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Washington, D.C, March 1967.

To the Congress of the United States:

I am pleased to report on the marine science activities of the Federal

Government.

The resources of the oceans can help us meet many of the challenges

that face our Nation and the world today.

The vast food reserves of the sea must be developed to help end

the tragic cycle of famine and despair.

The continuing pollution and erosion of our seashores, bays,

estuaries, and Great Lakes must be arrested and reversed to safe-

guard the health of our people and to protect the resources of the

sea.

The influence of oceans on the environment must be understood

so that we may improve the long-term forecasting of storms,

weather, and sea conditions; protect life and property in coastal

areas; and improve the prediction of rainfall in the interior.

The wealth of the ocean floor must be freed for the benefit of

all people.

Finally, the seas must be used as pathways to improved inter-

national understanding and cooperation.

The great potential of the seas has not gone unnoticed. During

the past 6 years, we have invested increasingly in the development of

marine scientific and technical manpower, ships, and facilities. The

quality of our research fleet, deep sea vessels, and laboratories is un-

surpassed. The small but growing corps of highly trained specialists

provides a strong creative base for our marine science and technology.

The 89th Congress also responded to the challenge of the oceans by

enacting

—

The Marine Resources and Engineering Development Act which

provides a stronger policy and organization framework and gives

new momentum to our marine science activities;

The Sea Grant College and Program Act, which will improve

our capabilities for training and research in marine sciences and

engineering ; and

The act authorizing pilot plants for the production of fish pro-

tein as a usable source of food.

The new National Council on Marine Resources and Engineering

Development, chaired by the Vice President, has made significant

progress in carrying out its responsibilities for planning and coordi-

nating the Nation's marine science activities. In consultation with the

President's Science Advisory Committee, the National Academy of
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Sciences and other agencies of the Federal Government, the Council

has reviewed our current work and has identified the areas in which

action should be taken.

We must

—

Launch a pilot program to assist the protein-deficient countries

of the world in increasing their capacity for using the fish re-

sources of the seas

;

Implement the Sea Grant College and Program Act to

strengthen oceanogi'aphic engineering, expand applied research,

and improve technical information activities

;

Accelerate studies to improve the collection, storage, retrieval,

and dissemination of oceanogi'aphic data

;

Expand ocean observation systems to improve near-shore

weather prediction services, and study ways to make more accu-

rate long-range predictions of precipitation levels and drought

conditions

;

Study the Chesapeake Bay to determine the effects of estuarine

pollution on shellfish, health, recreation, and beauty, and to pro-

vide a basis for remedial measures

;

Explore offshore solid mineral deposits;

Improve technology and engineering for work at great ocean

depths ; and

Equip a new Coast Guard ship to conduct oceanographic re-

search in sub-Arctic waters.

Details of these programs are set forth in the accompanying report

of the National Council on Marine Resources and Engineering

Development.

I have this year recommended to the Congress a 13-percent in-

crease—from $409 to $462 million—in appropriations to support ma-

rine science activities. These funds will permit us to expand our

efforts to understand the sea and develop its vast resources. They will

enhance the capabilities of local government, universities, and private

industi-y to join in this vital enterprise. They will enable us to support

the important new efforts recommended by the National Council on

Marine Resources and Engineering Development.

I urge the Congress to provide the necessary funds to support these

important efforts.

In January, I appointed 19 distinguished Americans, including four

Members of Congress, to serve as members and advisers of the Com-
mission on Marine Science, Engineering, and Resources. This

Commission will complement the activities of the National Council on

Marine Resources and Engineering Development, by providing im-
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partial insights into the strengths and weaknesses of our marine science

programs.

The Commission will be called upon to identify still more opportuni-

ties for a concerted public and private effort—to develop the resources

of the sea through a creative and cooperative partnership of Govern-

ment, industry, and the academic community.

The depth of the sea is a new environment for man's exploration and

development, just as crossing the West was a challenge in centuries

past.

We shall encounter that environment with the same conviction and

pioneering spirit that propelled ships from the Old to the New World.

We shall bring to the challenge of the ocean depths—as we have

brought to the challenge of outer space—a determination to work

with all nations to develop the seas for the benefit of mankind.

LjuJi^--

—

Lyndon B. Johnson.

The White House.





Dear Mr. President:

I am pleased to forward to you the first report of the National Coun-

cil on Marine Eesources and Engineering Development, entitled "Ma-

rine Science Affairs—A Year of Transition."

This report describes current and proposed Federal programs within

the scope of the Marine Resources and Engineering Development Act,

and presents the rationale and funding requirements of $462 million

for the next fiscal year.

The report also contains the Council's initial findings and recom-

mendations to utilize scientific knowledge of the seas and the Great

Lakes more effectively to meet national goals. These recommenda-

tions were prepared after reviewing proposals from your Science

Advisory Committee, Federal agencies, and others, and after evalu-

ating the content and balance of current efforts. A consensus was

obtained in defining nine areas that immediately deserve special

emphasis in "designating agencies' responsibilities and in strengthen-

ing coordination for programs that increasingly cross agency lines.

In short, this report sets forth a perspective to show how a more

deliberate study and use of our marine environment may make this

country and the world a better place in which to live. It also sets the

stage for new opportunities to approach the major questions of world

order, starvation and urban development, and for looking ahead to

marine science contributions to help resolve problems in the decades

to come.

Sincerely.

The President,

The White House^

Washington, B.C.

iJUuOlU
VICE PRESIDENT
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INTRODUCTION

A New National Policy

For marine sciences, the year 1966 was a significant turning point.

Through the Marine Resources and Engineering Development Act,

the 89th Congress developed, and the President approved, a new na-

tional policy to intensify the study of the sea, and to convert to prac-

tical reality its inherent promise for man's benefit.

This national policy is unprecedented in its breadth. It continues

the quest for scientific knowledge of the marine environment. It also

marks a significant transition toward strengthening ocean engineering

and stimulating new ocean technologies

:

—to contribute to national security;

—to enhance commerce and transportation;

—to rehabilitate domestic fisheries and increase the harvest from

the sea;

—to develop seashore resources and to reduce pollution of the Great

Lakes, bays, estuaries, and nearshore waters;

—to improve forecasting of weather and ocean conditions;

—to supplement continental sources of oil, gas, and minerals

;

—to promote international understanding and cooperation through

the use of the oceans.

The Marine Resources and Engineering Development Act, Public

Law 89-454, calls on the President to develop a comprehensive,

long-range, and coordinated national program in marine science, with

the assistance of a National Council on Marine Resources and Engi-

neering Development, and an advisory Commission on Marine Science,

Engineering, and Resources.

The Council is composed of the Vice President, who serves as

Chairman, five members of the Cabinet and three heads of other

Federal agencies. It has statutoiy responsibility to advise and assist

the President in policy planning and coordination of the marine sci-

ence programs of eleven Federal agencies.

First Council Report

This initial report by the Marine Sciences Council to the President

communicates some new steps taken to meet the needs and opportuni-

ties in the ocean, and thus to accelerate marine sciences toward objec-

tives laid down by law. It outlines the Council's interpretation of
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the policy and purposes of the Act, and defines and describes the

scope of this aggregate of activities whose statutory terms of reference

extend the coverage beyond what previously had been designated the

Federal Gt)vernment's "National Oceanographic Program."

The report discusses nine priority efforts or emphases in marine

sciences recommended by the Council to the President in response to

his request for initial proposals by this January. The resulting deci-

sions are reflected in the President's budget for fiscal year 1968, now
before Congress. To place these priority efforts in the perspective of

ongoing efforts, the report also discusses marine science activities of

the Government as a whole and tabulates funding estimates for all

agencies in considerable detail.

Areas for special attention were chosen after screening proposals

from numerous public and private sources, considering public needs

to which marine science could contribute and the many continuing

efforts that could be effectively mobilized around a smaller number

of explicit goals. The Council thus evaluated current Federal marine

science activities, identified initial priorities, clarified agency respon-

sibilities, and endeavored to strengthen coordination of multiagency

programs.

Categories of Public Need

As the new scope of marine science affairs was studied and defined,

categories were established to reflect more clearly the end purpose of

Federal expenditures in marine science and technology. Accordingly,

the President's estimate of funds required in this area by all Federal

agencies for fiscal year 1968 is delineated in this report by purpose.

Many of the goals and programs were found by the Council to cut

across agency lines. The report discusses actions to designate a lead

agency to take responsibility in developing certain areas and in pro-

viding Government-wide leadership.

The report concludes with a brief commentary on next steps by the

Council through its long-range studies to identify potential benefits

of marine science activities, appropriate goals of the Federal Govern-

ment, and resources needed for their accomplishment; to review

ongoing activities and develop a comprehensive program. These

functions anticipate an independent set of recommendations to be

submitted by the Commission on Marine Science, Engineering, and

Resources to the President, through the Council, and to the Congress,

for an adequate program to meet national needs and a Government

organizational plan.

Limitations

While the Council has selected some programs for special emphasis

in fiscal year 1968, the limitations of time since its creation have not

permitted more than a beginning on its total job. The many con-
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tinuing Federal activities have not been fully surveyed or evaluated.

Not all of the policy issues and relationships between marine activities

and corresponding land activities have been explored. The balance

between various Federal programs and functions has not been fully

analyzed. A comprehensive program is now only in its formative

stage.

This report, however, reflects steps taken by the Marine Sciences

Council following enactment of the Marine Resources and Engineer-

ing Development Act on June 17, 1966.

11
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Chapter I

MARINE SCIENCES AND NATIONAL GOALS

The Oceans and Sociefy

Marine science is a term employed in Public Law 89^54 to des-

ignate scientific research, engineering, and technological develop-

ment related to the marine environment. The marine environment is

considered to include the oceans, the Continental Shelf of the United

States and its territories, the Great Lakes, and their resources.

Marine science affairs cannot be considered in isolation. Research

and development activities in the oceans must be related to similar

activities on land. So, too, must man's exploration and exploitation of

the oceans' resources. Marine science goals, policies, programs, and
activities must therefore be examined in two ways: as they relate to

the unity they derive from the marine environment, and as they con-

tribute to major goals of society and the Nation. It is in this second

context—the relatively unfulfilled promise of the sea to contribute to

human needs—that recent effort became increasingly motivated to deal

with major issues of world peace, starvation, and general welfare;

the requirements and problems of a growing and increasingly urban-

ized population; and the protection of our environment and seashore

resources from unnecessary degradation.

Recognizing the importance of the oceans to society, the Federal

Government began in the late 1950's to increase its rate of investment

to strengthen the Nation's capabilities in marine research and engi-

neering. Concurrently, the business and academic communities and
the States began to extend their interests in offshore activities such as

intensified petroleum and gas exploration, application of aerospace

technology, development of new fisheries, and efforts to preserve

coastal areas. These combined efforts have strengthened the extent

of our understanding of the oceans, the availability and sophistication

of our instrumentation, laboratories, ships, deep submergence vehicles,

and other data-collecting platforms, and our ocean science and engi-

neering manpower base.

Indeed, we have progressed significantly during the 1960's, but the

total marine sciences enterprise—both public and private—is still

small, representing only about three percent of the Nation's total

technical effort.
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This effort is spread over many scientific and engineering disciplines

and many technologies; it involves a wide diversity of institutions.

The participants include twenty-four bureaus in eleven Federal de-

partments and agencies, thirty-three subcommittees of the Congress,

and numerous State, regional, and international organizations. In

the private sector, participants include universities and maritime,

chemical, electronics, aerospace, mineral, oil, fishing, recreational, and

other industries. One of the purposes of the Marine Resources and

Engineering Development Act of 1966 is to foster a coherent sense

of direction and purpose in any expanded program through a creative

and cooperative partnership of Government, business, and the aca-

demic and scientific communities.

National Policies and Objectives

To mobilize the Nation's marine science activities, the Marine Re-

sources and Engineering Development Act of 1966 declares it to be

the policy of the United States "to develop, encourage, and maintain

a coordinated, comprehensive, and long-range national program in

marine science for the benefit of mankind to assist in

:

—protection of health and property,

—enhancement of commerce, transportation, and national security,

—rehabilitation of our commercial fisheries, and

—increased utilization of these and other resources."

This mandate of the Congress and the President further identifies

eight objectives related to these goals. Specifically, the marine science

activities of the United States should "contribute to the following

objectives

:

—The accelerated development of the resources of the marine

environment.

—The expansion of human knowledge of the marine environment.

—The encouragement of private investment enterprise in explora-

tion, technological development, marine commerce, and economic

utilization of the resources of the marine environment.

—The preservation of the role of the United States as a leader in

marine science and resource development.

—The advancement of education and training in marine science.

—The development and improvement of the capabilities, perform-

ance, use, and efficiency of vehicles, equipment, and instruments for

use in exploration, research, surveys, and the recovery of resources,

and the transmission of energy in the marine environment.

—The effective utilization of the scientific and engineering resources

of the Nation, with close cooperation among all interested agencies,

public and private, in order to avoid unnecessary duplication of

effort, facilities, and equipment, or waste.
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—The cooperation by the United States with other nations and

groups of nations and international organizations in marine

science activities when such cooperation is in the national interest."

Congress has singled out international cooperation for particular

emphasis. The seas offer unique opportunities to enhance scientific

exchange and to promote understanding between nations in all

sectors—among the scientists, the imiversities, the Federal

Government, and industry.

In short, the Act calls on the marine science communities to con-

tribute to fulfillment of our national policies. The bountiful

resources of the sea can help solve man's increasing need for food,

water, minerals, and energy. A vigorous and imaginative program of

marine research, development, and exploitation is consequently

anticipated on a significantly larger scale than formerly as an integral

part of the economic, political, and social fiber of our nation and other

Nations.
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Chapter II

MOBILIZING FEDERAL RESOURCES

The Federal Role

In view of the diversity of broad economic, social, and political

goals that can be served by the sea, and the traditional role of the

Federal Government in promoting our national interest, the 1966 Act
anticipates that the Government will continue its past interest in

marine sciences. Federal leadership is necessary, for example, to

insure that marine science activities:

—sustain a naval science and technology to meet national security

needs

;

—support foreign policy objectives by fostering international agree-

ments, understanding and cooperation, and by supporting tech-

nical assistance to developing nations on the principle of self-help

;

—enhance capabilities for describing and predicting the state of the

oceans and the weather and provide services to marine interests

;

—explore and foster exploitation of fish, minerals, and energy re-

sources by mapping, by appropriate development of technological

capabilities, by formulation of means for public and private col-

laboration, and by encouragement of private investment

;

—aid abatement and prevention of pollution and assist in the con-

servation and improved utilization of recreational, esthetic, and

economic resources of our sea coast and Great Lakes;

—protect life and property at sea, and along the coast;

—nourish basic knowledge and develop scientific facilities and

manpower.

At the same time, the Government recognizes that the vitality of

our industrial organizations and the creativity of our scientists have

been major factors in our progress toward better understanding and

use of the seas. Indeed, the bulk of Federal funds devoted to marine

efforts has been expended through grants and contracts with private

industrial and academic organizations. The States have also become

increasingly involved in studying and preserving our coasts and in

insuring rational exploitation of coastal resources.

With the broadening and deepening interest in marine activities

—

national and international—the articulation of key Federal policies

17



and programs should aid all interested parties to develop their inde-

pendent activities and relationships against a backdrop of national

purposes and directions.

Federal Activities

Previous legislation has provided for marine science functions and

services to be undertaken in eleven Federal agencies, related to the core

mission of each. This distribution by agency, shown in Table I, indi-

cates both the breadth and the complexity of involvement. This

pattern also highlights the importance of coordination in Federal

programs.

Appendices to this report contain program and funding details of

the individual agencies. The chapters dealing with new areas for

emphasis, however, treat activities on a Government-wide basis so as to

show^ both individual and collective efforts to serve a common set of

national goals.

Coordinating Federal Programs

To meet the need for a coordinated Federal effort, the Interagency

Committee on Oceanography (ICO) of the Federal Council on Sci-

ence and Technology has, since 1959, brought together programs of

Government agencies into the framework of a National Oceanographic

Program. The ICO published annual summaries of agency activities

and other oceanographic reports.^ Specialized panels developed inter-

national programs, an interagency buoy program, and information as

to instrumentation and equipment, manpower, engineering, surveys,

research, and ships.

During the past several years, a sense of urgency has been felt in the

Congress and the Executive Branch to strengthen this multiagency

Federal effort, to intensify momentum and improve overall effective-

ness. This has come about through the recognition of the undersea

threat to our national security ; the emerging significance of science and

technology as instruments of world affairs ; and increased international

interest in the exploitation of marine resources. Our lack of knowl-

edge of the sea—together with the development of new tools for ex-

ploring its secrets—has further underscored this urgency.

