a peak by weight in 1930, as they
did farther north, then declined, but reached even
higher levels in the middle 1940s, with a maximum of
about-205 million pounds. An unusual abundance of
croaker ‘and weakfish, coupled with high demand for
food fish during the war and immediately after, were
largely responsible for this second peak. Blue crab,
alewife, and oyster dominated the edible catch in the
Chesapeake subarea in 1969, accounting for about 67
percent, by weight of all edible fishery products.
Next in order by weight were soft clam, striped bass,
surf clam, northern puffer, American shad, scup,
hard clam, and white perch (Table 3).

Together, these 11 major species made up over 90
percent -of total edible landings. By landed value
(Table 4) the first five species were shellfish, ac-
counting for nearly 83 percent of all edible specles
by value. :

A steady shift from one resource to another, al—
ready noted in landings in the Rhode Island—Dela,—
ware subarea, was characteristic of the Chesapeake
subarea also. Catches of the following species de-
clined substantially prior to 1969: Atlantic croaker,
down from a maximum of 57.7 million pounds in
1945 to a low of about six thousand pounds in 1968;
scup down from a peak of 13.5 million pounds in
1960 to about 2.5 million in 1968; séa bass from a
maximum of 10.1 million pounds in 1952 to about
1.9 million in 1969; weakfish from a 1945 peak of

24.7 million pounds to a low of 0,7 million in 1967;

and American oyster from over 100 million pounds of
meats before the turn of the century to a'record low
of 18.3 million in 1963. Countervalhng upward
trends oceufred in landings of other speciesi men-
haden from a low of about 64 million pounds in 1942
to record highs in the late 1950s and early 1960s,
then a decline to about 180 million in 1969; stnped
bass, an upward trend since 1934, when the catch
was only 0.6 million pounds, to a maximum’ of 7.8
million in 1969; blue crab from a low of 30.2 million
pounds in 1942 to a high of 94 million in 1966; and
soft’ clam from insignificant catches prior to the
second ‘world war to a peak of over 8 million pounds
of meats in 1964.
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Table 3.—Major species in domestic commerclal fis.hery landings in the Middle
Atlantic Estuarine Area 1969-1973 (Chesapeake Bay). Details as in Table 1. * =
50,000 pounds or less

' ) 1972-73
Species : 1969 | 1970 | 1971 1972 | 1973 |(as % of
1969-70
Menhaden..... o] | Em 181.6 | 449,8 | 400.1 | 555.6 | 503.9| - 168
Bluecrab__. 4 Em 60.9 69.8 76.1 74.5 56.1 100
Alewife. .o oeceool A 33.9 21.1 13.1 12.1 11.3 43
American oyster...__] Ee 22,21 247 | 256 | 241 | 23.9 102
Soft clam___... 4 Ee 7.9 6.2 6.0 1.9 0.6 18
Striped bass....--_- A - 7.8 5.8 4.0 5.8 7.4 97
Surfclam_.._____..J S 7.3 14,6 | 12.3 30.7 50.8 n
Northern puffer_._._{ Ee 4.6 1.5 0.6 0.1 * 3
American shad_...__{ A 3.5 5.1 2.5 3.0 3.0 70
F1 11T S Om 2.9 21 1.9 1.3 0.8 42
Hatd clam.....cecoo-d Ee 2.7 1.8 2.2 1.5 1.4 64
White perch__ J Ee 2.7 1.9 2.0 1.4 1.0 52
Black sea bass.-..—...| Om 1.9 1.7 0.8 1.0 1.5 69
Summer flounder-..... Om 1.7 2.5 2,0 2.1 3.7 138
Catfish and builheads | ke 1.6 1.3 1.8 1.9 1.5 117
Sea scallop. ... 1.4 0.7 0.5 1.0 0.8 86
Spot__.o..- 1.1 6.4 0.5 3.0 2.6 75
American eel..__...] 1.1 1.5 1.5 0.7 0.4 42
Butterfish_ __.____... 1.1 -1.6 0.7 0.3 0.2 19
Weakfish_...___ 1.0 2.5 2.7 2.9 5.6 243
Winter flounder.. 0.5 0.1 0.1 * * 17
0.4 0.4 0.4 0.3 0.2 62
0.3 0.7 0.8 1.3 3.1 440
0.3 0.4 0.1 0.3 0.4 100
0.3 0.2 0.2 0.2 0.2 80
0.3 0.3 0.1 0.1 * 25
0.2 0.2 0.3 0.9 0.2 275
Sharks. caccmcaeanad 0.2 0.1 0.1 0.1 0.1 67
Atlantic croaker. ... 0.1 0.1 0.3 0.5 1.4 950
Spanish mackerel..._| Om 0.1 0.2 0.1 * * 33
Black drum._.. 4 Em 0.1 0.1 0.1 * * 50
Yeliow perch.. ] Ee 0.1 0.1 0.1 0.1 ¥ 75
Silver hake__._._....] om 0.1 0.1 0.1 * * 50
Hickory shad. ... A 0.1 0.1 * 0.1 0.1 100
Atlantic herring. Om 0.1 * 2.5 0.7 0.4 .
Sea rpbins..._-- Om 0.1 * 0 0 *
King whiting Om * 0.1 * * *
Spotted sea trout..__{ Om * 0.1 * * *
Harvestfish__. ] * * 0.1 0.1 0.2
Gizzard shad........| Ee ¥ * 0.1 0.1 0.1 L ...
Subtotals.. ... 351.1 | 625,89 | 562.4 | 729.7 | 682.9 145
Grand totals_...____] 354.1 | 630.4 | 578.4 | 735.1 | 694.6 145

Status of the Resource in 1974

The recdrd for 1973 must serve as an index of the
condition of the fisheries of the Middle Atlantic
Estuarine area in 1974, because complete statistics
for 1974 were not available at the time of writing.
Where appropriate, incomplete statistics (by
months) or reports in the literature can be used to
extend the analysis into 1974. In the area as a whole
since 1969 total landings have almost doubled (Ta-
bles 1 and 3), from about 585 million to 1,054 mil-
lion pounds. Most of this increase has come about
through a substantial increase in menbaden landings,
which in 1973 were three times the 1969 catch. The
remainder of the increase was made up of substantial

Table 4.—Major species in domestic commercial fishery landings inthe Middle

Atlantic Estuarine Area 1969-1973 (Chesapeake Bay). Landed values {price paid

to fishermen in millions of dollars, not adjusted to standard dollars). * =
$50,000 or less
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growth in catches of surf clam, yellowtail flounder,
weakfish, summer flounder, oyster, bluefish, and
some other species like croaker and tilefish for which
the increase in pounds was relatively small but the
percentage increase was large. Landings of Atlantic
croaker, for example, were 14 times as large in 1973
as in 1969, and according to a recent report young
croaker are exceedingly abundant in Chesapeake Bay
in 1974, which suggests that catches will continue to
increase. The relatively large increase in tilefish land-
ings was caused by recent development of a special-
ized fishery out of New Jersey. These substantial
increases were partially offset by decreased landings
of other resources. Included in this group were ale-
wife, soft clam, northern puffer, American lobster,
hard clam, and a few others. No substantial increases
in domestic fishing effort or techniques have occurred
in the 5-year period, except perhaps for menhaden.
This knowledge, and other lines of evidence, e.g.
increased reereational catches and personal observa-
tions, can be taken as strongly supporting the view
that there has been a real increase in abundance of
some species of the estuaries and a real decrease in
others. For species like alewife the decline in do-
mestic landings was balanced by increased foreign
catches.