During the past five years, a number of new laws have been enacted

in the marine sciences area. As shown in Table II, these new laws

strengthen existing statutory authority in the present family of Fed-

eral agencies, without establishing any new operating entities. How-
ever, the 1966 Marine Science Act goes beyond this: in the past eight

1 These include : "National Oceanographic Program for Fiscal Year 1967" ; "Ship Oper-

ating Schedules for FY 1967" ; "University Curricula in Oceanography—Academic Year
1965-66"

; "Aquatic Sciences in the Great Lakes Area" ; "Oceanic Research in Foreign

Waters" ; and "Scientific and Technical Personnel in Oceanography."
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years, it has become clear that existing oceanographic activities should

be unified at the Presidential level ; the Marine Sciences Act establishes

this unity.

Table II.

—

Selected recent Federal legislation related to marine sciences

Public Laic 86-^09 (April 15, 1961)—^removed geographical limitations on oper-

ations of the Coast and Greodetic Survey.

Public Laic 87-396 (October 5, 1961)—expanded the functions of the Coast Guard

to include oceanographic research.

Public Laic 87-626 (September 5, 1962)—extends the authority of the Secretary

of the Interior to activities of the Geological Survey beyond the national

domain.

Public Law 88-309 (May 20, 1964)—fostered research and development to promote

commercial fisheries through a program of Federal-State cooperative research.

Public Law 88-606 (September 19, 1964)—established Public Land Law Review

Commission, whose scope included mineral resources of outer Continental Shelf.

Public Law 89-99 (July 30, 1965)—exempted oceanographic research vessels from

application of certain inspection laws.

Public Law 89-298 (October 27, 1965)—Rivers and Harbors Act provided for

study of water utilization and control of Chesapeake Bay and construction of

a large scale model for this purpose.

Public Law 89-45/f (June 17, 1966)—Marine Resources and Engineering Develop-

ment Act of 1966 established a national policy to advance marine sciences and

created a cabinet level council and advisory commission.

Public Law 89-658 (October 14, 1966)—established a contiguous fishing zone

beyond the territorial sea of the United States.

Public Law 89-688 (October 15, 1966)—National Sea Grant College and Progr"&ms

Act of 1966 authorized grants to institutions to operate programs of applied

research, training and education, and information dissemination.

Public Law 89-701 (November 2, 1966)—authorized practicable and economic

means for the production of fish-protein concentrate.

Public Law 89-753 (November 3, 1966)—Clean Water Restoration Act of 1966

provided for Federal assistance to and cooperation with groups developing

water quality control and pollution abatement programs.

Marine Sciences Council and Advisory Commission

To implement the Marine Sciences Act, a National Council on Ma-
rine Resources and Engineering Development was created as a new
policy planning and coordinating arm of the President. The Vice

President was designated to serve as Chairman of the Marine Sciences

Council, and the following officials to serv^e as members:

Secretary of State.

Secretary of the Navy.

Secretary of the Interior.

Secretary of Commerce.

Chairman of the Atomic Energy Commission.

Director of the National Science Foundation.

Secretary of Health, Education, and "Welfare.

Secretary of Transportation.-

2 With the transfer of the Coast Guard to the Department of Transportation, the Secre-

tary of Transportation replaces the Secretary of the Treasury. PL S9-670.

21



To insure that broad Government interests are represented on the

Council, the following observers were subsequently appointed by the

Chairman

:

Administrator of the National Aeronautics and Space Adminis-

tration.

Secretary of the Smithsonian Institution.

Administrator of the Agency for International Development.

Director of the Bureau of the Budget.

Chairman of the Council of Economic Advisers.

Director of the Office of Science and Technology.

The principal responsibility of the Marine Sciences Council is to

assist the President in planning and reviewing Federal marine science

activities. The President, with the advice and assistance of the

Council, was specifically directed "to

:

—survey all significant marine science activities

;

—develop a comprehensive program of marine science activi-

ties * * * to be conducted by departments and agencies * * *

independently or in cooperation with such non-Federal organiza-

tions as States, institutions and industry

;

—designate and fix responsibility for the conduct of the foregoing

marine science activities by departments and agencies * * *

;

—insure cooperation and resolve diflferences arising among depart-

ments and agencies * * *;

—undertake a comprehensive study * * * of the legal problems

arising out of the management, use, development, recovery, and

control of the resources of the marine environment;

—establish long-range studies of the potential benefits to the U.S.

economy, security, health, and welfare to be gained from marine

resources, engineering, and science, and the costs involved in ob-

taining such benefits ; and

—review annually all marine science activities conducted by depart-

ments and agencies * * *."

The President has also requested the Council to prepare for him a

report, required by law to be submitted to the Congress annually,

that describes and evaluates Federal activities and accomplishments

in marine science, sets forth recommendations for legislation, and

contains an estimate of funding requirements of each Federal agency

for marine science activities during the succeeding year.

To complement the role of the Comicil, the Act provides for an

independent advisory Commission on Marine Science, Engineermg,

and Resources. The Commission is made up of fifteen members from

Federal and State Governments, industry, laboratories, and other

marine science institutions. Four members of Congress serve as ad-

visers to the Commission. All members and advisers are appointed by

the President.
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Specifically, the Commission is charged to

:

—"Review the known and contemplated needs for natural resources

from the marine environment to maintain our expanding national

economy.

—Review the surveys, applied research programs, and ocean engi-

neering projects required to obtain the needed resources from
the marine environment.

—Review the existing national research programs to insure realistic

and adequate support for basic oceanographic research that will

enhance human welfare and scientific knowledge.

—Review the existing oceanographic and ocean engineering pro-

grams, including education and technical training, to determine

which programs are required to advance our national oceano-

graphic competence, and stature, and which are not adequately

supported.

—Analyze the findings of the above reviews, including the economic
factors involved, and recommend an adequate national marine
science program that will meet the present and future national

needs without unnecessary duplication of effort.

—Recommend a Governmental organization plan with estimated

cost.''

The Commission was appointed January 9, 1967.^ It shall submit

to the President, via the Council, and to the Congress a report of its

findings and recommendations not later than eighteen months after

its establishment.

T^^lile the Act provides a framework of policy guidance of unlimited

duration, the Marine Sciences Council is an interim body pending rec-

ommendations as to the best organizational structure required to im-

plement the Act. Its statutory authority expires 120 days after the

Commission renders its report.

Council Activities

Soon after the President signed Public Law 89-454 into law, he

requested the Vice President to activate the Marine Sciences Council.

The fii-st meeting was held August 17, 1966, and four other sessions

»Dr. Julius Adams Stratton, Ford Foundation (chairman); Prof. Richard A. Gej'er,
Texas A. & M. University (vice chairman) ; Dr. David Adams, Department of Commercial
and Sport Fisheries, State of North Carolina ; Dr. Carl Auerbach, University of Minnesota

;

Mr. Jacob Blaustein. Standard Oil Company ; Prof. James Crutchfield, University of Wash-
ington

; Mr. Leon Jaworski. attorney ; Dr. John A. Knauss, University of Rhode Island ;

Mr. John H. Perry, Perry Publications : Mr. Taylor A. Pryor. Sea Life, Inc. : Mr. George
Reedy. Struthers Research and Development Corp. ; Dr. George H. Sullivan, Northrop Space
Corporation

; the Honorable Robert H. B. Baldwin, Under Secretary of Navy ; the Honor-
able Frank C. Di Luzio, Assistant Secretary of Interior for Water Pollution Control ; the
Honorable Robert M. White, Environmental Science Services Administration ; the Honor-
able Norris Cotton. U.S. Senator; the Honorable Alton Lennon, U.S. Representative; the
Honorable Warren G. Magnuson, U.S. Senator: the Honorable Charles A. Mosher, U.S.
Representative.
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have since been convened. An Executive Secretary was appointed by

the President and sworn in at the first Council meeting. A full time

professional staff, provided for in the legislation, is being assembled.

The staff is composed of specialists in ocean sciences, engineering,

national security affairs, economics, foreign affairs, and public adminis-

tration. It maintains working relations with the Congress, key offi-

cials of the Executive Office of the President, Federal and State agen-

cies, industry, the academic community, and professional societies to

insure that considerations affecting all marine science interests are

brought to the attention of the Council.

The Marine Sciences Council is not an operating agency. Its pur-

pose is to assist the President in identifying Government-wide goals, in

developing alternative strategies for their achievement, in identifying

issues, and in reaching an informed decision. Helping the operating

agencies to do their jobs is a prime objective of the Council, but the

agencies must rely on their own budgetary resources to carry out pro-

grams called for in their organic legislation. When missions are the

statutory responsibility of more than one agency, the Council may

serve the Government-wide interest by recommending one agency as-

sume responsibility for planning, guiding, and coordinating a multi-

agency program. Each participating agency, however, retains man-

agement and budgetary responsibility for its element of the program.

The Interagency Committee on Oceanography has been supporting

the activities of the Council as an essential mechanism for compiling

and disseminating information about the many detailed aspects of the

various agency programs. ICO panels are being realigned and new

Council panels established to reflect the enlarged program and to be

of more assistance to the designated lead agencies and the Council.

The National Academy of Sciences' Committee on Oceanography

continues to serve as a source of scientific advice on oceanographic

matters. For ten years, the committee has helped chart the course of

Federal marine science activities, and it issued a landmark report in

1959 and is preparing another. The National Academy of Engineer-

ing's Committee on Ocean Engineering, as well as other offices of the

two academies, together with numerous professional and industrial

societies, also provide marine sciences advice to Government agencies

and the Council.
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Chapter III

NEW INITIATIVES AND AREAS OF INCREASED EMPHASIS

Defining and Classifying Marine Science and Technology Programs

The Marine Resources and Engineering Development Act requires

budget estimates for the succeeding fiscal year from each Federal

department and agency that conducts programs in marine science

and technology. To collect such data and to improve its utility, it

was necessary to define the overall scope and classify constituent pro-

grams. Since 1959, the Federal budget has identified the Govern-

ment's "National Oceanographic Program" by agency and by such

functions as oceanographic research, surveys, facilities, manpower,

and closely related engineering development.

As a consequence of the broadened scope of marine science and

technology defined by the Marine Sciences Act, other resources and

engineering programs must now be considered, in addition to the

original oceanographic component. Additions include certain classi-

fied naval programs; ship and vehicle research; additional techno-

logical developments related to such subjects as fish, marine minerals,

and energy resources; and seashore land use and recreation.

Federal agencies have now identified programs within the scope of

marine science, engineering, technology, or resources development

as follows

:

Table III.

—

Program plan of Federal agencies for marine sciences and technology

[In millions of dollars]

Agency 1066
actual

1967
estimate

1068
estimate

Department of Defense

Department of the Interior.-

National Science Foundation

Department of Commerce.
Department of Transportation

Atomic Energy Commission
Department of State

Department of Health, Education, and Welfare.

Agency for International Development
Smithsonian Institution

National Aeronautics and Space Administration

Total...

174.9

56.5

' 47.7

25.0

8.1

8.3

5.0

5.4

.1

1.5

.9

235.8

71.2

29.0

32.5

10.8

13.7

5.1

7.0

2.0

1.6

.4

258.7

72.3

40.1

36.0

24.6

15.8

5.4

4.8

2.0

1.8

333.4 409.1 462.3

Includes Project Mohole which was discontinued in fiscal year 1967.
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A more detailed explanation of these estimates is given in Part Two,

Tables A-1, 2, and 3, where they have been classified by purpose and

function.

These activities have been summarized by the participating agen-

cies in terms of recognized national economic, political, or social pur-

poses as follows

:

Table IV.

—

Federal marine science programs by major purpose

Fiscal year 1968
program estimate

(in millions)

National security $191. 6

Fisheries development and sea food technology 49. 2

Transportation 27. 8

Recreation 13 .6

Pollution abatement and control 9. 5

International cooperation and collaboration 7. 4

Minerals, chemicals, water, and energy resources 5. 8

Health 4. 2

Shore and harbor stabilization and protection 1. 7

Multipurpose activities

:

Oceanographic research 73. 2

Mapping, charting, and geodesy 39.

1

Ocean environmental observation and prediction services 21.

1

General purpose engineering 10. 5

Education 5. 5

Data centers 2.

1

Total 462.

3

For purposes of comparison of new and old definitions of scope, the

"National Oceanographic Program" component is estimated at ap-

proximately $208 and $229 million for fiscal years 1966 and 1967 re-

spectively, and proposals for fiscal year 1968 amount to approximately

$278 million. Details are set forth in Table V.

The distribution of Federal marine science and technology*

funding in terms of the percentage planned in fiscal year 1968 for

each major purpose is shown in Figure 1.

This distribution of funding is also represented by the functional

relationships shown in Figure 2. The total activity may be considered

in three stages. The first two stages constitute a general purpose

base of academic research, manpower training and education, general

purpose ships, environmental data acquisition, facilities, and instru-

ments which provide a reservoir of information and techniques.

The third stage, which is functionally dependent on the first two,

includes applied research, mission-oriented development, and other

marine technology programs to provide for public needs such as na-

tional defense and resource exploitation. In this third stage, each

activity directed to a specific goal is represented by a separate bar in

Figure 2.
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Table V.

—

The "National Oceanographic Program," a component of Federal

Marine Sciences and Technology

[Program Plan estimated in millions of dollars]

Fiscal year
1966

Fiscal year
1967

Fiscal year
1968

BY AGENCT
Defense - -

Commerce
Interior.- —
National Science Foundation

Atomic Energy Commission

Health, Education, and Welfare

Transportation _

Smithsonian Institution

State.-

National Aeronautics and Space Administration

Total....

BT FtJNCTION

Research

Surveys

Engineering

Instrumentation

Ship construction

Services

Facilities

Total-.- -.-.

98.0

19.5

23.4

47.7

8.3

3.1

5.2

1.5

.5

.4

123.0

20.7

27.3

29.0

13.7

5.8

6.0

1.6

.5

137.9

27.7

28.6

40.1

15.8

4.0

20.1

1.8

.7

207.6



SHORE
PROTECTION

FISHERIES

TRANSPORTATION

RECREATION

TECHNOLOGY &
SERVICES

HEALTH

POLLUTION

INTERNATIONAL
COLLABORATION

BASIC &
GENERAL RESEARCH

less than 1%

FiQUBE l.—The Marine Science and Technology Dollar.

amphibious warfare. The contribution of marine sciences to defense

of the Nation continues to be substantial. Over fifty percent of all

Federal funding for marine sciences is budgeted by the Department of

Defense. In the past, such Defense expenditures have provided a

significant part of the technological base now available for both civi-

lian and military purposes.

In fiscal year 1968, civilian activities will increase more rapidly than

defense activities, reflecting the increasing emphasis on utilizing ma-

rine sciences to meet industrial, economic, and social goals. This

civilian growth will not be at the expense of military effort, however,

because each activity will continue to be judged on its own merits and

military growth will continue in response to defense requirements.

Marine science is now in an early stage of transition from a primary

concentration on research to a more comprehensive and productive

ocean technology. The program in fiscal year 1968 indicates, as shown

in the following breakdown by function, that the Government will con-

tinue to nourish a base of oceanographic research, essential for fur-

ther new applications, increased performance, and cost reductions.
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PUBLIC NEEDS

t

INDUSTRIAL AND OTHER ACTIVITIES

RELATED TO THE OCEANS

t

STAGE THREE:

FEDERAL PROGRAMS OF MARINE

SCIENCE AND TECHNOLOGY TO

PROVIDE FOR PUBLIC NEEDS

Fisheries

Pollution Abatement

Mineral Resources

Shore Protecttion

STAGE TWO:

GENERAL PURPOSE
TECHNOLOGY AND SERVICES'

STAGE ONE:

GENERAL PURPOSE
RESEARCH"^

National Defense

Tronsportation

Recreation

International

Collaboration

Health

Environnr^ental Prediction

Mapping and Charting

General Purpose Engineering

Data Centers

Specialized Education

Geology Biology Physics Mathematics

Chemistry Materials Environmental Sciences

•tr Beneficial to and supporting more than one of the

major categories of public need

FiGUEE 2.

—

Functional Relationships of Marine Science nnd Technology.

(This current tabulation includes only Federal funds. Not in-

cluded are expenditures for marine science and technology by the

States, academic institutions, and industry.)

(Program plan in millions of dollars)

Function



Statistics on State and private funding are now being collected by

the Council because encouragement of non-Federal investment is a

matter of special concern in order that all activities be mutually

reinforcing. When economic incentives are promising, American
private enterprise takes the initiative. When profits are too long

deferred or risks too high (relative to alternative possible ventures),

private investment is inhibited. With better understanding of the

total Federal/non-Federal enterprise, appropriate Federal steps can

be developed for sound private investment in exploration, techno-

logical development, marine commerce, and economic utilization of

marine resources.

A similar objective appears with regard to the States. Local and

regional interests and problems—related especially to development of

seashore resources—are so varied that local initiatives should be en-

couraged to study problems, to develop solutions, and to make thought-

ful use of local resources. Here also, the Federal Government may
take the lead to foster a creative partnership with the several States

in marine science affairs.

Council Analysis of Federal Programs

At the July 13, 1966, commissioning of the ESSA ship Oceano-

grapher^ the President requested his Marine Sciences Council to re-

view the report, "Effective Use of the Sea," which had just been

released by his Science Advisory Committee, and to develop initial

recommendations by the following January. Accordingly, the Coun-
cil analyzed ongoing efforts to identify gaps or lack of balance. It

then concentrated on selecting priority areas, developing action pro-

grams, designating agency responsibilities, and formulating means for

interagency collaboration in conformity with statutory marine science

objectives and policy.

Prompt action was desirable because budget planning for fiscal year

1968 was well underway. Unless analyses were completed in time to

identify program changes for the 1968 budget cycle, the direct impact

of Council actions on programs requiring financial support would
almost surely have been delayed a full year.

In addition to analyzing the more than 100 recommendations in-

cluded in the report of the President's Science Advisory Committee,

the Council staff carefully considered suggestions of the Interagency

Committee on Oceanography and the National Academy of Sciences'

Committee on Oceanography, as well as recommendations submitted

by individual Government agencies related to new possibilities in the

marine sciences programs. The Council then selected nine programs
for priority attention and made recommendations to the President

accordingly. Eight of the programs require additional fiscal year

1968 financing in the amount of $40.5 million. In addition, the Coun-
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cil lent support to a ninth new initiative toward international coop-

eration which at this time requires no additional funding.

These priority programs have the following common characteristics

:

—The objectives contribute to broad national goals such as pollu-

tion abatement and the war on hunger.

—The priorities present a consensus of the senior Government offi-

cials responsible for marine science affairs, most of whom report

directly to the President.

—With identification of major goals, small investments will pro-

duce multiplier effects by deploying existing capabilities more
effectively.

—Means for implementation are immediately available and the

benefits clear.

—A lead agency is designated whenever possible. Dei^elopment of

project details and funding is made the responsibility of the

agency having jurisdiction.

—The Council assumes responsibility to assure effective implemen-

tation, and to assist in budget defense.

The Council recommendations for nine priority projects were pre-

sented to and approved by the President. Their components are

included in the fiscal year 1968 agency budgets submitted to Congress

January 24, 1967.

New Initiatives and Areas of Increased Emphasis

Of the $53 million increase in funding recommended for fiscal year

1968, approximately $41 million (Table VI) represents program areas

selected by the Council for priority or increased emphasis. These

are discussed later in greater detail. The remaining $12 million consti-

tutes necessary growth in other vital programs, proposed by agencies

to meet their commitments and justified in the normal course of pro-

gram and budget review.

The nine priority programs include five actions that are essentially

new—even though built on a foundation of past accomplishment or

existing capability—and four which are selected from continuing

activities that deserve sharpened emphasis, reorientation of goals, or

consolidation of multiagency efforts into a more unified approach.

1. International Cooperation.—Additional efforts are now being

devoted to examining the marine sciences activities of other nations,

identifying and seeking opportunities for international cooperation,

and fostering an international outlook for promoting the peaceful

uses of the oceans.

The resources gap between rich and poor nations draws attention

to the oceans as an arena for increased cooperation in economic devel-
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Table VI.

—

New initiatives and areas of increased emphasis

Financing agency
Fiscal year

1968
(millions)

Food from the sea.

Sea grant programs...

Comprehensive estuary study

Ocean-related environmental prediction

Assessment of Continental Shelf minerals

Data systems study

Deep-ocean recovery and submergence systems, and deep-

ocean technology.

Ship for research near polar regions

Apency for International

Development
Bureau of Commercial

Fisheries.. -

National Science Foundation.

Army (Corps of Engineers)

.

Commerce
Interior

Several agencies

Navy

United States Coast Guard.

$1.8

2.1

4

.4

2.6

.6

.7

'16.4

12.0

Total- 40.6

1 Includes $5.5 for deep-ocean technology and $10.9 for increased efforts in deep submergence systems.

opment. The traditional "freedom of the seas," multinational scien-

tific expeditions, and other programs of international organizations

all attest to existing cooperation between seagoing nations. The De-

partment of State, working with Council staff and other offices of the

Executive Office and with many agencies, is examining the opportuni-

ties the oceans offer for increased international cooperation in the

Nation's interest.

2. Food From the Sea.—The food-from-the-sea program offers a

new opportunity for the United States to provide world leadership

through a long-range program to exploit the oceans as a relatively un-

tapped source of protein for the undernourished. First steps involve

overseas demonstration projects utilizing fish protein concentrate. The
Agency for International Development has been designated the lead

agency; the Bureau of Commercial Fisheries will develop the neces-

sary technology. Other Federal agencies will assist, especially those

whose ships can collect data of value in locating fish stocks. The an-

nual cost of the program during fiscal years 1967 and 1968 will be

about $4 million.

3. Sea Grant Programs.—The recent Sea Grant College and Pro-

grams Act, Public Law 89-688, aimed at education, training, applied

research, and information transfer, will be implemented immediately.

More college graduates and technicians are needed to apply marine

science to practical uses, including a stronger orientation to ocean engi-

neering and multidisciplinary approaches to marine science affairs,

and to providing a point where Federal, State, academic, and indus-

trial interests may focus on local problems.

The National Science Foundation, with policy guidance from the

Council, will administer the program. The initial cost of the program
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is estimated to be $1 million in fiscal year 1967 ; $4 million is proposed

in fiscal year 1968.

4. Data Systems Study.—Collection, storage, and dissemination of

vast quantities of oceanographic data require improvement. A major

study will be undertaken of data requirements and modern data-

handling systems.

The Council staff, working with the many Federal agencies and non-

Federal producers and consumers of marine data, will guide the study.

It will be started in fiscal year 1967 with Council funding of $75,000,

then completed in fiscal year 1968 at a cost of $625,000 provided by the

participating agencies.

5. Estuary Study.—Problems of estuarine pollution are increasing,

with serious effects on fish, shellfish, health, recreation, and beauty.

An interagency study will be initiated leading to a long-range program

of research, first utilizing the Chesapeake Bay as a model.

A Corps of Engineers hydraulic model of the Chesapeake Bay is

already authorized and will serve as a focal point for a multiagency,

multidisciplinary approach closely correlated with pollution studies

of the Federal Water Pollution Control Administration and other

units of the Department of the Interior; the Department of Health,

Education, and Welfare ; the Smithsonian Institution ; and other agen-

cies of the Federal and State Governments.

6. Surveys of Mineral Resources.—Planning, surveys, and survey

methodology, all related to the mineral resources of the Continental

Shelf, will be accelerated to identify potential new mineral sources and

to develop a pilot plan to meet long-term needs as land sources become

more expensive. Expenditures in fiscal year 1968 will be increased by

$600,000. The Department of the Interior, working with the Depart-

ments of Commerce and Navy, and other agencies, through the Council,

will be responsible for the project.

7. Ocean Observation and Prediction.—^Planning has begun to

strengthen ocean-based observation networks that lag behind land-

based systems and yet are critically needed to

:

—study the effects of the marine environment on weather and es-

pecially to study how to predict droughts

;

—improve prediction of near-shore weather and severe storms to

protect life and property of shore communities and industries

;

—predict the state of the oceans to protect life and property and
support resource exploitation.

The Environmental Science Services Administration's portion of

these program will require about a $2.5 million increase in fiscal year

1968 ; Navy will continue its ongoing program ; the Coast Guard and
other agencies will contribute to the programs.

8. Deep Ocean Technology.—The loss of the Thresher and the recent

loss of an unarmed H-bomb off Spain emphasize the national impor-
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tance of an expanded capability for search and recovery systems in the

deep ocean. A new program to develop deep-ocean technology will

be initiated which with the current Navy effort in deep submergence

will strengthen the future capability for recovery of lost equipment

and provide a deep ocean engineering capability.

The priority program will be implemented by the Navy with

fiscal year 1968 costs of $16.4 million devoted to development of

key components and additional work in the Navy's deep submergence

program.

9. Subpolar Oceanographic Research.—A replacement Coast Guard
ship, previously authorized for the International Ice Patrol, will be

especially designed and constructed so that it can expand oceano-

graphic research in high latitudes. Construction of the ship will

begin in fiscal year 1968 at a cost of $12 million.
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Chapter IV

INTERNATIONAL COOPERATION IN THE NATIONAL
INTEREST

U.S. Policy and International Cooperation

Intensified use of the sea, now projected worldwide, could very

well stimulate national rivalries and conflicts that could arrest the

development of marine resources and defeat the very purpose of

our national policy. We thus emphasize international collaboration

in the exploration and use of the seas and their resources and the

opportunity to utilize the seas to advance world peace, understanding,

and economic development at home and abroad. Such steps antici-

pate strengthening communications and institutions at all levels,

intergovernmental, scientific, and industrial.

The Marine Resources and Engineering Development Act declares

that our marine science program should contribute to cooperation

"with other nations and groups of nations and international organiza-

tions * * * when such cooperation is in the national interest." The

Act also directs the Council, under foreign policy guidance of the

President, to coordinate a program of international cooperation.

The President clearly stated his support for international participa-

tion in marine science activities at the commissioning of the Oceanog-

rapher on July 13, 1966, when he said : "Truly great accomplishments

in oceanography will require the cooperation of all the maritime na-

tions of the world. Today, I send our voice out from this pla4:form

calling for such cooperation, requesting it, and urging it. * * * The

sea—in the words of Longfellow, 'divides and yet unites mankind.'

"

The Council has given high priority to determining how the seas

can serve as a medium for increased international cooperation, and is

supporting, for example, the following activities

:

(1) A U.S. initiative at the 1966 United Nations General Assembly

calling for an examination of international marine science activities

:

(2) A pilot U.S. program to assist the less developed nations to use

food from the sea

;

(3) A survey of marine science activities of other nations and of op-

portunities for cooperation

;
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(4) Studies to identify possible legal or political problems and to

develop a framework of principles to further foreign policy objectives;

and

(5) Scientist-to-scientist exchanges, including multinational use of

research ships.

Expanding Opportunities for Scientific Cooperation

Scientist-to-scientist communication in oceanography has success-

fully brought people and nations together from all corners of the

world. International oceanographic projects following the Interna-

tional Geophysical Year have involved experts from as many as 46

countries and have resulted in lasting contacts among scientists

throughout the world. Examples of such programs are the Interna-

tional Indian Ocean Expedition, the International Cooperative In-

vestigations of the Tropical Atlantic, the cooperative study of the

Kuroshio, and the International Biological Program. The Scientific

Committee on Oceanic Research of the International Council of Scien-

tific Unions is one of the principal nongovernmental organizations

concerned with these and other marine research activities.

The Second International Oceanographic Congress in Moscow and
the Eleventh Pacific Science Congress in Tokyo highlighted the many
convocations on marine sciences in 1966. The Moscow Congress pro-

vided an unusual opportunity for American and other Western scien-

tists to visit Soviet laboratories and to meet hundreds of Soviet

specialists who had not previously attended international meetings.

Research ships of U.S. Government agencies and private institu-

tions operate in waters throughout the world, and foreign scientists

frequently participate in these cruises. The forthcoming global sci-

entific expedition by the Oceanographer (Figure 3) will afford many
opportunities for useful scientific investigations and cooperation and

will demonstrate our desire to work with all nations in using new
technology to improve our understanding of the oceans.

As a matter of policy, the Government encourages exchanges of

American and foreign scientists and port calls. This has been exemp-

lified most recently by a call at San Francisco in Januai-y 1967 by the

Soviet oceanographic ship Mikhail Lomonosov and the expected calls

of the Oceanogra'pheT at Odessa and other foreign ports this year.

Cooperation in Using Marine Resources

International cooperation can enhance the effective and rational

use of marine resources. Bilateral and multilateral fishing conven-

tions and agreements liave been concluded to insure that some stocks

will not be depleted. The Convention on the Continental Shelf pro-

motes the development of the economic productivity of petroleum, gas,

and solid minerals.
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FiGtJBE 3.

—

Environmental Science Services Administration Survey Ship

"Oceanographer."

The 1958 and 1960 Law of the Sea Conferences, conducted under

U.N. auspices, were landmarks in the development of the legal code

governing the use of the seas and their resources. Four conventions

have since come into force

:

Convention on Fishing and Conservation of the Living Resources

of the High Seas.

Convention on the High Seas.

Convention on the Continental Shelf.

Convention on the Territorial Sea and the Contiguous Zone.

While these conventions provide a basis for resolving a major part

of the conflicts among nations, they have not attempted to cover all

contingencies. As advancements in technology place the sea's re-

sources within the grasp of more nations, the principles enunciated

—

and omitted—in these conventions take on added significance. More-

over, to regulate the use of marine resources in a manner which will

insure their wise disposition requires an understanding of the oceanic

environment and a forecast of man's interaction with his natural

environment. No one nation can explore the seas alone. All nations

will benefit ; all should contribute.

The Increasing Role of the United Nations

Since the founding of the L^nited Nations, this country has played

a leading role in mobilizing international interest in preserving and

promoting peace through this world forum. The international char-
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acter of oceanic activities is reflected in the increasing interest in

marine activities of many United Nations agencies, such as the United
Nations Food and Agriculture Organization and the Intergovern-

mental Oceanographic Commission of the United Nations Educa-
tional, Scientific, and Cultural Organization.

At the 1966 United Nations General Asembly, U.S. initiatives re-

sulted in the adoption of a resolution requesting the Secretary General

to survey international cooperative activities related to marine science,

technology, and marine resources. This two-year survey will examine

the mechanisms for preventing duplication and for increasing co-

ordination among international organizations concerned with marine

activities. In some respects, this study on an international scale is

analogous to those leading to the recent Marine Sciences Act on a

national scale.

In 1966, the General Assembly endorsed a proposal of the United

Nations Committee on Outer Space for a group of experts to examine

the international requirements for navigation satellites. The accurate

positioning of oceanographic stations is an important aspect of any

cooperative ship-survey program, and the potential of navigation

satellites to improve the precision of station locations was demon-

strated by several U.S. oceanographic ships equipped with the Navy-

developed receiving equipment.

Our support of the activities of the many United Nations agencies

concerned with marine activities, and our initiatives to promote co-

operation through these agencies are becoming more important. The
Intergovernmental Oceanographic Commission, for example, is play-

ing an increasingly active role in promoting international expeditions,

data exchanges, radio frequency allocations for oceanographic research

activities, and an international tsunami warning system in the Pacific

Ocean. The World Meteorological Organization coordinates the ex-

change of marine weather data between nations and is in the process

of developing the World Weather Watch. Other international or-

ganizations concerned with marine sciences are indicated in Table VII.

Polar Exploration

Antarctica remains a symbol of successful cooperation among coun-

tries having potentially conflicting political interests and a model of

international arrangements for the benefit of all najtions. The ex-

perience of Antarctic cooperation deserves study to determine whether

it can be extrapolated to areas of the seas beyond polar regions.

Our Arctic Research Laboratory in Alaska continues to welcome

scientists of other countries. Oceanographic data collected from ice
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stations and contiguous land stations are routinely made available to

the other countries of the Arctic. Also, the International Ice Patrol,

through research and observation, makes data available to reduce

navigation hazards in the North Atlantic.

Our understanding of the Arctic basin, however, is still in its in-

fancy. The oceanographic research capability to be included in the

new Coast Guard ship will be a significant step in enhancing our in-

vestigations of near-Arctic waters. As we improve our capabilities

to operate in the Arctic, we look forward to collaboration with other

polar countries for we have much to learn from their extensive

experience.

International Use of the Great Lakes

We have worked with Canada for many years to preserve one of

our greatest inland resources, the Great Lakes. Many countries of the

world use the Great Lakes as a trade artery. Millions of Americans

and Canadians rely on the lakes for water supply, recreational activi-

ties, fishery products, transportation, and electric power generation.

At the same time, industries and mimicipalities often use the Great

Lakes as a convenient dumping ground for waste products.

The American-Canadian International Joint Commission is devot-

ing considerable attention to pollution and to the maintenance of

water levels. Through the efforts of the Great Lakes Fishery Com-

mission, the sea lamprey population has been reduced by 90 percent in

Lake Superior ; treatments were recently completed in Lake Michigan

and are well undervvay in Lake Huron. The U.S. Geological Survey

is planning a collaborative project with Canada in connection with

the International Hydrological Decade to study the physical dy-

namics of one of the Great Lakes.

Table VIII indicates the Federal agencies supporting research in the

Great Lakes.