FISHERIES _ 155

RuopE ISLAND-DELAWARE SUBAREA

Landings in this subarea increased by about 55
percent from 1969 to 1973 (Table 1). Menhaden
landings increased nearly fourfold and fairly large
gains were recorded also for yellowtail flounder, blue
crab, summer flounder, silver hake, weakfish, scup,
oyster, and striped bass. These increases were parti-
ally offset by declines in landings of surf clam, Amer-
ican lobster, and a few other species. The decline in
lobster catches may have been a result of decreasing
fishing effort.

CHESAPEAKE SUBAREA

Domestic commercial fishery landings in this sub-
area almost doubled from 1969 to 1973. The major
increase here was also in menhaden landings, which
almost tripled in this subarea. The increase in total
landings had been even greater in 1972, from about
354 million pounds in 1969 to about 735 million,
more than doubling the 1969 catch. Food fish and
shellfish landings were moderately higher in the
Chesapeake subarea in 1973 than in 1969, largely
because surf clam production rose by more than 43
million pounds of meats, almost a sevenfold increase.
But this substantial increase was partially offset
by a major drop in alewife catches, catastrophic
declines in production of soft clam and northern
puffer, and moderate drops in catches of several
other species (Table 3). ‘

PROBABLE CAUSES OF CHANGES

Most living resources of the coastal zone fluctuate
widely in abundance from natural causes. Natural
changes in environmental conditions at critical
stages in the life history obviously affect survival and
future abundance, but our understanding of cause
and effect is very poor and probably always will be.
When the fortunes of the fisheries are viewed against
this background of natural change it is difficult to
determine the relative contributions of fishing, water
pollution and other manmade effects, and natural
environmental variations. The effects of fishing can
be measured if accurate information is available on
catches and amount of fishing effort over a reason-
ably long period of time. But similar information on
most other manmade effects, and on naturally-
caused changes in abundance, is not available. Thus,
conclusions about the causes of changing abundance
of living resources are likely to be largely intuitive.

To assess the reasons for the changes obsérved
between 1969 and 1973 in commercial fishery land-

ings in the Middle Atlantic Estuarine Area it is
helpful to retreat to the narrower and more com-
monly used definition of an estuary: a semi-enclosed
coastal body of water having a free connection with
the open sea and within which the sea water is mea-
surably diluted with fresh water derived by land
drainage. It is in such bodies of coastal water that
effects of human activities are most pronounced.
This includes Long Island and Block Island Sounds,
Greater Raritan Bay (inside a line joining Rockaway
Point and Sandy Hook), Delaware Bay, Chesapeake
Bay, and all estuaries and bays lying inside the
fringe of barrier beaches along the south shore of
Long Island and the ocean coasts of New Jersey,
Delaware, Maryland, and Virginia. Because it has
been a major waste disposal site for many years, the
apex of New York Bight is also included, although
it does not fit the conventional definition.

This separation of estuarine and shelf waters
eliminates some major living resources in Tables 1 to
4 from consideration insofar as strietly estuarine
processes are concerned. These resources are: surf
clam, yellowtail flounder, cod, haddock, Atlantic
mackerel, sea scallop, tilefish, bluefin tuna, and
probably a part of the lobster resource. It is assumed
for the purposes of this study that these essentially
oceanic species, and perhaps some others which do
not reside in coastal waters close to shore for any
great length of time, are not presently affected
significantly in abundance by human alteration of
the estuarine environment. However, it must be
remembered that large oceanic fishes like tunas and
billfishes. have been shown to accumulate relatively
large residues of heavy metals and other contami-
nants which may have come from estuarine sources
via the food web. Changes in abundance of these
species must be assumed to be caused by natural
environmental changes, or by the effects of fishing,
or both. This leaves about 25 species, more or less,
depending upon how one defines importance to the
domestic commercial and recreational fisheries,
about which we should be particularly concerned
with respect to the effects of manmade environ-
mental modification. These resources have been
identified by code letters in Tables 1 and 3.

Species Which Have
Produced Major Changes
in Landings 1969-74

Of this group of about 25, nine have shown con-
siderable increases in landings in the area as a whole,
and these increases are almost certainly associated
with real increases in abundance, for reasons already
given. Another eight, or perhaps nine, have shown



156

considerable declines in landings, some of which have

‘been associated with real decreases in abundance.
Two additional species have produced major in-
creases in landings in the Rhode Island—Delaware
subarea only, and another three have declined only
in the Chesapeake subarea. Before discussing specific
environmental alterations which may have been
responsible it is helpful to examine brieﬂy most of
these species to find out whether it is posmble to
identify all or some of the reasons for the ma;\or n-
creases and declines.

AmERICAN OYSTER

The oyster industry of the area now produces
much less'than it once did, but this still is the most
important oystering area in the nation. In the late
19508 and early 1960s one calamity after another hit
the industry, first a massive invasion of sea'stars in
Long Island Sound, then specific diseases of oysters
in Delaware Bay and later in Virginia. It 'is not
known whether reduced water quality was a factor
in these epizootics, but it is possible that the new
stresses exerted on the resource by manmade en-
vironmental changes may have made the oyster
more susceptible. These outbreaks almost destroyed
the industry in all major producing areas from New
York to Chesapeake Bay except in Maryland. The
relatively low-salinity waters of the northern part of
Chesapeake Bay are particularly favorable for oyster
growing, and a massive rehabilitation program, con-
sisting mainly of replanting shell and transplanting
live oysters, by the State of Maryland on public

oyster grounds has more than doubled production
there since the low year 1963. This has demonstrated
that oyster production can be increased if govern-
ments are willing to spend the time and money to do
80. Whether this has contributed any increased
revenue to the local economy apparently has not
been demonstrated.