Bilateral and Multilateral Foreign Assistance

Coastal fishing and other maritime activities play a significant role

in the economies of most coastal nations of the world. Technical as-

sistance programs can help the lesser developed of these countries,

particularly if the programs incorporate the principle of self-help.

Also, the programs must be formulated within the context of the over-

all needs and directions of the country's economy, for harbors without

boats, fishery products without marketing mechanisms, and scientists

without laboratories make little sense.

On a limited bilateral basis, we have provided precision equipment

and specialists for harbor surveys in Latin America and aided on-the-

job training for local specialists. We have similarly supported harbor

improvement, navigation, and desalting projects.
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Table VIII.

—

Federal Marine Science Activities in the Great Lakes

Estimated
fiscal year 1968

program
{millions)

Department of Defense $2.8

Department of the Interior 2. 6

Department of State 1.

1

Department of Transi)ortation .2

National Science Foundation . 2

Department of Commerce ^

Total 7.0

1 Less than $50,000.

Multilateral aid arrangements in the marine field are limited to

date and, like our bilateral programs, have emphasized development

of coastal facilities. The world banking consortiums and the United

Nations development program have supported some projects.

UNESCO and the Food and Agriculture Organization have provided

fellowships and other devices for study and training by foreign

marine scientists and technicians in many countries.

The Organization for Economic Cooperation and Development has

become increasingly interested in raising the capabilities of the less

developed countries in the marine sciences. Also, NATO has estab-

lished a strong oceanographic capability at the research center in Italy

and has an annual exercise in environmental prediction.

Figure 4.

—

American Drilling Rig Prospecting in Foreign Waters.
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This nation will intensify its examination of opportunities for these

programs.

American Commercial Interests Abroad

American firms continue to develop interests in offshore areas of

foreign countries. Oil and gas exploration activities in the North Sea,

off the African coasts, and in the Persian Gulf, involve American

companies operating under arrangements worked out with the riparian

governments. An example of a U.S. drilling rig operating in the

North Sea is shown in Figure 4. Similarly, American firms are inter-

ested in solid-mineral deposits under foreign waters, including min-

eral deposits near Australia and tin deposits in Southeast Asia.

American firms are also heavily mvolved in fisheries ventures through-

out the world, often supporting the development of new local indus-

tries. These commercial arrangements represent international

cooperation at still another level with benefits accruing to both the

American firms and the host countries.

Protecting Order in the World Community

Lasting peace is our goal and international cooperation and economic

development should bring us closer to that goal. Meanwhile, a sea-

based force remains a major factor in reducing the danger of armed
conflict—linking us with our allies, deterring potential adversaries,

and insuring our capability to contain and conclude limited conflicts.

As we strive to promote the orderly evolution of a society of nations

linked by peaceful aspirations, we continue to rely on the seas for de-

ploying and supporting our land forces and for insuring the invul-

nerability of our strategic deterrent. The protection of sea lifelines

throughout the world enables maritime activities to thrive in peace-

time, and assured lifelines are essential components of our military

strategy which provide us with options to meet contingencies at an

appropriate level of response. The successful development of a

nuclear submarine force equipped with Polaris missiles, and the cur-

rent development of the Poseidon missile, vividly demonstrate the

importance of marine science and technology to our defense.

We have no monopoly, however, on sea-based systems nor on naval

technology. The advent of the nuclear-powered submarine and deep-

diving capabilities add new elements of sophistication to offensive

and defensive concepts, and the technology of undersea warfare has

not stabilized. We continue to press the frontiers of technology to

refine existing systems and remain in the forefront in developing new
concepts.

In refining our tactical capabilities on the oceans, we seek to use

the advantages the oceans offer to a sea-based force—flexibility and
mobility in deployment and freedom to disperse and concentrate
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rapidly. In developing underwater capabilities we attempt to achieve

the dual goal of making the oceans transparent to our underwater sur-

veillance systems while we operate free of detection. This is the chal-

lenge to antisubmarine warfare research. Also, we rely heavily on

the invulnerability of operating in the depths of the ocean in formu-

lating our strategic and tactical options.

Much of our expenditures in marine science since World War
II has been related directly or indirectly to an understanding of

the surface and underwater environment. In the absence of a drastic

and unexpected change in the power structure of the world, the

demand for a more refined understanding of relevant scientific phe-

nomena in support of naval activities will continue to increase. De-

velopment aspects of military oceanography depend upon the genera-

tion of basic knowledge ; when this fund of knowledge is deficient, as

in the case of our understanding of the sea, very active research pro-

grams are essential. Naval research and development activities will

also continue to make major contributions to many nonmilitary pro-

grams which hinge on proper understanding and use of the oceans.

The U.S. is contmuing its efforts to encourage all nations to become

parties to the 1963 treaty prohibiting nuclear testing in the seas, at-

mosphere, and outer space. We are also continuing to improve our

understanding of seismic phenomena under the oceans in earthquake

belts both to strengthen our ability to detect and identify seismic

phenomena resulting from underground nuclear tests, and to improve

tsunami warning and earthquake prediction.
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Chapter V

UTILIZING FOOD RESOURCES OF THE SEAS

Next to the pursuit of peace, the greatest challenge to the human
family is the race between food supply and population increase.

That race is now being lost.

Lyndon B. Johnson.

The Problem and a SoluHon

Protein malnutrition afflicts half the world population. Vigorous

efforts by all nations are necessary to produce food, adequate in quan-

tity and quality, to keep pace with the expanding- world population and

the needs of newly developing countries. The causes of world peace

and individual welfare demand maximum effort from the more ad-

vanced nations.

This problem directly impinges on our Nation's interests, and these

facts lie behind a long-standing policy to wage war on hunger.

The imbalance between protein supply and requirements is so serious

that every reasonable approach is required to correct it. Cereals sup-

ply the bulk of the world's protein, but they do not meet the quantita-

tive need, nor contain all of the essential amino acids. To provide

both an adequate quantity and a proper balance of amino acids, addi-

tional cheap protein sources are needed to supplement cereals.

This potential of the sea to help meet a significant fraction of world-

wide need for protein has been recognized for many years, discussed

in every recent study on oceanography, and flagged by the President's

Science Advisory Committee as deserving highest priority attention.

The recommendation by the Marine Sciences Council represents a

next step—a plan for action to match a solution to the food problem.

The new initiative to increase utilization of the food resources of the

sea was adopted by the Council because of the high promise of help-

ing to meet the worldwide food problem promptly, economically, with

available or emerging technologies, and in the framework of existing

institutions.

The World Market

The 1965 world catch of seafoods of all kinds was 115 billion pounds,

two-thirds of which was used directly for human consumption.

Figure 5 shows the trend of the world market, extrapolated to the year
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2000. If per capita consumption remains the same as in 1965, more
than 215 billion pounds will be required by the turn of the century.

The current rate of increase in consumption, however, is about double

the rate of world population growth. With better preservation of

flavor and more attractive processing, more will be consumed directly

as food, in addition to increases for animal feed. Thus it is likely that

the per capita consumption of fish products will increase so that by the

year 2000, the total could approach 350 billion pounds.

U.S. Market for Fish Products

The U.S. demand for fish products in 1965 amounted to 12 billion

pounds. In the past five years it increased at a greater rate than our

population, mainly from increased demand for fish meal as animal

feed.

Imported fishery products presently supply over half of our require-

ments. A significant amount of these imports, however, is produced

by American-owned companies. Foreign fishery products will con-

tinue to take a major share of our domestic market unless the relative

cost of products offered by our domestic industry is reduced.

Figure 6 projects American consumption of fishery products to

the year 2000 by which time the demand may be double or perhaps

triple today's requirements.

Resources of the World's Waters

Against this projection of seafood demand, it is necessary to examine
the supply. Data are insufficient on which to base good estimates of

the ocean's sustainable yield. Experts are in wide disagreement and
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Figure 8.

—

Fish catch of five countries.

[Data from FAO sources]
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The Departments of Interior and Navy have embarked on a joint

program to utilize certain tactical environmental prediction data

to aid selection of the best fishing depths and fishing grounds.

Table IX.

—

Federal funding related to the food resources of the seas ^

Estimated
fiscal year 1968
{in millions)

Department of the Interior $49.2

Department of Health, Education, and Welfare ^4.2

Agency for International Development 2.

Smithsonian Institution ^ 1. 8

1 Does not include small amounts of funds for AEC, Department of Commerce, etc.,

listed in other "purpose" categories.

2 Listed under '"Health" in appendix.
3 Listed under "Multlgoal Activities" in appendix.

Seashore marshes are nurseries for some commercial fish, and more
data are being sought about the ecology of these regions and the

behavior of their young inhabitants, particularly where pollution

may become significant. Much is being learned about control of

predators and disease. Some of this knowledge should help re-

juvenate the valuable oyster industry along our Atlantic coast.

Technical and economic assistance by the Federal Government is

focused on improving harvesting techniques, new processing methods
and products, new types of vessels, as well as new markets and eco-

nomic analyses. A midwater trawling system, for example, enabled
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small Hshing vessels to capture over 4 million pounds of Pacific hake
in Puget Sound, Wash., during the first six months of 1966. Future
efforts are aimed at developing techniques for liarvesting some of the
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estimated 4 billion pounds of sardine-like species available in the

Gulf of Mexico.

Processing investigations sponsored by the Atomic Energy Com-

mission have revealed that use of nuclear energy for pasteurization by

irradiation of fishery products will allow certain species to be kept

"sea fresh" longer. Engineering studies have been started to develop

mechanical methods for removing the meat from blue crabs and to

devise a sucessful shucking machine for the vast stocks of calico

scallops off the coast of Florida.

Under its assistance programs, the Federal Government granted $1

million in subsidies in fiscal year 1966 for construction of seven new

fishing vessels; in addition, federally insured mortgages amounting

to $1.9 million were approved last year for construction or reconstruc-

tion of 30 vessels. Ninety-two direct loans, totaling $2 million, were

made to owners and operators of fishing vessels. Two 296-foot stern

trawler factory ships will be completed in the spring of 1968, the first

of this type to be constructed in this country. Federal aid was granted

in fiscal year 1966 in the amount of $3.8 million to States for financing

fishery research and development projects.

Although not contributing in a major way to food from the sea,

sport fishing is increasingly important to our leisure activity. The

number of serious salt water sports fishennen was estimated at 8.3

million in 1965, and it is growing faster than the national population.

Sport fishing, along with commercial fishing, should benefit from

research on ocean fish stocks.

International Fishing Agreements

International agreements will continue to be of vital importance to

the prudent use of world fishery stocks. In the past we have depended

upon some seventeen international fishing conventions and agreements

to resolve conflicting fishing interests. International arrangements for

taking fur seal, halibut, and sockeye salmon in the Pacific Ocean have

been particularly effective for conservation. Bilateral agreements

have recently been developed to regulate Soviet and Japanese fishing

for king crab on the U.S. Continental Shelf and in the Bering Sea.

A new convention concerning Atlantic tuna awaits Senate ratification,

and consen^ation measures have recently been applied for the first

time to Pacific yellowfin tuna. In general, U.S. fishermen feel that

most of these regulations have helped them, but issues remain con-

cerning foreign fishing acti^aties off our coasts.

Because of increased foreign fishing in our coastal waters. Congress

enacted legislation during 1966 extending our fishery zone to twelve

miles, a limit widely adopted by other nations. The extension of fish-

ing jurisdiction will not, however, resolve the conservation problem

for many stocks of fish found along U.S. coasts.
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Institutional Constraints

In cases where American fisheries are not competing effectively with

their foreign counterparts, institutional constraints have been cited as

a principal cause. Domestic laws, customs, regulations—both inter-

national and local—limit the catch of a fisherman or group of fisher-

men. The restrictions include limitation on the area to be fished,

fishing season, type of gear, boats, or the fishing techniques.

In private fishing grounds, it is quite natural and expected that

rules are advantageous to the owner. Private property of individ-

uals or the territorial waters of nations are often thus regulated.

Wlien there is common access and ownership, however—e.g., the re-

sources of the high seas—or when the resources are owned by a po-

litical entity but open to public harvesting—e.g., the oysterbeds in

Chesapeake Bay—regulation is more difficult.

Regulation may be necessary to mediate conflicting user interests,

such as between sport and commercial fishing. Restrictions may
also be imposed to conserve a sustainable supply. Such measures, in

the form of limited seasons and limited take per person, are commonly

and successfully applied to inland sport fishing and game but these

measures are not so adaptable to commercial fishing on the open seas.

Here other solutions have been employed, including the controversial

device of limiting the efficiency of the catching equipment.

As more fishermen participate in fisheries, the share for each fisher-

man diminishes. In the future it may be necessary to consider these

problems more broadly and to initiate new forms of international co-

operation and management for the high seas fisheries. This is espe-

cially important as nations move to industrial methods and thus in-

crease the threat to maintaining sustainable yields.

The initiative discussed next carries an implicit obligation: to de-

velop a unified global approach to fisheries that harmonize national

interests, conservation needs, and economic incentives.

A New Initiative for the Future

We propose to embark on an intensified, long-range program to

exploit the oceans as a source of food to help feed the undernourished

people of the world. This program would begin to implement pro-

visions of the Marine Resources and Engineering Development Act
of 1966 and respond to the expressed intentions of the Nation to make
effective use of the sea in the war on hunger.

The primary objectives are

:

—to alleviate human hunger by long-range programs carefully

designed to extract more usable food from the sea, by the United
States and other nations

;

—to assume international leadership by policies that look to peace-
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ful, cooperative uses of the sea and that make new and improved

technologies available to the less developed nations

;

—to upgrade and assist domestic fishing and fish-processing indus-

tries through the development of markets for species not now

caught, new products, improved techniques, and expanded knowl-

edge of the oceans,

This program concept considers all facets of the total system from

raw ocean resources to consumer

:

—It anticipates multiplying the presently used food resources of the

ocean by a factor of perhaps five, processing and distributing these

resources effectively in many forms suitable to the particular needs

abroad and in this country

;

—It recognizes the need for more effective regulatory policies aimed

at maximizing sustainable worldwide yields and improving eco-

nomic efficiency

;

—It includes the concepts of "ranching" to increase the supply, inno-

vative engineering, and systems analysis, as well as research, to

upgrade the equipment and techniques

;

—It contemplates active participation of the United States and for-

eign governments and private enterprise, bringing to bear tech-

nology, capital, and entrepreneurship to establish a self-sustaining

industry.

The program will place emphasis on exploring the types of food

which will be best suited to the needs of various people, both on a short-

term and long-term basis.

First Step—A Demonstration of the Potential of Fish Protein Concentrate

Initial steps to implement the long-range program can begin now.

Plans are being developed to exploit the special opportunities available

as a result of applied research by the Bureau of Commercial Fisheries

that has refined a relatively simple process for extracting low-cost ani-

mal protein from the lesser used fish of the sea. Whole hake and

similar species can be converted into a nutritious and wholesome pro-

tein concentrate (FPC). FPC is bacteriologically and biochemically

safe and stable without refrigeration or other special processing. It

can be incorporated into cereal products at a five- to ten-percent level

with no detectable "fishy" flavor. Its protein is easily digestible and

biologically available. Ten grams will provide adequate animal pro-

tein to meet the daily requirements of one child, at an estimated daily

cost of less than one penny. The relative costs of FPC compared to

protein from some other sources are shown in Table X.

Since Congress has already authorized construction of a pilot plant,

and the Food and Drug Administration has approved FPC ^ after

1 32 F.R. 1173 (Feb. 2, 1967).
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Table X.

—

Cost of protein from animal sources

Price per
pound

Protein
content
(percent)

Protein price

Per pound
Per daily
supply

(10 grams)

Fish protein concentrate (FPC)
Dry milk

Dried fish (Africa)

Chicken (United States)

$0.25

.15

.14

.25

$0.31

.45

.38

1.65

$0.0068

.0100

.0085

.0360

Source: National Academy of Sciences' proposal for BCF (unpublished).

thorough testing and human feeding experiments, it is possible to

proceed without delay to refine the process and develop a product

for market studies discussed later.

On a cooperative bilateral basis, it is proposed to select and survey

the fishing potential and market feasibility of FPC products in three

less developed countries ; one of these countries will be selected as the

place in which to foster development of a local capability to produce

and distribute FPC. The specific objective would be to demonstrate

that—consistent with local needs, fish supplies, people, and customs

—

it is feasible to meet animal protein needs of a large number of pre-

school children and pregnant mothers promptly and economically.

An initial goal for a small country would be to provide by 1971, ten

grams of animal protein daily to each of one million people. This can

be expanded as experience or circumstances dictate.

The main elements of the proposed FPC demonstration program,

projected over a five-year period in Figure 10 are to:

—develop commercial process for producing FPC ^ including re-

search to improve the present process and make it more economi-

cal and suitable for other species ; also included : research on food

technology, research on problems of toxic fish, and development

of appropriate guidelines to foster stringent quality control.

Design, construction, leasing, and operation of the authorized

pilot plants are part of this development

;

—improve the fish catching^ landing^ and processing capabilities of
three protein-deficient countries. The nature and extent of the

fish population accessible to the potential recipient countries, de-

velopment of improved boats, catching equipment, and processing

capability would be studied

;

—develop markets for FPC in at least one protein-deficient country.

Local fishing potential, analysis of local eating customs, as well

as market and distribution patterns for appropriate food forms,

would be evaluated

;
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—establish a viable commercial FPC system, in at least one protein-

deficient country;
—encourage other nations and private interests to establish com-

mercial fishing industries wherever feasible.

The concept of utilizing FPC to help meet protein deficiencies is

a "technology exporting" concept. We do not define this food-from-

the-sea program as a means for shipping more fish protein to protein-

deficient countries. Rather we define it as a program which will

help those countries, through the importation of technological capa-

bility, to produce the fish protein themselves.

Management

Overall program management of the demonstration project and

lead agency responsibility for all Government activity has been

assigned to the Agency for International Development. Technical

support will be provided by the Bureau of Commercial Fisheries and

the Department of Health, Education, and Welfare. Resources of

such organizations as the Smithsonian Institution, Environmental

Science Services Administration, and the National Academy of Sci-

ences will also be focused on these objectives. Special attention will

be given to establishing and maintaining worldwide quality and sani-

tary standards through world organizations such as the Food and

Agriculture Organization.

Inasmuch as success depends critically upon development of a low-

cost product, consumer acceptance, and effective marketing, U.S. indus-

try will be encouraged to have a major role in planning and developing

the program.
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Chapter VI

IMPLEMENTING SEA GRANT LEGISLATION

Perspective

The National Sea Grant College and Program Act of 1966 estab-

lished a new instrument for strengthening the base of specialized

education and ocean engineering research, and for improving com-

munication of scientific or technological results to many marine science

interests lacking their own research capabilities. This Act is one of

the areas of special emphasis selected by the Council and will be

implemented by the National Science Foundation as soon as authori-

zation to use fiscal year 1967 funds for this purpose is secured from

the Congress.

It is widely agreed that advances in science and technology depend

on skilled manpower. In recent years, the Federal Government has

assumed major responsibility—through a variety of fellowships,

traineeships, and research and institutional grants—to support train-

ing and education in many technical fields, thus increasing the flow

of new scientists and engineers to meet national needs. This Federal

policy has strengthened the marine sciences. Professional manpower

in marine sciences in 1961 was limited, totaling only 600 persons,

trained mostly in a variety of classical disciplines, and in ocean-

ography. Accordingly, special steps were taken in 1961 by several

Federal agencies to expand the opportunities at universities for stu-

dents, teachers, and graduate research. Today, professional man-

power numbers 2,600 and nearly 1,000 individuals are enrolled in

marine science curriculums in more than fifty colleges and universities.

It has become increasingly apparent, however, that this support

of marine science was not adequately complemented by parallel sup-

port for the training of engineers who would engage in marine work.

It also became apparent that applied marine research was not being

supported adequately, compared to basic marine research. Finally,

in the context of the broadened emphasis being placed on the civilian

as well as military importance of using the seas, there was a conspicu-

ous gap in the important process of information transfer between the

Federal Government, States, departments within academic institu-

tions, and certain sectors of industry.
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Purpose of the Act

It was in this situation in 1966 that the Congress, recognizing the

need to strengthen the Nation's capabilities in marine science and
technology, with particular emphasis on ocean exploitation, passed

the National Sea Grant College and Program Act (Public Law
89-688) which was signed into law October 15, 1966. The legislation

amended the Marine Resources and Engineering Development Act

and became the first operating program provided under the basic

legislation.

The purpose of this Act is threefold—to strengthen the pool of

trained manpower, to strengthen applied research, and to improve the

process of information transfer.

Attainment of these objectives will be a long-term process, for the

needed manpower resources cannot be developed quickly. But the

Sea Grant Act is intended to begin the move toward those objectives

and, ultimately, to accelerate application of scientific discoveries to

all fields relating to the seas: defense, shipping, food, prospecting

and mining, pharmaceuticals, transportation, recreation, weather pre-

diction, and other useful areas.

The National Science Foundation is charged by law with initiating,

developing, and supporting the programs authorized by the Sea Grant

Act. The Marine Sciences Council is required to advise the Founda-

tion with respect to the policies, procedures, and operations of the

Foundation in carrying out its functions.

As a matter of policy, the Council and Foundation agreed that the

sea-grant program should be largely oriented to national purposes,

such as those dealing with food from the sea, ocean-related environ-

mental forecasting, Continental Shelf exploitation, and multiple use

of the seacoast (specifically addressed to pollution problems). The

Council also recommended that existing legislative authorization for

two years, ending fiscal year 1968, be extended for another finite

interval of at least two years.

Features of the Program

In some respects the Sea-Grant concept is similar to existing pro-

grams, but in its mode of support, the Sea-Grant concept is new. Its

novelty derives both from its focus on ocean engineering and, as sug-

gested in Figures 11 and 12, on its cross-disciplinary and information

transfer elements. Figure 11 is a traditional, two-dimensional view

of ocean training, with disciplines matched against fields. Our pur-

pose in representing ocean training on a three-dimensional grid, as

in Figure 12, is to show that the Sea-Grant concept embraces a greater

number of disciplines, including law, economics, and so on, and that

58



o^

/
#

«^ /
CHEMISTRY

BIOLOGY

PHYSICS

GEOLOGY

ETC.

FiGUEE 11.

—

Two dimensional pattern of conventional ocean training.

it is the collaborative effort of all these skills that will give the total

marine enterprise its strength.

The Sea-Grant Program will be carried on in the universities, but

there will be continuous interaction between the Federal Government,

State governments, academic institutions, and industry to examine

common problems and to pool diversified resources, facilities, and spe-

cialized talents for their solution. The program would thus augment

rather than replace existing programs of support—and provide a

"cement"' for these ongoing efforts. It could provide excellent op-

portunities for "seed projects" that will attract private funding par-

ticipation.

Industrial firms in widely diverse fields could participate in the

program, enabling students to pursue on-the-job training in conjunc-

tion with their normal educational programs. Industrial require-

ments will help to shape the direction of the program and, indeed,

the National Science Foundation looks to industry for the feedback

so essential to accurate planning. Thus, the Sea-Grant Program will

help to support existing industries through provision of trained man-

power, new techniques, and concepts.

In short, the Sea-Grant legislation provides for grants and con-

tracts to public or private institutions of higher education, institutes,

and laboratories for the functions of education, applied research and

information transfer aimed at marine resource development. Match-

ing funds equal to half of the Federal grant or contract ; i.e., one-third
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Figure 12.—-Sea grant training—a three dimensional pattern.

of the total, must be provided by the recipient. Federal funds may
not be used for construction of new facilities or rental.

Participants in any one State may not receive more than fifteen per-

cent of the total appropriation to the Foundation for the Sea-Grant

Program in any single fiscal year.

Funds are authorized for support of programs at Sea-Grant Colleges

and at other suitable institutions. The term "Sea-Grant Colleges" is

defined in the Act as encompassing public or private institutions of

higher education which engage in a comprehensive set of related activ-

ities focused on resources development. Sea-Grant Programs, on the

other hand, may embrace individual projects to meet any one of the

three functional goals; i.e., trained manpower, applied research, and

information transfer.

Although it is too early to describe the precise nature of the pro-

gram, typical features could include the following

:

—Location in a region with marine-related industry (e.g., fishing,

boating)

;
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—Full-time program director/coordinator

;

—Evidence of support by host institution

;

—Regular, part-time j)articipation by faculty from allied depart-

ments;

—Defined study curriculum

;

—Planning devoted at least partly to regional problems such as

utilization of local marine resources

;

—Programs of applied research

;

—Related public information activities including workshops,

seminars, etc.

;

—Provision for multi-institutional collaboration.

Implementation

Sea-Grant College support will be granted to a limited number of

institutions that qualify competitively to carry out comprehensive

programs in both training and technology. They must have the ability

to undertake advisory programs related to development of marine

resources. Support will be provided successful applicants by means

of a single broad grant to an institution. The appellation "Sea-Grant

College" may be conferred upon an institution after the formative

phases of the program and visible accomplishment. However, to

achieve any degree of effectiveness, this three-faceted (research, train-

ing, information transfer) program anticipates considerable conti-

nuity of support. Within limits of appropriations, continuing sup-

port for a comprehensive Sea-Grant College program in an institution

would ordinarily be provided as long as high-quality performance is

maintained. Reviews will be conducted annually, and levels of sup-

port will depend on both promise and achievement.

The law stipulates that grantor contribution will be limited to two-

thirds and that the grantee must provide at least one-third of funds

required for an approved program. Institutions will be encouraged

to provide even greater amounts, particularly from private sources.

Funding

For fiscal year 1967, the Congress is being requested to authorize

the National Science Foundation to reallocate $1 million from its cur-

rent regular appropriation to initiate the program. This would per-

mit several small grants to begin activities at participating institu-

tions, especially for necessary planning.

For fiscal year 1968, $4 million is being requested of the Congress.

With such funds, the Fomidation would provide grants up to several

hundred thousand dollars each (supplemented by cost-sharing funds

provided by the recipient) to several institutions. These funds will
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be used to support both comprehensive college programs and individ-

ual Sea-Grant projects.

Criteria

The National Science Foundation has developed, and the Council

has endorsed, criteria by which proposals for such grants will be

judged. These criteria, soon to be announced by the Foundation, are

stated only in general terms, to encourage maximum flexibility and

imagination on the part of applicants.

These criteria consider

:

1. Existing resources.—The institution should have a substantial

ongoing program in some area related to objectives of the Sea Grant

Act, such as oceanography, marine biology, ocean engineering, etc.

Additionally, any necessary facilities such as laboratory buildings,

ships, and docks must be available, since the Act forbids Sea-Grant

funding of such facilities. It must also demonstrate capabilities for

interdisciplinary activities. In some cases, needed facilities might be

provided by a consortium of institutions.

2. Capacity for development.—The institution should demonstrate

the ability to plan and implement a new or augmented program.

Each applicant will be required to submit a long-range plan, supported

by appropriate statistical material, showing how its sea-grant activities

will develop in relation to overall institutional plans.

3. GommitTnent to program goals.—Sea-Grant College support will

be given only to those institutions which are prepared to conduct

comprehensive programs encompassing the education, research, and
information transfer objectives of the Act. This must be demon-
strated not only by a willingness to share costs as required by the Act
but by full commitment of responsible senior officials to an effective

program. This commitment should be accompanied by a well-de-

veloped consideration of the proposed program's potential for con-

tributing to the health and welfare of the Nation as well as to the

Nation's economic strength in marine-related activities.

4. Regional factors.—Institutions conducting Sea-Grant College

programs will be responsible for serving as regional centers for

strengthening the marine resources utilization program. Each insti-

tution requesting support for a Sea-Grant College program will be ex-

pected to have examined thoroughly the needs and capabilities of its

region. It must also consider national needs and services relating to

the marine aspects of transportation, fisheries, mining, and other eco-

nomic endeavors. Institutional programs will be expected to provide

advisory sei-vices to regional economic and governmental interests

as may be appropriate.
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Under these criteria, program grants will be allocated within three

major categories

:

—Applied research to increase knowledge and skill and to improve
techniques and equipment for use in development of marine
resources

;

—Training personnel at all levels—including two-year programs for

technicians—who will participate in marine resource development

;

—Marine advisory programs (information transfer) designed to aid

persons currently employed or interested in marine resources de-

velopment. Such programs would include, but not be limited

to, workshops, advisory services, seminars, and demonstrations.

63





Chapter VII

OCEANOGRAPHIC DATA

Data Needs

The rational flow of information from collector to consumer is the

lifeblood of a marine science and technology enterprise. If intensified

but necessarily dispersed efforts are to be successful—to understand

complex ocean phenomena, marine life, and the ocean-atmosphere in-

teraction^and if understanding is to foster application, data handling

must be responsive to a wide variety of user needs.

Studies have shown evidence of serious deficiences in the Nation's

oceanographic data handling: delays in filing; archaic handling

methods; lack of critical evaluation and inadequate identification of

purpose. Since Federal interests are sharply involved both in pro-

duction and consumption of marine data, the Marine Sciences Council

decided to undertake a comprehensive study of requirements for data

acquisition, storage, retrieval, and use. Non-Federal as well as Fed-

eral requirements will be taken into account. The study should lead

to more effective data utilization as well as lower costs.

Marine science information—like any related body of informa-

tion—involves a complex, often perishable data commodity including

connected functions of acquisition, standardization and tests for

accuracy, storage, retrieval, analysis, and synthesis. Today, real-time

as well as archival data systems must be accommodated. Such data

may be classified by field, such as physical oceanography or geology,

and by geographical source. It may be classified according to

whether the user's motivation is for description, analysis, or

application.

Vast quantities of marine environmental information are required

to support virtually all of the purposes of marine science and techno-

logy discussed in this report. Scientists, commercial fisheries experts,

meteorologists, military planners and operators, and ocean engineers

are naturally concerned with the collection and interpretation of mate-

rials in a manner suited to their own particular needs, as illustrated

by Figure 13. Officials in Govemnient and executives in business man-
agement increasingly depend on quantitative scientific information

and objective analysis to make policy decisions.
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As the problems to be solved become more complex, global in scope,

and multidisciplinary in content, the data consumers will be less able

to produce their own raw materials and will become more dependent

on the work of others. To prevent unnecessary and costly duplica-

tion in data collection—the most costly part of marine sciences—col-

lected data should be readily available to all users consistent with the

need for national security.

The exploration of the oceans has been a somewhat random and

often uncoordinated process. There has never been widespread agree-

ment among the marine science community, as there is in some other

fields, as to data handling procedures and standards with the result

that materials are not as coherent and systematic as we now desire. In

the meanwhile, technology now makes it possible to accumulate data

at a vastly faster rate. Today, data users are often unaware of exist-

ing sources, and are unable to retrieve needed data quickly in readily

usable form. In other cases, however, known data may be deliberately

rejected because of doubts of its validity. These problems will need

very careful definition before solutions can be formulated.

Any future system to improve management of data should be a

system that deals in one consistent way with data from its source

through authentication, indexing, filing, and retrieval. Such a sys-

tem involves not only the data commodity itself, but intimately

involves the variety of private and public users and contributors, the
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Marine sciences information management.
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information handling organizations, and the administrative and

support activities.

"VVlien we refer to system, incidentally, we do not necessarily antici-

pate a centralized operation, but include the articulation of a number

of specialized data centers appropriately linked and meeting quality

standards.

Present Status and Next Steps

Some physical-chemical and other information is stored in data

banks at the multiagency funded and managed National Oceano-

graphic Data Center (NODC) in Washington, D.C., and various other

DOD and ESSA data centers. Much information is in the literature,

in the repositories of over 100 research or industrial institutions and

Federal agencies, and in the files of many individual scientists.

The Marine Sciences Council has accordingly authorized its staff

to undertake a comprehensive study of the Nation's oceanographic

data requirements and management steps that could meet a wide vari-

ety of needs. This study is to be funded by various Federal agencies

who are members or observers of the Council. The effort will be

guided by a steering group whose members will be nominated by their

agency heads. The study will be conducted on contract and will initi-

ally endeavor to identify the various users of data—Federal, State,

academic, and industrial—and to catalog their requirements. These

users include:

—the "nonapplied" scientist who is interested in the phenomenology

of the oceans for scientific objectives but whose knowledge and

perception are the basis for a rigorous miderstanding of the oceans

and atmosphere;

—the naval planner concerned with antisubmarine warfare who

must understand undersea phenomena that aid concealment

;

—the climatologist who must acquire and analyze large quantities

of often seemingly unrelated information in order to understand

local, regional, and world climate

;

—the meteorologist, oceanographer, and seismologist who are con-

cerned with the influence of the oceans on the weather over ocean

and land areas and who must warn of hurricane, storm surge, and

of tsunami sea waves of destructive character

;

—industrial managers undertaking expensive offshore mining or oil-

drilling operations who need information on the ocean bed and

water conditions above it

;

—the fisherman, commercial or sport, who will be able to draw on

oceanic data and aircraft, or spacecraft-derived surveillance, to

predict location and density of fish stocks

;
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—the pollution analyst interested in the flushing capacity of ocean-

connected bays or estuaries.

Previous data studies and evaluations in the areas of bathymetry,

geosciences, hydrobiology, air-sea interactions, fish distribution, radia-

tion, and the like will be assembled in support of, and to prevent dupli-

cation by, the new study. Existing activities, such as the U.S. Coast

Guard sensor platform and buoy study and similar ESSA and U.S.