In the New York and Chesapeake areas some suc-
cess has been attained at raising seed oysters in
hateheries. At this stage, however, opinion is divided
as to whether this is an economically sound method
of resolving the problem of highly variable natural
seed production. In the other Middle Atlantic states
private enterprise, sometimes with help from the
states, has been improving oyster production slowly.
In the area as a whole landings have increased about
15 percent from 1969 to 1973. In Maryland the in-
crease has been more than 19 percent in the 5-year
period, but this and the modest gains in other states
have been partially off-set by a drop in Vlrgmla
oyster production.

V,[uch of the blame for the long—term decline in

ESTUARINE PoLLUTION CONTROL

oyster production has been attributed to careless
oystering practices, but water pollution also has
hurt the industry by forcing closure of more and moré
areas for public health reasons, and by adversely
affecting survival of larvae and young. But aside
from setbacks by severe storms, and severe out-
breaks of predation or disease, industry and govern-
ment probably will be able to continue improving
the velume of oyster productlon to satisfy e}ustmg
demand.

Harp Cram

Hard clam is harvested in all states in the Middle
Atlantic Estuarine area, but New York now is by
far the largest producer. Most of this production
comes from Great South Bay on Long Island. From
1929 to 1957 Rhode Island and New York vied for
first place in volume of hard clam landed, but since
1957 landings have been rising in New York and
falling in Rhode Island. The decline in Rhode Island
probably has been caused by over-harvesting, but
the rise in New York landings almost certainly has
represented a large increase in abundance in Great
South Bay over the past 15 years. In both states the
industry has been plagued by water pollution,
which has led to progressive closing of productive
clam beds, especially on Long Island, where the
human population is growing more rapidly than in
any other area of the United States. Large areas of
clam bottom are closed or restricted along the New
Jersey coast, as in other states of the area. Where
clam digging is permitted the harvest is intense
because demand is good and . prices high.,

Many experlenced baymen believe the avallable
resource is being overharvested. That conclusion is
hard to escape with respeet to the Rhode Island
hard clam industry, which now produces only about
20 percent of the catch of 20 years ago. The harvest
in New York reached a peak in the period 1969 to
1973 and this is reflected in the record of landings
for the subregion (Table 1). Clam diggers in Great
South Bay report that they now must work harder
to make the same catch. Clam fisheries in the area
generally are subject to a negative form of manage-
ment, in which water quality is checked frequently
and grounds are closed to harvesting when coliform
bacteria numbers exceed minimum values. This is
important, but is not likely to maintain yields of
clam resources when the total catch needs to be con-
trolled also. The towns that have jurisdiction over
clam beds in Great South Bay, especially the town
of Islip, are now beginning to devélop model re-
search and management programs based on im-
proved law enforcement, better understanding of
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the dynamies of the resource, and traﬁsplanta’oioﬁ
from polluted to clean areas. They deserve to be
encouraged and supported adequately.

SOFT CLAM

The soft clam 1ndustry of the area developed in
Maryland waters in the 1950s to supply markets
that could no longer be satisfied by a declining catch
in New England. The abrupt decline in landings
from 1971 to 1972 and 1973 (Table 3) was caused
by the effects of tropical storm Agnes, in June 1972,
which brqught down such a load of contaminants
from land drainage after heavy rains that the State
of Maryland found it necessary to prohibit harvest-
ing in the interest of public health. Before water
quality had recovered to safe levels, low salinities
and high water temperatures had killed most soft
clams in commercial clamming areas. Restrictions
were placed on the catch in 1972 and 1973 because
it was feared that the sharply-reduced resource
could not withstand an intense fishery. It was ex-
pected that landings would be considerably better in
1974, and monthly statistics received to date have
borne this out.

Wuarre PercH

This species also is most abundant in the Chesa-~
peake segment of the area. Commercial landings in
Chesapeake Bay have dropped to almost one-third of
the 1969 level, but this may not have been a conse-
quence of declining abundance. White perch is taken
in large quantities by sport fishermen in the area,
especially from New Jersey south, and the estimated
recreational catch is much larger than the commer-
cial catch. White perch is endemic to the inshore
estuary, and in Maryland waters of Chesapeake Bay
it is considered to be underexploited. The decline of
the commercial fishery there probably has been
caused by overcrowding and slow growth, which
has affected prices. In Virginia, on the other hand,
the species is believed to have been affected ad-
‘versely by water pollution, especially in:the James
R1ver

\

NORTHERJ{\I PurrER

The major fishery for puffer in the area ‘also has
been in Chesapeake Bay. Peak landings were reached
in 1965, and landmgs have been erratic and generally
downward since that time. The initial decline was
caused by excessive catches in 1965, and in 1966 a
considerable supply of puffer was held over in cold

storage from the previous year. The species is notably
variable in abundance, apparently from wide varia-
tion in success of spawning, which is especially evi-
dent in short-lived species; but, as with other species,
the causes of fluctuation are not known. Commercial
landings dropped from 4.6 million pounds 1o less
than 50,000 from 1969 to 1973 (Table 3). Consider-
able numbers are taken by sport fishermen in the
area as 2 Whole, and the recreational catch has
dropped sharply in New York and New Jersey as
well as in Chesapeake Bay.

Spor

This is a fish of estuaries and inshore - coastal
waters. It was once fairly important along the west-
ern end of Long Island and the New Jersey coast,
but commerecial catches have been relatively minor
since the middle 1940s. The reason for the decline is
not known. Spot is a short-lived fish, and wide varia-
tions in success of spawning are reflected in catches
almost immediately. The increase of about 1.5 mil-
lion pounds in the commercial catch from 1969 to
1973 probably merely reflects such variations, for the
1970 catch was much higher (Table 3). .

BLUE CRAB ,

"The blue erab fishery has beencentered in Chesa-
peake Bay, and landings to the north have histor-
cally been much smaller. Abundance and catches
have varied widely in the Chesapeake, but the long-
term trend in landings has been upward since the
1930s, although the peak catch of about 97 million
pounds in 1966 has not been exceeded. From Dela-
ware north the maximum catch was 6.6 million
pounds in 1950, and fluctuations have been relatively
much wider north of Chesapeake Bay. The northern
fishery declined after about 1957 and in New York
no commercial catch has been reported since 1961.
In the 1970s blue crab began to increase in abun-

dance in bays along the south shore of Long Island,

and although commercial fishing has not resumed in
New York, recreational catches of blue crab are
reported to have been substantidl. Similar increases
have occurred in New Jersey and Delaware also.
The increased commerc1al catches in those states are
showninTablel,

It has been speculated that recovery of the re-
source in New York has been caused by the ban on
use of DDT and other chlorinated hydrocarbons for
mosquito control. Suffolk County, New York, was
reputed at one time to have the moét massive spray-

"ing program in the country. Partial recovery of the
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fishery in New Jersey and Delaware also might have
had the same cause, but there is no proof that this
was 8o in any state. Whatever the cause, landings
by commercial and recreational fishermen north-of
Chesapeake Bay have certainly increased substan-
tially, and the reported commercial catch has now
recovered to about 76 percent of the all-time high.
Because the recreational catch probably is much
larger now, the condition of the resource probably is
better than indicated by commercial landings alone.