Navy endeavors are now being, or will be, reviewed to assure cor-

relation and prevent duplication with the data study.

The functions and role of the NODC will be key elements within the

scope of the study. The NODC is now providing such services as

:

—exchange of data, including provision of free machine listings

and punched cards in return for receiving data on standard NODC
forms

;

—participation in international programs and providing interna-

tional exchange of services

;

—consultative and advisory services;

—forms and publications

;

—answering "incidental" requests for information and data.

The very breadth, complexity, and rapidly changing character of

marine data has made the NODC job exceedingly difficult. The lack

of overall national dafca methods, limited funds, and incomplete knowl-

edge of user needs, are among other factors that have prevented the

NODC from evolving into the institution of the breadth and scope

that is needed to meet the objectives of the marine sciences legislation.

Means will thus be examined, aimed at, but not limited to the follow-

ing:

—evaluation and reduction of an inherited data backlog including

the development of criteria to determine the value of some of

the collections;

—consideration of a common, nationally (and internationally) ac-

ceptable programming "language" for linkage with other data

storage facilities, memory banks, and computers;

—development of systems and processing capabilities to handle

data

;

'

—the development of additional quality control, archiving, and
information retrieval systems.

The data study will be a key mechanism for rationalizing the data

picture on a national scale for the benefit of all actual and potential

originators and users of oceanographic data. The Marine Sciences

Council objectives, however, can only be achieved if they are in har-

mony with the endeavors of other interested bodies and if the products
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of the study will result in improving the present situation and pro-

viding for future growth. Consultation with the variety of per-

formers in marine science affairs and understanding of other data

management systems to insure compatibility and economy will be

among the first steps. The study will consider data on the world's

oceans, the Great Lakes, and the Gulf of Mexico.
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Chapter VIII

MAN'S USES OF THE SHORELINE

Competition for Coastal Resources

As population pressures along our coasts intensify, competition in-

creases for the use of limited shoreline resources. Paradoxically, at

the same time we seek to derive increased and multiple benefits from

the shore, the by-products of tecluiological progress continue to di-

minish its value. In all too many instances, polluted harbors and bays,

oil-covered beaches, and eroded shorelines have accompanied economic

development along our coasts. The need for concerted Federal and

local initiatives to arrest further shoreline degradation has now

reached a level of some urgency.

Seventy-five percent of our population lives in the States bordering

the oceans and the Great Lakes. Coastward migration continues.

The oceans have a direct impact on the health and welfare of every

coastal resident, as well as the tens of millions of Americans who

swim, boat, fish, and relax along our beautiful coasts. Also, thousands

of commercial fishermen depend for their catches on clean waters of

our bays, estuaries, and nearshore coastal waters, and some commu-

nities are now turning to the oceans as a source of industrial and

drinking water.

At the same time, many industries and municipalities consider the

marine environment as a convenient dumping ground for garbage,

sewage, industrial, and agricultural wastes. Coastal engineering

projects, while benefiting one area, may adversely affect silt deposition

or erosion in others.

Science and technology can provide tools to help understand the

interaction of man's activities and his coastal ecology. But under-

standing is not enough. For shorelines to serve many competing

interests requires informed interaction of political, economic, and

social institutions. The resources of the Federal and State govern-

ments can assist, but not supplant local actions to preserve our coasts

while deriving their benefits.

Industry must have a key role in these matters since it uses water in

industrial processes, often discharges wastes into coastal waters, and

contributes to technology of waste disposal needed to maintain water

quality standards.
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Urban Planning

The coastline is not a boundary separating man's activities in the

oceans from his endeavoi-s on hind. These activities interrelate in

many ways. Sea transportation, for example, must connect with

transportation networks on land. Similarly, urban development does

not end at the water's edge. As municipalities look increasingly sea-

ward for new inhabitable areas, or perhaps offshore airports, corre-

lated planning of urban and ocean activities becomes essential. Waste
disposal requirements must be correlated with the assimilation capa-

bilities of nearby waters. Communities developing a filled-in marsh-

land along estuaries may affect nursery groimds of commercial fish

species. Damming and filling activities along the coasts—and har-

bor development—must anticipate changes in shoreline circulation

patterns. Sanitation problems associated with ducks, gulls, and other

marine birds near populated areas now become important. Not only

do they add to pollution but these marine birds collect in marshes

around airports and interfere with aircraft takeoffs.

Interactions between the sea and land directly affecting man's health

and welfare are reflected in numerous Federal programs. Problems

of shellfish sanitation, storm damage, shoreline erosion, navigation,

and protective harbors have received continuing attention by the

Departments of Interior and Health, Education, and Welfare and the

Army Corps of Engineers. Radioactivity measurements in the sea,

both to identify any danger to our health and to trace ocean currents,

have also been supported by the Atomic Energy Commission with

new attention required as to byproducts that may reach the sea from

nuclear reactors and desalting facilities : radioactive waste, brine, and

hot effluents. Those from fossil fuel plants will also need study.

In view of the importance of recreation to public health and wel-

fare. Federal legislation has been enacted to set aside a number of

seashore areas for public use. At present only three percent of the

shoreline of our States (excluding Alaska) has been set aside for public

recreation and natural conservation, and wise land use of such scarce

resources requires more understanding of the shoreline itself.

The Council considered that the pollution of bays and estuaries

and the Great Lakes requires special attention. Preliminary studies

of several different agencies had already been underway, including

joint Federal-State programs to establish and enforce water quality

standards for all interstate streams, from the headwaters to the estu-

aries, bays, and basins. Accelerating this effort and correlating pro-

grams of different agencies add cohesiveness and momentum to de-

velopment of water quality standards along our coasts.

The present levels of Federal support for marine science studies

related to estuaries is shown in Table XL
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Table XI.—Federal marine science activities in estuaries

President's
budget,

fiscal year 1968
(thousands)

Department of the Interior 24,900

Department of Defense , 3, 500

Department of Health, Education, and Welfare 1,400

National Science Foundation 700

Atomic Energy Commission 200

Department of Commerce 25

Smithsonian Institution 25

Total 30, 750

A Major Initiative: Understanding a Large Estuary

Recent legislation authorized construction of a scale model of the

Chesapeake Bay by the Army Corps of Engineers. This three-di-

mensional model of a scale of 1 :2,0(X) is intended to provide a focus for

long-range, interdisciplinary studies of the complex phenomena which

influence the Chesapeake Bay area.

In focusing attention on the use of a pilot model by one agency, the

Council expects other Government agencies and State and private

institutions to participate in a multidisciplinary study of related prob-

lems. Information being developed by the Federal Water Pollution

Control Administration will be of special value.

For generations, the Chesapeake Bay estuary has been put to a

number of diverse and often conflicting uses. It is used as a source

of food : estuarine fish and shellfish. The Chesapeake Bay estuary

is also used for recreation—swimming, boating, and sport fishing.

It receives municipal and industrial wastes. This latter use, along

with the dredging of navigable channels and harbors and other en-

gineering projects, may drastically change the marine environment.

In view of the large and complex nature of the bay, the model will

be useful in enhancing our ability to develop a theoretical framework

for empirical measurements made in the past. Also, the model will

allow us to improve and extend our understanding of the physical

characteristics of the bay, the ecology of the environment, and the

interactions of man's activities on marine organisms. Of particular

interest will be understanding of the capacity of the Potomac estuary

and subestuaries to absorb pollutants by using such a model at costs

which should be relatively low compared to that of large-scale field

tests.

Insights gained during these studies will be of educational value in

considering comparable interacting forces which influence the waters

of other bays and estuaries in the United States and the Great Lakes.
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Chapter IX

MINERAL RESOURCES OF THE CONTINENTAL SHELF

Further Use of Shelf Resources

Ships, oil derricks, sand dredges, and fish-processing plants have been

familiar sights to our coastal inhabitants for years, but they represent

only the beginning of our mastery of the resources along the thousands

of miles of our coastline. The International Convention on the Con-

tinental Shelf, which went into force in 1964, added more than 1

million square miles to the public lands of the United States as shown

in Figure 14, an increase of almost one-third. (This extension refers

only to adjacent seabed territory in areas where the ocean's depth

is less than 200 metei-s. According to the convention, jurisdiction

may extend to even deeper water if the seabed is subject to techno-

logical exploitation.)

Simultaneously, the promise of mineral and fishery resources on

the Continental Shelf has attracted increased attention as a source of

economic wealth and growth. Our understanding of the distribution,

richness, and availability of oil, gas, and mineral deposits on the shelf

is still limited, however, particularly with regard to deposits off the

Alaskan and northwest coasts.

The role for private initiative and investment on the shelf must be

considered similar to private industi-y's role on land. The petroleum

and gas industry has on its own initiative pioneered in exploration

and development of the geological resources of the Continental Shelf,

and the search for oil and gas has led to the rapid development of many
geophysical exploration tools and platforms. In turn, the Govern-

ment's role now is similar to its earlier responsibilities in the develop-

ment of the West for establishing the administrative, legal, and

financial framework, in the public interest, to encourage development

of public lands while protecting private investments, and helping

to minimize friction between conflicting types of commercial usage.

The Government already supports programs in geological research

and survey and mapping activities, as well as weather and ocean pre-

diction services along the coastlines, to assist industrial activities.

These support functions articulate closely with the private activities

that they serve, and must continue to develop in phase with further

utilization of shelf resources.
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U.S. Continental Shelf {to a depth of 200 meters).
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As a further step in expanding our understanding of the economic

potential of the shelf, one of the priority recommendations of the

Council calls for increased Federal efforts to locate, describe, and assess

offshore solid mineral deposits.

Commercial Activities on the Shelf

Petroleum and gas exploitation has been centered primarily in the

Gulf of Mexico, off the California coast, and increasingly off Alaska,

while exploration is imderway along the coasts of Washington and

Oregon, and now off the northeast coast. The annual investment of

industry in locating and developing offshore oil and gas deposits,

including development and construction of mobile and fixed-platform

drilling rigs, is in the hundreds of millions of dollars. During fiscal

year 1966 the Federal Government received $248 million for offshore

leases and royalties, with most of the sum being paid by the petroleum

industry.

The Continental Shelf is a promising commercial source of sand,

gravel, and seashell deposits used by the construction industry', and

the underwater mining of sulphur is increasing. (See Table XII for

production levels of resources of the shelf.) Almost every large min-

ing and aerospace firm has initiated feasibility studies related to the

solid mineral deposits of the Continental Shelf although only a few

of them are engaged in the high-cost exploratory work. Most indus-

trial firms are awaiting the identification of promising areas on the

shelf and the development of improved sampling and recovery tech-

niques before launching major developmental programs.

Another important resource is "underground" fresh water in

streams on the Continental Shelf. A source of fresh water was dis-

covered last year by the Lamont Geophysical Laboratory, drilling into

the Blake Plateau off Florida in a federally supported program with

an oil rig borrowed from an oil company; an example, incidentally,

of benefits derived from Government-industry-academic cooperation.

Table XII.— Value of mineral production from oceans bordering the United States,

1960-65

(Millions of doUars]

Commodity



Sea water has long been a source of salt, and today it is also a major

source of magnesium and bromine with lesser amounts of sodium,

calcium, and potassium compounds being recovered as byproducts of

extraction processes. With the development of improved desalting

techniques, the chemical industry is looking to sea brine for possible

new commercial opportunities.

Federal Research Activities

Whether the ultimate consumer of research and survey data be a

fisherman or an oil firm, the movement of the water, the nature of the

sea bottom, and our ability to determine precisely locations in and

below the water surface are of key importance. The Federal Gov-

ernment, as shown in Table XIII, is currently engaged in a variety

of marine science information-gathering activities on the shelf. These

include reconnaissance studies of the Atlantic Continental Shelf and

its margin which have already suggested new sources of phosphate and

manganese (Fig. 15) . New petrogeological structures have been iden-

tified off the northeast coast; underwater seismic areas have been

studied along the Alaska and California coasts; systematic studies of

the Gulf Stream and other coastal currents, and geophysical mapping
of offshore sand are leading to understanding of the stability of sea-

floor sediments.

Table XIII.

—

Marine science activities on the Continental Shelf

President's .

budget,
fiscal year 1968,

(millions)

Smithsonian Institution $0.

1

Department of Commerce 18. 6

Atomic Energy Commission 2.

Department of Transporation .5

National Science Foundation . 7

Department of tlie Interior 34. 7

Department of Defense 13. 8

Total 70. 4

Federal research programs in support of shipping activities along

the coasts include improvements in the quality and detail of nautical

charts, enabling ships to operate at maximum efficiency and reducing

navigational hazards along coasts and in harbors. The understand-

ing and control of marine boring and fouling organisms will save

millions of dollars of damage to underwater structures.

The Future

As worldwide mineral demands increase and suppliers turn to lower-

grade ores, costs are likely to rise. Such increases, however, may
be prevented by the discovery of new sources of minerals that can
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FiGUEE 15.—Potential mineral resources of the Atlantic Coast Continental

margin.

Source : Department of Interior.

be economically exploited. Many of these will, of course, continue

to be found on land. But geological samplings have already dem-

onstrated the presence of many minerals on and near the Continental

Shelf. These are newly discovered deposits of sulphur in the Gulf

of Mexico, manganese off the Atlantic and Pacific coasts, and phos-

phorite off our Southeast and California coasts.
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Federal programs are underway for investigating sources of gold,

silver, platinum, and tin in placer deposits along the Pacific and

Alaskan coasts.

New mining teclmology may be required as these programs move

ahead, with unusual opportunities for invention and innovation.

A stable legal framework must go hand-in-hand with technology to

reflect a judicious balance of public and private interests in order

that industry can extend the present geographical boundaries of the

exploitable resources. The Council is working with the Departments

of Interior, State, and Justice, the Public Land Law Review Com-

mission, and other concerned organizations in supporting legal studies

to identify alternative Federal policies and consequences of each.

In looking to the future, the Council identified as an area for special

emphasis the acceleration of Government-wide planning, surveys, and

survey methodology designed to assist the extractive industries on the

shelf. Included in this expanded effort to assess mineral resources

will be:

—expansion of marine science activities of the Geological Survey;

—extension of technological studies of the Bureau of Mines

;

—use of Coast and Geodetic Survey ships and other federally sup-

ported ships to conduct pilot surveys of promising areas

;

—automation of the data processing capability of these ships

;

—economic analyses of identified deposits.

Fiscal year 1968 efforts will be devoted primarily to planning the

expanded effort and to initial work in limited areas of the shelf. In-

tensive pilot investigations of limited areas should provide useful

experience in planning investigations of broader areas of the shelf.
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Chapter X

OCEAN OBSERVATIONS FOR WEATHER AND SEA STATE
PREDICTION

Environmental Prediction

A very substantial part of the Federal effort in marine sciences and

technology is devoted to observation and prediction of the ocean

environment. Every agency is engaged to some extent, but the Navy

and the Environmental Science Services Administration (ESSA)

support the greater part of the effort. Many surveys are conducted

to meet explicit mission requirements; others contribute to the full

spectrum of objectives of the Nation's marine science interests : defense,

fishing, shoreline protection, etc. Where surveys are to be conducted,

by whom, with what instruments, with what priority, and to what

effect could not be evaluated in the short time since the Council was

established, but appropriate steps are being considered in each agency

and across the Government to improve such analyses.

In the meantime, however, one area of civilian need, heretofore

relatively undersupported, has gained emphasis by the Council—the

broadening of an environmental observation and prediction system

of marine data and collection procedures for the purpose of describing

and predicting both the state of the oceans and conditions in the

atmosphere.

Benefits

The economic impact of improved environmental prediction is sub-

stantial. Industrial, commercial, agricultural, and other land activi-

ties directly affected by weather will be better served : building con-

struction; aviation and marine transportation; and recreation. Bet-

ter ice prediction on the Great Lakes would be of economic benefit.

More accurate and longer range warning of tropical storms and hurri-

canes would save lives and property, as suggested by data in Table

XIV and Figure 16.

Improved understanding of the causes of drought conditions and

long-range weather predictions would permit better planning of

water conservation measures for crops and management of municipal

water supplies. Similarly, improved prediction of rainfall will assist

in improving flood warnings which would allow advance application

of necessary control measures.
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Table XIV.— U.S. economic loss from various hurricanes since 1966

[In millions of dollars]

Hurricane Year Damage

Diane...

Audrey.

Donna..

Carla...

Isabella.

Cleo

HUda....

Dora
Betsy...

Alma

1955



Development stage

Hurricane stage

Dissipation stage

Figure 16.

—

Tracks of some hurricanes, 1966

of data becoming available from conventional and satellite-borne

1nstrumentation

.