AtraNTic MENHADEN

The 5-year increase in landings of menhaden north
of Chesapeake Bay was substantial, but 1973 land-
ings were still far short of the maximum reached in
1956, In the Chesapeake subarea, however, men-
haden landings in 1972 were the highest on record,
in 1973 second highest. The 1970 Chesapeake catch
was the third best year on record and 1971 the sixth.
The intense fishery in the Chesapeake subarea now
takes mostly I-and-2-year-old immature fish, and
allows relatively few to survive long enough to
migrate farther north. The increased catch to the
north may have been related to greater abundance
in the south, or survival from local spawning may
have been better because competition from migrating
southern menhaden had been largely eliminated for
a while. That the menhaden resource has been able
to produce bumper crops despite the very heavy
drain on the stock by commercial fishing is reason-
ably good circumstantial evidence that levels of
water pollution in the area and other manmade
environmental changes have not been great enough
to affect the menhaden resource. If water pollution
or other human influences have affected the resource
in the past, it could be assumed that conditions have
improved recently as far as menhaden is concerned.
Virtually nothing is known about the environmental
variables that control the size of the menhaden stock.
It is difficult to understand how this resource has
been able to survive such a heavy fishery, and indeed
produce such large catches after it appeared that the
stocks of menhaden had been seriously overfished.
It has been noted by several workers that just before
a fish stock collapses it may produce one or more
very large year classes. No explanation has been
advanced, except speculation that in some way the
internal regulatory mechanisms of the stock break
down. Thus, the recent large catches of menhaden
in the area may be more a matter for concern than
for optimism. Events in the fishery in the last five
years illustrate as well as any case history of a fishery
how poor is ocur capability to explain and predict
what is happening. Among other things it also dem-

onstrates why it is so difficult to assess the effects of
a specific pollutant, or even of water pollution gen-
erally. If pollution control is able to prevent further
deterioration of the estuarine environment; or even
better, if estuarine pollution can be reduced; the
inevitable decline of the menhaden fisheries of the
area, when it comes, will most likely be caused by
overfishing, abetted by the effects of natural en-
vironmental changes. A decline is assumed to be
inevitable if the present high demand for the product
continues, and the fishery remains essentially un-
regulated.

STrIPED Bass

Abundance and catches of striped bass in the area
have been following an upward trend for some 40
years, although the Chesapeake cateh appears to
have leveled out for the past decade. This trend
shows in commercial and recreational landings, and
there is no good reason to doubt that abundance has
increased substantially, although the evidence is
circumstantial, as it is for most of the species under
discussion. This upward trend may not be evident
to the short-term observer, and it is not clearly
evident in the period 1969 to 1973 (Tables 1 and 3),
because the trend is superimposed upon a back-
ground of wide variations in spawning success which
have caused large short-term fluctuations in abund-
ance. Thus, in any period of a few years landings
are about as likely to be dropping as they are to be
rising.

The long-term trend in commercial landings can
be recognized clearly in the progression of highs and
lows. Since 1930 each major high in commercial
landings in the area as a whole has been higher than
the previous one, and each low also has been succes-
sively higher. It is very unlikely that this increasing
commercial harvest reflects only an increase in fishing
effort, for striped bass historically has been a popular
food fish. Sport catches also have been trending up-
ward, although a part of this increase must have
been associated with the demonstrated increase in
sport fishing effort.

It has been suggested that, because they spend the
first two years of their lives in the estuaries, striped
bass have been able to take advantage of the in-
creased nutrient supply contributed by domestic
wastes. This is only an hypothesis, which cannot be
confirmed by existing evidence that links cause and
effect. Nevertheless, it seems that striped bass has
so far been able to cope successfully with human
alterations of the environment, as well as with con-
tinued intensive fishing.

-‘This is not cause for complacency, however, for it
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is not known for certain why striped bass apparently
has been increasing in abundance for more than a
quarter-century, nor even why, along with this
trend, abundance has fluctuated so widely in the
short run. It explains nothing to say that such flue-
tuations are to be expected in resources which live in
a rich but highly variable and sometimes hostile
environment, although a more rational approach
toward fishery management might be possible if this
fact of variation were more clearly recognized. It
would be a matter of concern, of course, if the magni-
tude of such fluctuations were to increase. Nor is it
cause for complacency, even if proof were available
that added nutrients had favored striped bass abun-
dance, for the process is likely to be reversible if the
nutrient supply continues to increase.

ALEWIFE

Of all species which have declined in commercial
landings in the area sinee 1969, alewife landings
have dropped most sharply. In the Middle Atlantic
Estuarine Area the species is important commercially
only in Chesapeake Bay. Recently, from 80 to 90
percent of the catch islanded in Virginia. Chesapeake
landings of alewife dropped from about 34 million
pounds in 1969 to slightly more than 11 million in
1973, largely because large quantities have been
taken by foreign fleets offshore. As a consequence,
the United States, by negotiating bilateral agree-
ments with some nations, has imposed strict guotas
on some catches. There is no evidence that manmade
environmental changes other than fishing have
affected the resource in this area, but anadromous
species like alewife are especially vulnerable to estu-
arine water pollution.

AMERICAN SHAD

The decline in landings of shad in the area, espe-
cially north of Chesapeake Bay, does not necessarily
signify a decline in abundance of the species. It is
known that economic factors rather than a scarcity
of fish have been the primary cause of the recent
decline of the Hudson River shad fishery. Modern
transportation and preservation facilities have made
it easier to ship shad from early runs to southern
rivers for marketing in New York at high prices.
By the time shad runs begin in the Hudson River
local demand has been sated because shad tradi-
tionally has been a short-term sedsonal delicacy,
which forces the price too low for profitable fishing.
Actually, it is reported that water quality in the
Hudson River has improved in most areas, and off-

flavors of shad are less prevalent now. Like other
anadromous species, shad always will be vulnerable
to environmental deterioration. Foreign catches of
shad have not been reported.

Migratory CoasTAL Foop FisHms

Several once important food fishes have made
encouraging recoveries in abundance in the period
since 1969, although commercial landings of these
species are still far below historic maximum levels.
Included are seup, weakfish, bluefish, summer floun-
der, and Atlantic croaker. All five are important
recreational species as well, and the saltwater sport
fisheries have benefited particularly from this partial
recovery. The magnitude of the recovery probably
was greater than commercial landings suggest, be-
cause although statisties are not available on recrea-
tional catches of these species in the area except for
1970, it is demonstrated that the popularity of salt-
water sport fishing has been increasing. It must be
recognized that increased commercial or recreational
landings do not by themselves demonstrate an in-
crease in abundance, for increased catches may
simply signify greater fishing effort or improved
gvailability of fish to fishermen for some reason.
Assumption beyond reasonable doubt that these
species, and some others, have truly increased in
abundance comes from personal experience, con-
versations with scientists and fishermen, and in-
numerable reports in trade magazines and sport
fishermen’s publications. Bluefish apparently have
been particularly abundant recently, as demon-
strated by large sport catches, and by unusual num-
bers taken by commercial and research trawlers
offshore. Croaker have been appearing again off the
coasts of Delaware and New Jersey, where they have
been virtually absent for years. As mentioned al-
ready, recent reports suggest that croaker catches
may increase dramatically in 1975 and subsequently.

Wide variations in abundance of all these species
have been noted several times in the past. No one
has identified the reasons for these fluctuations, and
no one can predict what will happen in the future.
The recent increase in weakfish abundance appears
already to have been temporary, as might be ex-
pected from past experience. Weakfish appear to be
scarcer in 1974. All spend important parts of their
lives in the inshore estuary throughout the area,
and it can be assumed that they are affected in vari-
ous ways by what man does to the estuarine environ-
ment, but the extent of such effects is not known
except when major kills of obvious origin oceur. Two
of the five, scup and summer flounder, are highly
vulnerable to foreign fishing. All, however, are taken
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by domestic commercial and recreational fishermen
at all seasons, in various places, and by various gears.
Present laws and regulations, and the means to en-
force them, are totally inadequate to manage these
fisheries effectwely, even if the necessary scientific
knowledge were available. It is theoretically possible
to regulate the harvest to maintain optimum yields,
but it is questionable whether the necessary public
cooperation and adequate funds will be available.

X oo

S’tL‘vziR Hixe'

Rather surpnsmgly, domestic commercial landmgs
of this species have increased since 1969 in the area.
For several years the International Commission for
the Northwest Atlantic Fisheries (ICNAF) has
been concerned about the stocks of silver hake and
has placed quotas on the eatch. The species is not
abundant south of New Jersey, and commercial
catches from the area are determined more by the
market than by the supply of raw material. The in-
crease of about 2.5 million pounds in area landings in
the 5-year period cannot be interpreted necessarily
as an indication of increased abundance. Demand for
silver hake as human food is limited, and the price
is highly sensitive to market conditions. The in-
centive to fish for this specles varies accordingly.
However, successful spawnings ih 1971 and 1972 had
led to predlctlons of increased catches later.

AMERICAN LoOBSTER

- The lobster harvest south of Cape Cod has been
growing for about a decade. This has been attributed
to two developments, a southward shift of -lobster
stocks and increased abundance to the south in re-
sponse to declining coastal water temperatures, and
new fisheries on hitherto under-exploited lobster
stocks in relatively deep water on the continental
ghelf. As with so many popular explanations based
on observations of general environmental change,
the drop in water temperature and the increase in
Iobster abundance were real, but the cause and effect
hypothesis has not been proven. Many lobstermen
think that the harvest has been too intense and that
the resource has been overfished. This is quite likely,
for in common with most other fisheries of the area,
the states have many fishery laws and regulations,
but there has been no control on the amount of
fishing. Uncertainty about the catch of lobster by
foreign fleets and by recreational fishermen further
complicates the problem. :

Others think that a reversal of the enwronmental
trend that originally led to the growth of the ﬁshenes

south of Cape Cod is now responsible for declining
catches. There is no evidence that manmade changes
other than ﬁshjng have affected lobster abundance in
the area. It is to be hoped that the relatively new
foderal-state lobster research and management
program will help to answer these questions and
prevent overharvesting of lobster. Whatever the
cause, landings in the area by domestic commercial
fishermen dropped from a reported 8.2 million to 5.6
million pounds from 1969 to 1973 (Tables 1 and 3).

o

WinTeER FLOUNDER

This coastal species does not make extensive
migrations, and it tends to be subdivided into local
populations which do not intermingle freely. It has
a history of wide fluctuations in abundance which
appear to have been caused by natural environmen-
tal changes. Winter flounder is not very abundant
south of New York. The decline in commerecial land-
ings since 1969 (Table 1) has no great s1gmﬁcance in
terms of abundance of the resource.

BUTTERFISH

In the late 1960s butterfish was considered to be a
very much underharvested species. Foreign fleets,
especially those seeking squid, now are taking in-
creasing quantities, and it is believed that the har-
vestable surplus is now being fully utilized. Under
such circumstances it could be expected that domes-
tic catehes will be smaller than before, and this may
explain the drop of about 1.5 million pounds in
domestic commercial landings since 1969 (Tables 1
and 3). Possible effects of estuarine pollution cannot
be ruled out, however.

Estuarine Pollution

Water pollution probably shares top place with
uncontrolled fishing as the most serious threat to the
economic well-being of the domestic commercial
fisheries. The sessile endemie resources, like oyster,
clams, and mussels, are particularly vulnerable be-
cause, once the free-swimming larvae have settled to
the bottom, these resources are non-migratory. For
practical purposes conch also falls in this category.
Other estuarine endemic species can to some extent
avoid gross pollution unless they become trapped
for some reason. Little is known about sublethal
effects, although there is evidence that they can be
serious. o

The most obvious damaging effects of estuarine
pollution to living resources and to commiercial and
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recreational fishing are the threats to humsan health
caused by intake and retention of human pathogens

by mollusean shellfish. The principal reason is that

shellfish such as oyster and hard clam frequently are
eaten raw. Many formerly productivé shellfish
grounds in Rhode Island, along the Connecticut
shoreline, around the coast of Long Island, along
ocean coasts from New Jersey to Virginia mcluswe
and in Raritan, Delaware and Chesapeake Bays,
are now closed to shellfishing, or are open only under
special permit to take shellfish for further processing.
The areas so restricted include substantial parts of
coastal waters of the seven states in the Middle
Atlantic Estuarine Area, and the total area closed is
still increasing. The State of New York controls
about 425,000 acres of shellfish bottom, of which
about 100,000 acres are closed becavse water quality
does not meet minimum standards. Thirteen percent
of these waters were closed in 1973. This not only
progressively reduces the ares of bottom approved
for shellfish harvesting and therefore the potential
yield, but also increases the likelihood that consump-
tion of shellfish taken illegally will cause outbreaks of
hepatitis or other human disease. Such outbreaks
not only are dangerous to public health, but also
can have disastrous immediate and long-term effects
on the economy of the industry through erosion of
consumer confidence. Oysters and clams to be eaten
raw bring the highest prices, so are harvested selec-
tively. Thus, the economic threat to the industry
is ever-present and very great. In the period 1969 to
1973 molluscan shellfisheries of the inshore estuaries
of the Middle Atlantic Estuarine Area produced s
harvest. for which fishermen received more  than
$35 million a year, on the average, which was more
than 38 percent of the landed value of all fish and
shellfish caught commercially in the area. _