Video displays and photographs from Tiros, Nimbus, ESSA, Ad-
vanced Technology Satellite 1, Gemini, and other satellites have al-

ready shown that ocean currents, ice masses, estuary flow, and sea-
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bottom contours in shallow water or clear water can be observed from

space (Fig. 17). Manned orbital spacecraft may offer additional pos-

sibilities for onboard photography and data analysis of oceanographic

atmospheric phenomena.

The National Aeronautics and Space Administration is cooperating

with the U.S. Navy via the ICO in organizing a "spacecraft ocean-

ography project" whose purpose is to assess and develop the feasibility

of space research and technology to marine sciences. Similarly,

NASA is continuing its cooperative efforts with ESSA in the develop-

ment of improved spacecraft for global weather measurements.

Air-sea interaction studies have been recognized as key elements to

meet requirements for environmental prediction. Wlien we have the

understanding to make such predictions, we will

:

—have the capacity to make long-range weather forecasts;

—better understand the causes for fluctuations and motions of tropi-

cal storms and hurricanes

;

—be able to develop improved techniques for prediction of devastat-

ing coastal inundations

;

—predict the ice conditions over coastal and open ocean areas;

Figure 17.

—

Vieiv from Oemini IV of the north end of the Gulf of California

showing mouth of Colorado River.
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—predict complex weather conditions such as fog and other coastal

and marine weather phenomena which result when air masses

move across land and ocean

;

—predict the state of the ocean's temperature gradients;

—predict the time and space variations of the oceanic and near-

shore currents.

In turn, these capabilities require : (1) development of instrumenta-

tion to measure the physical processes which take place at the interface

of ocean and atmosphere, and (2) the mounting of controlled and com-

prehensive observational programs in well-defined areas to study the

small-scale processes so that they can be related to the larger scale

atmospheric and oceanic phenomena.

Oceanic Research

Complementaiy to air-sea interaction studies, it will be necessary to

develop a further undei-standing of the dynamics of ocean current

systems themselves; i.e., the relation of the ocean current systems to

the physical state of the ocean, and the thermal and mechanical mech-

anisms and forces which drive the currents and cause their fluctuations

in time and space. A comprehensive program to achieve such under-

standing will require observational studies of ocean current systems

as well as the mathematical simulation of current systems. A proto-

type system for predicting environmental conditions concerned with

antisubmarine warfare and submarine activities is in operation in the

western part of the North Atlantic and a new dynamic prediction

model for the system is being tested. This prototype could be the

forerunner of an improved system with global coverage which will

also provide data valuable both to naval and nondefense marine

operations.

Because of the global nature of the phenomena being studied, synop-

tic observations are necessary, with stations optimally distributed in

the oceans. A system of observation stations, including buoys, is

essential for the implementation of the "World Weather Watch," an

international effort recommended by the United Nations and in which

the United States is planning to participate. Comprehensive World

Weather Watch design studies are presently underway in the United

States and other countries of the world, under the aegis of the World

Meteorological Organization.

First steps are being undertaken toward examining the role of a

variety of ocean data sensor vehicles in such an observation system.

A Government-wide buoy systems study—managed by the U.S. Coast

Guard—will include compilation and analysis of requirements of

all agencies and scientific institutions. Information on existing and
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planned platforms will be consolidated. After a cost effectiveness

analysis, a step-by-step plan for initial implementation of oceano-

graphic-meteorological data gathering buoy systems will be prepared,

together with associated research, development, and implementation

plans.

Improving Prediction—New Areas of Emphasis

As part of an overall effort to improve environmental prediction,

the Council has recommended that the following projects receive

priority attention

:

1. Initiation of a design study to determine which system, and

which combination of marine sensors, platforms, and communication

links, will best serve the needs of the Nation for long-range and relia-

ble environmental predictions.

2. Improvement in marine weather service for

:

—more rational, economical and safe rerouting of marine transport;

—^improved tracking and path prediction of severe storms and hurri-

canes for earlier and improved warnings to fishermen and Con-

tinental Shelf resource developers.

3. Improvement of ocean, surf and nearshore sea state predictions

so that

:

—sea and storm caused destruction of life and property in coastal

communities can be reduced

;

—the design and maintenance of offshore oil and gas rigs, harbors,

sea walls, shoreline habitation developments, and other struc-

tures can be effected, with maximum economy and safety.

4. Implementation of improved Tsunami Warning Service so that

:

—longer range warnings can be given to ships or communities that

may be threatened

;

—a further understanding may be gained of the effects of seismic

disturbances on the oceans, for possible long-range prediction of

such disturbances.

5. Increased emphasis on air-sea interaction research studies and

ocean circulation dynamics which will result in:

—the initiation during the next few years of the first of a series of

increasingly comprehensive field programs of measurement and

observation

;

—increased use of computers for establishing more advanced models

of ocean circulations and their interaction with the atmosphere;

—development of new instrumentation and techniques.

The above priority items are important, but they are not the only

elements of this program. While much of this program is centered
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on ESSA and the Navy, other .agencies are also expected to make

significant contributions from their ongoing programs. A key feature

of the program will be the coordination with other projects and efforts,

such as the data management study, the national Coast Guard-man-

aged sensor platform and buoy study, and the work of international

oceanographic and meteorological groups.
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Chapter XI

ENGINEERING IN THE MARINE ENVIRONMENT

Ocean Engineering

A strengthened engineering component of marine sciences and

technology is one of the objectives set forth in legislation. Engineer-

ing, however, is not an end but rather a means—for tools, techniques,

facilities, and services must match requirements for research and for

applications. By a number of circumstances, some the result of

planned marine development, but the most fortuitous contributions

from other fields, we find the technologies ripe for meeting new marine

requirements.

Ships and submarines, undersea cables and tunnels, coastal protec-

tion, and offshore oil operations are examples of successful ocean engi-

neering. These evolve from classical engineering principles, modified

to take into account the different environmental factors and forces of

the oceans, and oriented to the tasks man wants to accomplish in the

sea. Such engineering thus concerns propulsion, materials, sources

of energy, structures, communications, etc. Engineering design must

accommodate such factors as cost, safety, reliability, availability of

components, and ease of maintenance. Implicit, too, is the systems

approach to problem solving, taking into account such environmental

factors as:

—sea surface motion;

—tides and currents;

—wave impact and wind loading;

—heavy hydrostatic pressures;

—large buoyant forces;

—opacity of sea water to electromagnetic energy;

—high attenuation and scattering of light energy;

—high conductivity of sounds;

—lack of gaseous oxygen for man or chemical combustion;

—presence of all common elements in sea water;

—variable two-phase nature of water-bottom interface;

—severe corrosion and fouling.
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National Security

Since the first ship was built, marine engineering and naval archi-

tecture have been vital elements of national security. A fleet, second

to none for more than thirty years, reflects the high technical skills of

the U.S. Naval Establishment, and the significant contributions of

the technical industries that support it. By far the largest fraction

of Federal funds for ocean engineering has been spent in the defense

area and, for some years to come, this is almost sure to continue.

Today, however, new demands are being added. For nonmilitary

as well as military reasons, man is venturing below the thin layer

near the ocean surface to utilize the relatively unexplored and unused

third dimension of the sea.

Search and Recovery—An Area of Emphasis

As noted earlier, an area considered by the Council as deserving

special emphasis concerns a deep-ocean search and retrieval capa-

bility. Steps to increase development in that field are proposed for

the Navy for fiscal year 1968 in the context of that agency's mission.

The Thresher catastrophe dramatized both the compelling reasons

for finding and recovering objects from the deep-ocean bottom, and

the frustrating discovery that, in 1963, this Nation had virtually no

capability to accomplish such tasks in water more than 400 feet deep.

In January 1966, when two U.S. aircraft collided over Spain, the

importance of deep-ocean search and recovery skills was again con-

firmed. The subsequent recovery of an unarmed nuclear weapon

from 2,850 feet of water near Palomares, demonstrated that the

Nation had acquired some capability, embryonic though it might be,

in the three intervening years. The task, however, required three

months, dozens of ships and aircraft, thousands of people, and millions

of dollars. Subsequently, the Navy has conducted a dozen or more

search and recovery operations which not only salvaged especially

valuable aircraft, torpedoes, and other equipment, but also developed

needed experience.

To date, the deepest important recovery was from 3,000 feet, yet

more than eighty percent of the world seas exceed that depth. To im-

prove and extend that capability, the Navy program for fiscal year

1968 contains funds to start the development of a small, manned

submersible and associated equipment capable of operating eventually

at depths down to 20,000 feet. Only deep trenches which comprise

two percent of the world's oceans are deeper. Initial emphasis will be

on development of suitable materials and equipment, and on outfitting

the currently approved 3,500-foot depth rescue vehicles with equip-

ment to gain more practical experience in search and recovery at sea.
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Rescue of Personnel From Submarines

A new system for rescuing personnel from sunken combatant sub-

marines is currently under development to replace the McCann bell

system developed over thirty-five years ago. The central element of

this new rescue system is a 30-ton, 50-foot rescue vehicle capable of re-

moving two dozen people per trip from a disabled submarine. Figure

18 shows how people will transfer from the disabled submarine to the

rescue vehicle. The first prototype rescue submarine is scheduled for

delivery in Jime 1968 and construction of a second submarine begins

the next year. The vehicle can be transported in the C-141 aircraft,

thus enabling the rescue system to respond quickly to a submarine dis-

aster almost anywhere.

Salvage

The Navy program includes development of techniques to raise

sunken ships or large elements from deep water. Studies being con-

ducted now emphasize recovery from continental margin depths

—

1,000 feet or less. For salvage in deeper water, economical solutions

are being sought for techniques for generating large but controllable

lift and buoyancy forces; means of eliminating or minimizing the

adverse effects of sea-surface motion; extension of man-in-the-sea to

Figure 1H.—Artist's sketch of planned U.S. Navy Rescue Vehicle evacuating crew

from disabled submarine.
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deeper depths and for longer duration ; development of tools, equip-

ment, power sources, and underwater workboats to augment man's

capabilities at deeper depths.

Ships and Deep Submersibles

As one of the nine areas for emphasis, the Council endorsed a pro-

posal of the Coast Guard that one of that agency's major ships,

planned originally as a replacement for the twenty-three-year-old

Evergreen on the North Atlantic ice patrol, be designed and outfitted

especially for subpolar oceanography. In addition to ice patrol, it

will be employed to investigate water-mass interchanges in support of

the Navy and will be one of the most effective tools to accentuate a pro-

gram of oceanography in near-Arctic waters.

This is the only new ship for marine sciences being requested for

general observational activities in the fiscal year 1968 program.

To some extent, the slowing down of ship construction reflects the

foresight of decisions over the past few years in funding new ships

in phase with anticipated requirements. It also signals an interval

of taking stock and considering what platforms or devices other than

ships may better serve needs for marine observations. Aircraft, heli-

copters, ground effect machines, and stationary buoys, either manned
or unmanned, offer alternatives to be examined.

The deep-submergence research vehicle is one of the most exotic

new developments in the arsenal of research tools. The Government's

acquisition of the bathyscaphe Trieste in 1957 signaled the begin-

ning of this era, and the privately funded design and construction of

Aluminaut in 1958 constituted a quantum jump in depth capability

of a true submarine. A whole family of such vehicles has followed,

with a wide span of depth, performance, and payload characteristics.

Most have been designed and built by private industry, but more often

than not are deployed on Federal research and development projects.

The evolution of these vehicles, shown in Figure 19, was accompanied

by an initial lag of demand behind supply. 1967 may be the year of

transition. Two Alvin-ty^^ vehicles should be delivered to the Navy
in fiscal year 1968, and unless more small submersibles are built in the

near future, the demand for these craft may exceed the supply.

Of particular importance is the NR-1, the small, nuclear-powered,

ocean engineering and research submersible being constructed by the

Navy which should be ready for operation next year. Its endurance

of thirty days submerged (as compared with a maximum of about

thirty hours for a working dive in today's vehicles) opens significant

opportunities for exploration of the Continental Shelf and for bio-

logical, physical, and acoustic research.

Experience in operation—including the unprecedented mobiliza-

tion of these capabilities for the ordnance search off Spain—^has pro-
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vided lessons pertaining to performance and safety that should guide

design of the next generation of vehicles. To this end, the Council

is planning to collect and make available all possible data that would
assist future development.

Mineral Resources

Determining the extent and quality of sea-floor mineral deposits

with the accuracy taken for granted on land is not yet possible. Even
the crudest of evaluations is expensive and difficult to perform. En-
gineering to modify terrestrial drilling and sampling techniques to

the shallow waters of the Continental Shelf is being intensified by the

Bureau of Mines.

Certification and Standardization

Certification of safe construction, licensing of operators, and stan-

dardization of practices and equipment are vital elements of any
developing technology. A beginning has been made by the Navy and
the Coast Guard in establishing safety specifications and standards

for both military and nonmilitary deep submersibles. For insurance

purposes the American Bureau of Shipping will conduct inspections

of commercial submersibles.

Man-in-the-Sea

The presence of man at the site of his undersea work is usually

advantageous and on occasion essential. Within his physiological

limits, man can go underwater and work as an exposed diver, wear-

ing only a light protective suit and underwater breathing apparatus.

Where the effects of submergence exceed physiological endurance, he

needs the protection of a pressure-proof capsule. Thus protected, he

gains greater mobility, endurance, carrying capacity, and relative

comfort; but he sacrifices manual dexterity, maneuverability, access

to restricted areas, and the ability to use tactile sensing. The goal

of the Navy's man-in-the-sea program is to extend the depth and
duration of penetration into the ocean depths by the unprotected

diver through a series of experiments (called Sealab) in living and
working at several hundred feet depth for many weeks. During the

coming year the Sealab III experiment at 400 feet will be concluded

and preparations will begin for Sealab IV. Continued efforts can

be expected to extend our capabilities to the deepest areas of the Con-

tinental Shelf, seeking solutions to such technical barriers as precise

control of partial pressure of the breathing mixture; communication;

comfort, of personnel; navigation in low visibility; adequate and suit-

able tools.

Much man-in-the-sea technology has been and will be developed by
private industry for such work as petroleum and mineral recovery.
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The Government will encourage such development and strengthen in-

house capabilities in the future since not only the Navy but nearly

every other agency has underwater missions which will be aided by

capable divers.

Test and Evaluation Facilities

In support of the accelerated development of ocean technology,

the Navy is currently operating : a test range off San Clemente Island,

Calif., that will support future Sealab experiments, testing of rescue,

search, and salvage systems; a pressure-test facility at the Marine

Engineering Laboratory, Annapolis, Md.; the Atlantic Undersea

Test and Evaluation Center (AUTEC), a highly instrumented ship

and weapon range located in a 5-mile long, 6,000-foot depth, sheltered

body of water in the Bahamas (that will go into full operation in

1967) ; and its Pacific counterpart, the Barking Sands Tactical Under-

water Range at Kauai, Hawaii.

New facilities will also be needed for nonmilitary development

to meet both Government and private needs. Additional ranges or

laboratories for these purposes have been suggested. Studies will

be undertaken of future requirements, and of the best means for

meeting them.

General Purpose Technology and an Area of Emphasis

To carry out many of the explicit, foreseeable tasks requires a ver-

satile ocean engineering that is not yet in being. No existing agency

has specific responsibility for developing a reservoir of general ocean

technology.

From experience in other areas, some general purpose capability

to meet the unforeseen has also been found essential. Determining

what is needed and which agency or agencies should assume respon-

sibility for such future nondefense developments, will be examined

by the Council.

In support of defense objectives mentioned earlier and as an area

of special Council emphasis, the Navy will initiate key components

in the area of deep-ocean technology, with $5.5 million earmarked

in fiscal year 1968.
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Chapter XII

RESEARCH—THE BASE OF THE MARINE SCIENCE EFFORT

Research Content and Scope

Earlier chapters have been concerned with the application of ocean

science and technology to meet the needs of the Nation. The possi-

bility of meeting each need depends on a strong scientific base. In

the past, the efforts of the Federal Government have been directed

primarily toward strengthening this base, through intensified aca-

demic research, constructing modern ships and laboratories, and sup-

porting education and training to assure a continuing influx of talented

people into this field. The Marine Resources and Engineering Devel-

opment Act of 1966 gives new impetus to the application of our marine

science capabilities. Implementation of that Act, as recommended by

the Council in this document, gives added significance to this year's

Presidential request for fiscal support of academically related research.

Oceanographic research is considered here to encompass (1) scien-

tific exploration, which seeks to answer the questions of how or why,

and (2) geographic exploration which is concerned more with the

questions of what, where, and when. Both basic and mission-related

research are included. Fundamental disciplines are involved, such

as physics, chemistry, biology, and mathematics; so, too, are the earth

sciences and basic fields of engineering.