In addition to these non-migratory resources,
several other species remain within the inshore
estuaries throughout their lives, and thus may be
more vulnerable to water pollution than the highly
migratory species which come and go. Blue crab is
the most important of these, especially in- Chesa-
peake Bay, where it is the most important edible
species by weight and second most important in
landed value. Among the highly migratory species,
the ‘anadromous fishes are especially vulnerable
because the young are born in those parts of the
estuaries most susceptible to pollution. Included
are such valuable species as striped bass, alewife,
and shad. Sublethal effects in the natural environ-
ment are extremely difficult to detect and their
influence on the living resources difficult to evaluate.
Thus, it should not be assumed that such effects
are insignificant.

Mass mortalities of menhaden and other species
sometimes occur in estuaries. Such mortalities in
Chesapeake Bay often have been associated with a
natural deficiency in dissolved oxygen content of the
water in the central part of the bay and in the lower
parts of the major rivers in that area, especially the
Rappabannock, Potomae, and Patuxent. Domestic
and industrial waste disposal has aggravated this
natural condition by creating an additional oxygen
demand. A similar condition, which has become more
serious as the human population has grown, exists
in summer in the western part of Long Island
Sound. Interpretation of the effects of these man-
made changes is very difficult for at least two rea-
sons, both of which have been demonstrated dra-
matically in Chesapeake Bay in the 1969-1973 per-
iod. Hurricane Agnes in 1972 caused heavy mortality
of molluscs, partly, but not entirely, from intensifica~
tion of natural conditions. Unusually great abun-
dance of certain species, such as menhaden, will per se
increase the numbers of fish killed, and perhaps the
frequency of kills, even if the environment has not
changed, These interactions of natural and man-
made forces make it extremely difficult to measure
cause and effect, because we do not know specifically
bow these factors operate individually, or how they
interact.

At some places in the area, e.g, in Barnegat Bay,
N.J., and Long Island Sound N.Y., waste heat
from power plants has had beneﬁ(;lal, effects on
sport fishing. Species such as bluefish, striped bass,
white perch, menhaden, and others become en-
trained in the warm plume of discharged eooling
water and support recreational fisheries in winter
where none existed before. Plant shutdowns or sud-
den weather changes sometimes cause sudden mor-
talities. . The power companies are seldom praised
for such fortuitous creation of new sport fisheries,
but they are immediately vilified when a kill oceurs.
It seems unlikely that such kills can have significant
permanent or even immediate effects on the re-
sources involved, although local effects can be
catastrophie,

In summary, the only certainly identifiable eﬁ”ects
in the natural environment of estuarine water pol-
lution on the living resources and their fisheries are:
1) transfer of human pathogens; 2) closure or re-
striction of harvesting on molluscan shellfish beds;
and 3) catastrophic releases of pollutants in Whlch
cause and effect are obvious.

It follows that we have no positive explanatlon
why many important species in the Middle Atlantic
Estuarine Area have increased substantially in abun-
dance in the period 1969-1973, and thus cannot
attribute these recoveries to pollution abatement,
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where abatement has occurred. However, many lab-
oratory studies and some controlled field studies
have shown that all species studied are affected
adversely by many components of water pollution.
This is sufficient to support the conclusion that
many pollutants are deleterious to fishery resources
and to human health.

Domestic Management of the Fisheries

A primary objective of fishery management is to
maintain the resource in a condition to produce the
optimum sustainable yield, which means economic
as well as biological health. Despite the short-term
increase in landings from 1969 to 1973, which ap-
parently was not the result of an equivalent increase
in fishing effort, it is fairly obvious from the long-
term record that we have not achieved effective
fishery management in the Middle Atlantic Estu-
arine Area. The declining total catch of food fish
and shellfish, despite constant and progressive shift-
ing from resource to resource, is sufficient evidence
of that. There has been no dearth of opinion as to
what is wrong with the fisheries of the area and
what are the remedies. Many of these views have
been translated into laws, and all of the states have
voluminous codes of fishery statutes, few of which
have any basis in fact.

The only exceptions in the seven-state area are
the oyster and soft clam management programs of
the State of Maryland, already mentioned. These
have more than doubled oyster production in that
state in 10 years, 25 percent of which increase oc-
curred from 1969 to 1973 (masked in Table 3 by a
concurrent drop in Virginia) ; and are bringing about
recovery of the soft clam resource and fishery. In
New York State the town of Islip, which controls
about one-third of the bottom of Great South Bay,
has embarked on a promising program to manage
the hard clam resource. If successful, these programs
will be models for other local communities and states
to follow. The difficulties should not be underesti-
mated, however. Not the least of these is the extreme
difficulty and cost of law enforcement associated
with resources in shallow water, near shore, and
easily accessible {o the public generally. Without
adequate enforcement, the best program in the
world will fail.

Foreign Fishing

Fighing by other nations on the continental shelves
surrounding the United States has become the major
concern of domestic fishermen. It has overshadowed

all the other problems of the coastal fisheries of the
nation and of the Middle Atlantic Estuarine Area.
This dominance of foreign fishing over all other
fishery problems probably occurred because it pre-
sented an obvious “villain” which could be blamed,
rightly or wrongly, for most of the ills of the domestic
commercial and recreational fisheries. This scapegoat
has no means of fighting back at the domestic level.
Foreign fishing has seriously affected some tradi-
tional American fisheries, such as Georges Bank
haddock and Pacific halibut, to name only two.
Foreign fishing as a serious problem for the domestic
fisheries of the area began in 1965 and 1966, when
the Soviet Union took a large harvest from the
strong 1963 year class of haddock on Georges Bank,
and then began to extend its operations to the south
and west. As early as 1963, however, the USSR did
some fishing south of Georges Bank. Now at least
10 nations besides the United States are fishing in
the Middle Atlantic Bight.

Of some 47 major species in the domestic commer-
cial and recreational fisheries of the Middle Atlantic
Estuarine Area, 18 are also being taken by foreign
fleets on or over the continental shelf. The other 29
domestic species either do not enter the high seas
beyond the 12-mile zone of national fishery jurisdic-
tion or do so in such small numbers or for so short
a time that incidental catches by foreign fishermen
would not be a serious problem. The only exceptions
are menhaden, which sometimes are found beyond
12 miles in substantial numbers, especially off Vir-
ginia and North Carolina in winter, and surf clam,
which is widely distributed on the continental shelf
in the area. It does not seem likely that specialized
foreign fisheries for these species will develop. The
surf clam has been declared a creature of the conti-
nental shelf under the provisions of the 1958 Geneva
Convention, which thus reserves this resource to the
United States.

Table 5 shows reported landings of the 18 species
or groups of species fished jointly by domestic and
foreign fleets in the area. The foreign catches are
probably higher than they should be for direct com-
parison, because they include Georges Bank. Virtu-
ally none of the domestic landings listed comes from
Georges Bank. .

Some of the species migrate between waters over
Georges Bank and the Middle Atlantic Estuarine
Area (e.g. Atlantic herring and mackerel), others,
such as winter flounder, probably do not. The ale-
wife resources of Chesapeake Bay definitely have
been affected by the foreign fisheries; as the decline
in domestie landings illustrates. Foreign catches of
scup have been relatively small, but even these small
catches are of concern because the seup resource has
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Table 5.—Domestic (upper fow) and foreign (lower row—ICNAF subareas 5z and 6) comrﬁerclal catches of major specles taken by both groups In Middle Atlantic

Estuarine Area 1966-73. Weights in millions of pounds. * = 50,000 pounds or less. — = no catch reported
Species 1966 1967 1968 1969 1970 1971 : 1972 1973
Alewife_ oo crce o] 34.4 30.7 36.5 33.9 21.1 13.1 12.1 11.3
—_ 14.3 49.1 79.8 43,6 47.8 27.5 14,0
R T S 25.9 18.6 13.9 10.3 8.5 8.1 8.7 10.2
2.0 1.8 5.1 1.1 0.4 2.2 3.7 3.9
Summer flounder-_..oeooccee.- 9.8 8.1 . .. 6.3 3.9 5.7 5.2 6.3 9.3
X — — —_ * 1.5 0.9 *
Yellowtail flounder_ ... ._..._.. 4 9.5 11,4 12.3 13.5 15.4 20.8 28.0 25.1
0.2 0.2 _0.2 42,1 6.8 4.6 12,1 1.4
Silver hake_ ..o aaaed 9.2 11.0 9.7 9.0 8.1 8.3 10.9 11.5
472.4 195.4 132.0 166.4 72.8 162.0 233.0 254.7
Winter flounder- ..o —encanoe -] 8.2 9.0 7.6 7.7 8.2 8.2 6.6 6.6
0.2 0.2 0.2 15.0 1.1 3.7 5.5 3.4
Atlantic herring. . ccceeaeveo] 7.4 1.7 0.8 0,1 * 2.5 0.7 0.4
305.1 479.5 822,1 674.4 540.8 §70.3 371.8 435.9
BUtterfish.. .« oo 5.4 4.9 3.4 8.7 3.8 3.4 1.5 3.2
8.6 5.1 11.9 33.0 19.8 13.9 12.3 39.3
American lobster_...._...___. 4.9 4.8 6.5 8.2 9.5 9.3 7.2 5.6
- - - — 0.2 0.4 0.5
Black sea bass__-:' ............. 3.2 2.5 2.4 I}! 4 2.1 1.2 1.6 2.4
Squids. ) 2.6 2.9 3.0 2.7 1.8 1.7 2.2 3.0
: B * 3.7 15.6 33.0 4.7 104.5 121.4
Attaritic mackerel- - ... ] 2.4 21 2.9 17 2.6 1.8 2.9 2.8
: 15.0 41.9 123,7 239.8 450.6 517.5 843.0 836.3
Red hake. 1.5 1.4 1.1 1.2 1.6 1.3 1.6 1.9
) 239.4 117.5 29.3 108.5 16.1 59.3 162.4 137.7
Atlantic cod- - o emmrnenmneinn ] 1.2 2.2 2.9 3.4 3.8 3.1 2.7 3.4
. 90.8 52.0 615 46.7 23.8 26.0 25.8 28.0
-Sea robins. e oee ] 0.8 0.6 - 0.5 0.1 * * * *
: 3.1 L1 19.8 4.2 * 1.8 8.1 6.2
Tilefisf- - - meccenemmnmened] 0 | o 0.1 0.1 0.1 0.1 0.3 0.8
. — — — po— — —i— * —
Sharks » 0.9 0.5 0.4 0.2 D.1 0.1 0.1 0.1
- 19.4 i ‘5.3 8.8 19.2 12.3 24,2 46.3 33.8
Blefin tuna. . o oo ] 0.5 3.2 0.2 0.1 3.1 2.0 2.2 L3
: — —_— —_ —. 1.1 0.4 0.2

decreased sharply in abundance since the 1950s.
Summer flounder catches by foreign fishermen also
have been small, but foreign catches may be larger
than reported because some summer flounder may
have been included in unclassified catches. Relatively
large foreign catches of yellowtail flounder have led
to quota limits on this species by ICNAF, but the
effects on the fisheries of the Middle Atlantic Estu-
arine Area are not evident in the record of domestic
landings. Yellowtail flounder in the area probably
belong to a distinet stock, and eatches on Georges
Bank probably would not affect this stock. Although
landings of yellowtail flounder in the area from 1969

)

to 1973 do not reflect it, this flounder has been
seriously reduced in abundance.

 Catches of silver hake by foreign fleets in the area
have been very large. This fishery also is regulated
by ICNAF quotas. Domestic landings show no ap-
parent effects from foreign fishing, but the catch of
silver hake is determined more by demand than by
abundance of the resource, and thus commercial
catches will not reflect variations in abundance.
Since foreign fishing began in the area, catches of
winter flounder have been relatively small, although
pulse fishing produced a large foreign catch in 1969
and a fairly large catch in 1972. The decline in
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_domestic catches of winter flounder may have been

a consequence of foreign fishing, but the demon-
strated existence of local stocks and wide natural
variations in abundance make such a conclusion
questionable. The domestie fishery for Atlantic her-
ring in the area is negligible because there is little
.demand for adults of the species. The large foreign
catches are apparently of little importance to the
~domestic fisheries, although it is not eertain that
the Maine sardine fishery will be unaffected. It would
be interesting to know whether this large catch of
an abundant species has had any indirect effects on
~other living resources of importance to the domestic
fisheries. It appears that the domestic fisheries have
been harvesting only a small fraction of the butter-
fish resource, but with the development of large
foreign. ﬁsherles the resource now is believed to be
fully utilized.

. Reported forelgn eatches of northern lobster have
been relatively small, but it has been suspected that
incidental, unreported catches are larger. Lobster
supports:an important traditional American fishery,

_and any foreign catch is a matter of concern. Recent
declaration of lobster as a creature of the contlnental
shelf by the United States may correct the situation,
if other nations are willing to accept the ra’_oher
strained definition as it applies to this species.

-No foreign catches of black sea bass have been
reported, except in 1964, when about 1, 500 metric
tons were listed, but sea bass migrate to the outer
continental shelf in winter and incidental catches
are suspected. Demand for sqmd is very limited in
the United States, and this.species has been much
underexploited by the domestic fisheries, but squid
are important in the diet of many resources of major
.interest to domestic fishermen. The large recent
foreign fishery is of relatively minor concern to the
domestic fisheries at present. At least 50 -percent,
and perhaps a greater proportion of the catch of the
foreign squid fleet is butterfish. .. .

Atlantic mackerel, like Atlantic hernng and squlds
is not in great demand in the United States. It has
been a part of domestic strategy in negotiating with

-other nations that fish off this area to encourage
_ them to concentrate on such abundant species of
minor value to Americans. This strategy probably
is less palatable to American recreational than com-

mercial fishermen. .

The domestic harvest of red. hake proba,bly is
much underestimated by official catch statistics.
This is the major species. in the industrial trawl
fisheries of Nantucket Shoals, & catch which is not
reported by species. Red hake also supports a minor
sport fishery. Most of the foreign catch of Atlantic
cod comes from Georges Bank and north. In total

catch domestic landings in the area have shown no
obvipus effects of foreign fishing. Sea robins are not

of great importance to the domestic commercial

fisheries of the area, but are apparently much more
important in-the sport fisheries. Only small catches

of tilefish have been reported by foreign fleets, but

the species occupies a very specialized habltat at
the edge of the continental shelf, and incidental

foreign catches are suspeeted The domestic com-
.mercial fishery for sharks is small, but sharks are of

interest to sport fishermen. The effects of the rela-

Atlvely large foreign catch on the sport fisheries are

not known; the relatively large recent ﬁsheries; for
bluefin tuna in the North Atlantic Ocean have
brought: that resource to a dangerously low level.

" Vigorous attempts now are being made to limit

catches stnngently

In summary, it is clear that foreign ﬁshmg in the
area has had measurable adverse effects on some
fishery resources of interest to domestic commereial

_and recreational fishermen, and that foreign catches
,of some others are a matter of concern. In addition,

as long as foreign fishing continues in the area,
incidental catches of some resources will reduce to
some extent the probability of measuring the effects
of other variables on the abundance and condition
of estuarine stocks. On the other hand, it must be

noted that a number of important ﬁshery resources

of the area are not subject to foreign fishing, and
that stocks of some of these, like soft clam and
northern puffer, have declined in the last five years
much . more sharply than some which are taken

. by foreign fleets. This.is not to say that foreign

ﬁshing is not having its effects, but it does empha-

- size the comple)atles of the situation and the need
to pay more .serious attention to domestic fishery

management. .

- Sacial-political Issues - :

In the United States, the individual states, and
sometimes counties or even towns, have broad juris-
diction over fisheries in adjacent waters. Local gov-
ernments make the laws and regulations and are
responsible for surveillance and enforcement. Federal
jurisdietion over fisheries is restricted to inter-
national waters or to interstate commerce in fishery
products. In the Middle Atlantic Estuarine Area
the federal government takes the lead in ICNAF
affairs and bilateral negotiations as they relate to
the fisheries of the area, but this places many migra-
tory. resources under double jurisdietion, because
important species like scup, summer flounder, sea
bass, and others move seasonally between territorial

..and 1nternat10na1 waters.
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International fishery management in the dres has
been criticized as inadequate or ineffective, but in
reality this is too extreme a view. For one thing, it
ignores what should be obvious, that domestic fishery
management, which among other things includes
pollution control, has failed almost completely. In-

“ternational agreement is difficult to achieve, and

arrangements under ICNAF and the various bi-
lateral agreements that apply to the area have not
been perfect. However, it cannot be denied that the
fisheries would have been in much worse condition
today if the federal government had not entered
into negotiations with other nations fishing off this
section of the coast. The results of these arrange-
ments have shown that the interests of the United
States fisheries have been served best whien we can
present reasonable seientific evidence that a problem
exists. Scientific research has been the basis of most
of our international fishery agreements, but scien-
tific evidence has played a very small role in deter-
mining fishery policy or in developing laws and
regulations for most fisheries of territorial waters.
This most important point has not been clearly
recognized by many. ,

State and.sometimes local governments in the
area support scientific research on fishery resources
and their environment. Some of the information
developed has been used as a basis for regulating
domestic fisheries, but usually fishery laws and regu-
lations have been based on opinion rather than fact,
and are much more likely to be concerned with who
makes the catch than how the catch should be
limited. In other words, domestic fishery manage-
ment in estuarine waters is rouch more likely to be
based on struggles between vested interests than
on scientific objectivity. This contrast between inter-
national and domestic management strategies does
much to explain why international arrangements,
difficult as they are, have been much more success-
ful than domestie.

Many state and local fishery laws and regulations
tend to perpetuate inefficiency and prohibit or re-
strict efficient harvesting methods. This adds to
the cost of catching fish, which is already relatively
high because vessel construction, fishing gear, repair
and maintenance, insurance, and other costs are
greater than anywhere else in the world. In addi-
tion, most of the domestic fisheries suffer from
overinvestment of capital and labor, another form
of economic inefficiency. In the absence of scientifi-
cally-based catch quotas, or better still, limitations
on numbers of fishermen and units of gear, there is
no effective management of the resource, This, cou-
pled with wide natural variations in abundance of
individual resources, makes it virtually impossible

to detect the effects of other manmade environmen-
tal changes.

Communication Between Fishery Interests

Commercial fishery interests in the United States
have many protagonists and some antagonists. Com-
mercial fishermen, processors, and distributors have
many organizations, local, state, and national, which
represent their interests in various ways. These in-
clude groups of fishermen, boat owners, unions, and
trade organizations of various kinds. At the political
level, commercial fisheries have surprisingly strong
support, especially in such key fishing areas as the
Pacific Northwest, Alaska, New England, and the
Gulf of Mexico. In fact, some believe that in certain
regions political interest and support at the national
level is far greater than the economic value of the
industry warrants.

On the administrative side the National Marine
Fisheries Service of the Department of Commerce
has the major federal responsibility for fishery re-
search, development, and services to the commercial
fishing industry and to recreational saltwater fishing

‘interests. Other responsibilities reside in the Depart-

ments of State, Interior, Treasury, Agriculture,
Labor and other departments and specialized agen-
cies. Each state has an agency with prime responsi-
bility for marine fishery management and research.
Some coastal states have separate agencies for fin-
fish and shellfish management, and often jurisdiction
over anadromous fisheries is divided between coastal
and inland fish and wildlife agencies. As already
mentioned, resear