When science meets the sea, two general groups of scientists partici-

pate. In one group, a scientist may consider himself oceanographer

first and marine biologist second. In the other, the scientist, such as

the microbiologist, looks to the sea as a laboratory, providing special

opportunities to understand his subjects. Both groups are necessary

to the strength of the scientific base.

Research contributions in the marine sciences have come from the

universities, from industry, and from government laboratories.

Research has been conducted both by multidisciplinary teams and by

the physicist, chemist, biologist, or geologist working alone. The

Federal Government has not only drawn on scientific results of com-

pleted research but has continuously sought the advice of non-Federal

scientists as to what should be done and by whom. Close communi-

cation between the Federal Government and the universities has been

a big factor in the success of U.S. science.
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Fiscal Year 1968

Research support proposed in the marine sciences for the next

fiscal year of $138 million is roughly $18 million more than was

appropriated for 1967. Research funding during the past three years

constitutes a constant thirty percent share of the total marine sciences

budget ( See Figure 20) . This also represents a continuing two percent

of the Federal research budget. Most of the 1968 increase is reflected

in the budgets of the Navy, Commerce, and the National Science

Foundation. Details are presented in Part Two of this report. Of
special note is the Foundation's designation of marine sciences as

one of the four fields which deserve increased support in order to

fill hollows in the broad spectrum of research. The task of identifying

areas of marine science which must be strengthened to meet the

national need will not be the sole responsibility of the National Science

Foundation ; this task must also be assumed by all agencies supporting

research in this field, and this area will receive continued attention

by the Council.

Trends

Oceanography, as a field of scientific specialization, is comparatively

new. The first academic degree was granted only thirty-five years ago.

The growth in university training is shown in Figure 21. A 1964

survey funded by the National Science Foundation found 2,650 persons

professionally employed in marine science and technology, of whom



only 616 held degrees related to marine science (353 Ph.D., 176 M.S.,

87 B.S.). The remainder applied their specialized training in other

basic disciplines to oceanic problems. In most universities the field

is one for graduate specialization, and it has been recognized that

research experience should be integrated with formal education. The
Federal budget includes support for student training in a variety of

ways. Some receive fellowships while many more are given the

opportunity to participate in the research supported at the universities

by grants and contracts.

More facilities are becoming available for research. Since 1960

more than fifty ships have been built or modernized and fifty-eight

new laboratories and similar facilities have been established. Others

have been strengthened. New tools and instruments are becoming

available, somewhat the consequence of increased involvement of the

industrial community. Manned deep submersibles are justifying the

vision of their early advocates and are being used increasingly as sci-

entists become aware of their potential. U.S.-built submersibles made

229 dives for research in 1966, as compared to twenty-eight in 1965.

Towed unmanned vehicles are makmg it possible to examine the deep

ocean in new detail, and sophisticated instrument packages, capable

of freefall and recovery, are collecting information long wanted by

the oceanographer. Buoy technology has advanced to the point where

experiments requiring long time series observations can be realistically

planned. Satellite navigation has made available a new precision

in spatial measurement at sea, and the utility of satellite-mounted

sensors for large-scale investigations is being demonstrated.
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Scientific leadership should continue to come from the universities.

As projects continue to grow in complexity and cost, a higher level

of collaboration with industry and Government is likely. More joint

ventures may be expected, with additional consideration of accom-

modating scientists from universities not having major facilities of

their own.

Another type of joint venture in which commercial ships serve as

platforms of opportunity for research has been found to serve the

interests of marine science successfully, economically, and without

interference with the primary commercial missions.
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Chapter XIII

LOOKING AHEAD

Marine science affairs—the subject of this report—is a term intended

to portray the body of oceanic activities that link science and society.

Many of these relationships are old, dating to man's earliest efforts

to extract fish and salt from the sea, and to his earliest explorations

of our planet. But many of the relationships between science and

society are new and still not fully understood.

The development of understanding has begun, however, a develop-

ment that can lead us to our objective : the formulation of public poli-

cies and purposes which will stimulate and guide the many separate

ocean activities and relate them directly to major goals of society.

The major challenges which lie ahead of this Nation do not ter-

minate at the water's edge. Neither do the solutions.

As the world population grows faster than its food supply, the sea

may provide nutrition. As the world demand for energy and minerals

grows faster than the population, resources in and under the sea will

be needed. As coastal cities become more crowded, the quality of

urban living may be enhanced by preserving the natural heritage of

our shoreline.

Two of the programs discussed earlier may serve to illustrate this

relationship to social goals. One is the program for exploiting the

food resources of the sea and the other is weather forecasting.

The food resources program relates directly and immediately to

one of the most urgent of current world problems: the problem of

protein malnutrition. Technological progress with the food resources

program will lead to economic and social gains in protein production,

gains which will have profound world significance. Half the world's

population suffers from some form of protein deficiency. If ocean

fishing methods are improved—through advances in fisheries technol-

ogy and the exportation of that technology to needy nations—a sharp

increase in fish protein production could begin to eradicate protein de-

ficiency among the present world population.

Weather forecasting—another field which relates directly to so-

ciety—is a field whose advancement depends upon man's increased

understanding of the oceans. In the system of heat energy coming to

the earth from the sun, the ocean is the great regulator of weather and
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climate. A network of deep-water buoys, stationed throughout the

oceans as meteorological and oceanographic observation stations, in

conjunction with adequate global atmospheric data obtained from
radiosondes, satellites and balloons, could transmit data to computers

ashore for analysis and prediction. When coupled to high-speed com-

puters, this monitoring system could enable us to improve the accuracy

and time scale of weather forecasts, extending our forecasting capabil-

ities to more than a week ahead, a capability which will be important

to various fields of human endeavor—agriculture, shipping, travel,

health, recreation—indeed, any activity which is affected by weather.

As we extend our understanding of the oceans, this new knowledge

will enable us to determine new technological resources which must be

developed to bring us closer to our goals. We will learn, too, with this

extended understanding, the appropriate role of the Federal Govern-

ment, the interactions of Federal, State, and local interests, and inter-

national cooperation in accomplishing these important tasks.

As use of the seas and Great Lakes expands, immediate steps to

promote international cooperation as well as mitigate conflict and

debilitating rivalry will be needed. Oceans can tie the nations of the

world together more than they separate them geographically. The
sciences of and access to the oceans are universal. Now all nations

must increase their energies to promote the peaceful and cooperative

use of the oceans, so that the ocean's bounty may serve the needs of

mankind.

The time is ripe to apply our knowledge of the sea. To be sure,

there is much that we still do not know—this will always be true

—

but we know more of the sea than our actions toward exploitation

might suggesit. The technology is ready—new structural materials,

miniaturized electronics, computers, nuclear power, underwater ve-

hicles. These tools await utilization.

At the same time, we must continue to nourish the source of this

technology—the sciences from which marine technology derives. The
sciences of the sea are still very young and their potential for mankind
still untapped. Before man can enjoy the benefits of these unex-

plored domains, a body of science must be enlarged from which marine

technology can draw new tools and new clues of fruitful exploration.

A responsibility of the Federal Government in this important un-

dertaking is the development of marine science policies which both

foster and respond to society's dependence on the oceans. But the

rational evolution of such policies cannot come through Federal ac-

tions alone, for this evolution requires a creative partnership among

Federal, State, and local governments, as well as the academic and in-

dustrial communities.

A start has been made by the Marine Sciences Council, in relating

marine activities to broad goals, in selecting areas for special emphasis,
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and in strengthening interagency programs. In the months to come,

the independent analysis of marine science policies, being conducted

now by the Commission on Marine Science, Engineering, and Re-

sources will complement the Federal Government's own studies.

The President's budget proposals for fiscal year 1968 and his activat-

ing the Marine Sciences Council respond lo the legislative mandate of

1966. Both are responses to observations of the President's Science

Advisory Committee that important Federal functions had received

inadequate attention in the past : tha/t there was need at a central point

in Government for the formulation of national marine science policies

which would foster exploration, development, and use of the oceans.

The Marine Sciences Council, being composed of the most senior Fed-

eral officials who have departmental responsibilities in marine sciences

and who report individually, and through the Council collectively, to

the President, serves as a vehicle for imparting direction and mo-

mentum to the collective national effort.

With congressional approval of the President's budget proposals

which are reflected in this report, the Council will have a major re-

sponsibilty to be sure that these steps return dividends and that they

serve as building blocks in a strengthened marine sciences program.

Looking ahead, forward planning on a Government-wide basis will

complement our shorter term initiatives, especially to encourage an

influx of fresh ideas and provide policy officials with a greater aware-

ness of the impact of new options afforded by the marine environment.

Long-range perspectives will then reflect (a) future commitments

for funds that arise from current decisions; (&) the time interval

necessary for training of manpower and development of scientific re-

sources; (c) the long time framework associated with interactions

beween various economic, cultural, and political institutions, and (d)

the longer term impact of man's actions on his environment, so as to

anticipate and moderate detrimental effects.

During the coming months the Marine Sciences Council will give

special attention to a selected number of policy areas

:

—Identification of the goals of the Nation and of society and the

capacity of marine sciences to accelerate progress toward these

goals

;

—The potential contribution of marine science and technology to

world order and peace

;

—The role of the Federal Government along the shoreline and in

the oceans, and methods of cooperation between the Federal Gov-

ernment and States, regions, universities, and private industry;

—The administrative, legal, and technological framework for en-

couraging the rational exploitation of the resources of the sea;

—Further strengthening of the healthy base of scientific research

which characterizes our marine science programs

;
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—Consideration of the optimum Federal organization for develop-

ing and implementing marine science policies and programs, in-

cluding analysis of the recommendations of the Commission on

Marine Science, Engineering, and Resources concerning the Fed-

eral structure being developed independently for the President

and the Congress.

This year. Congress has not been asked to enact new marine science

legislation. The many instruments already provided allow us to move
forward in meeting many of the urgent problems of our times.

In marine science affairs, this year marks an opportunity to de-

velop policies to blend political, economic, and cultural interests that

comprise our democratic society. The task of studyinghow our Nation

may build on our technology and our heritage is truly a monumental
and magnificent opportunity. This report suggests fruitful areas for

intensified effort by all members of the marine science community.
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Section A
Table I : Total Federal program by major purpose and organization

Summary 6j/ major purpose

[In millions of dollars]

International cooperation and collaboration

National security - -

Fisheries development and seafood technology -

Transportation -.

Marine pollution abatement and control - - - -

Health

Minerals, chemicals, water, and energy resources - -

Recreation —
Shore stabilization and protection —
Multipurpose activities:

Oceanographic research '

Education

General purpose ocean environmental observation and

prediction services '

Mapping, charting, and geodesy.. -

General purpose nuclear power engineering development..

.

National data centers - . -

Total _

Actual,
fiscal year

1066

5.1

125.4

38.7

10.4

8.4

5.1

3.8

10.3

1.2

»71.6

2.2

13.7

32.3

3.5

1.7

333.4

Estimated,
fiscal year

1967

7.1

179.7

51.5

19.2

8.5

6.6

5.4

11.5

1.5

55.0

3.3

15.6

33.7

8.7

1.8

409.1

President's
budget,

fiscal year
1968

7.4

191.6

49.2

27.8

9.5

4.2

5.8

13.6

1.7

73.2

5.5

21.1

39.1

10.5

2.1

462.3

I Research beneficial to more than 1 of the headings above.

' Includes Project Mohole.
' Activities supporting more than 1 of the major purpose categories.
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Detail of major purpose by organization

[In millions of dollars]



Detail of major purpose by organization—Continued

[In millions of dollars]

2 Research beneficial to more than 1 of the headings above.

3 Includes Project Moholc.

242-0860—67-



Detail of major purpose by organization—Continued

[In millions of dollars]



Table II.

—

Total Federal program by department and independent agency

summaries

[In millions of dollars]

Actual,
fiscal year

1966

Estimated,
fiscal year

1967

President's
budget,

fiscal year
1968

Department of Defense --

Department of Commerce --.

Department of the Interior

National Science Foundation

Atomic Energy Commission

Department of Health, Education, and Welfare.

Department of Transportation

Smithsonian Institution

State Department
Agency for International Development
National Aeronautics and Space Administration

Total

174.9

25.0

56.5

147.7

8.3

5.4

8.1

1.5

5.0

.1

.9

333.4

235.8

32.5

71.2

29.0

13.7

7.0

10.8

1.6

5.1

2.0

.4

409.1

258.7

36.0

72.3

40.1

15 8

4.8

24.6

1.8

5.4

2.0

462.3

Includes Project Mohole, discontinued In fiscal year 1967.

Table III.

—

Total Federal program hy function and agency

Summary by function

[In millions of dollars]



Detail by function and agency

[In millions of dollars]



Detail hy function and ageytcy—Continued

[In millions of dollars]

Actual,
fiscal year

1966

Estimated,
fiscal year

1967

President's
budget,

fiscal year
1968

RESEARCH AND DEVELOPMENT—Continued

3. Department of the Interior—Continued

(c) Office of Saline Water

(1) Research

(2) Development of new equipment and tech-

nology

(rf) Bureau of Sport Fisheries and Wildlife .

(1) Research _ -.

(2) Development of new equipment and tech-

nology

(e) Bureau of Mines,

(1) Research

(Research ship operating costs)

(2) Development of new equipment and tech-

nology

( /) Federal Water Pollution Control Administration

:

(1) Research-- - -

(?) Bureau of Outdoor Recreation:

(1) Research

(/i) National Park Service:

(1) Research

4. National Science Foundation:

(1) Research

(Research ship operating costs)

5. Atomic Energy Commission

(1) Research -

(Research ship operating costs)

(2) Development of new equipment and tech-

nology

6. Department of Health, Education, and Welfare.

(a) U.S. Public Health Service-

(1) Research — --

(2) Development of new equipment and tech-

nology

(6) Food and Drug Administration:

(1) Research...

(c) Office of Education:

(1) Research

7. Department of Transportation:

(a) U.S. Coast Guard

(1) Research

(Research ship operating costs)

(2) Development of new equipment and tech-

nology

1.0

.4

2.9

1.1

1.8

.1

(.05)

.3

1.5

.1

.4

144.8

(9.1)

8.3

4.9

(.3)

3.4

5.2

4.4

.4

1.6

(1.2)

3.1

1.4

1.7

.3

(.15)

2.0

25.8

(8.3)

13.7

5.1

(.3)

8.6

4.8

3.8

.4

.3

.3

6.6

1.9

(1.2)

4.1

1.6

2.5

1.0

.4

(.3)

2.6

.2

.0

36.2

(10.7)

15.8

5.5

(.3)

10.3

4.7

4.0

3.6

.4

.3

.4

5.9

1.7

(1.2)

See footnotes at end of tabic.
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Detail by function and agency—Continued

[In millions of dollars]



Detail by function and agency—Continued

[In millions of dollars]



Detail by function and agency—Continued

[In millions of dollars]



Table IV.

—

Special analyses: Continental Shelf ; Great Lakes; estuaries

CONTINENTAL SHELF
[In millions of dollars]

Actual,
fiscal year

1966

Estimated,
fiscal year

1967

President's
budget,

fiscal year
1968

Smithsonian Institution

Department of Commerce
Atomic Energy Commission
Department of Transportation

National Science Foundation

Department of the Interior

1

.

Bureau of Commercial Fisheries

2. Geological Survey

3. Bureau of Sport Fisheries and Wildlife

4. Bureau of Mines
5. Bureau of Outdoor Recreation

6. Bureau of Land Management
7. Office of Saline Water

Department of Defense

1. Department of the Army
2. Department of the Navy

Total

0.1

13.0

1.9

.6

26.3

(21. 9)

(1.6)

(1.8)

(.2)

(.1)

(.1)

(.6)

9.9

(1.3)

(8.6)

0.1

15.8

2.0

.5

.6

35.5

(29. 0)

(2.7)

(2.0)

(1.2)

(.3)

(.1)

(.2)

11.8

(2.4)

(9.4)

0.1

18.6

2.0

.5

.7

34.7

(27.8)

(3.1)

(2. 1)

(1.2)

(.2)

(-1)

(.2)

13.8

(2.7)

(11.1)

52.0 66.3 70.4

GREAT LAKES
[In millions of dollars]

Actual,
fiscal year

1966

Estimated,
fiscal year

1967

President's
budget,

fiscal year
1968

Department of Commerce
Department of Transportation

State Department

National Science Foundation

Department of the Interior

1. Bureau of Commercial Fisheries

2. Geological Survey

2. Bureau of Sport Fisheries and Wildlife

4. Federal Water Pollution Control Administration

5. Bureau of Outdoor Recreation

Department of Defense

1. Department of the Army
2. Department of the Navy

Total-.

1.1

.1

3.4

(1.3)

(.1)

(.3)

(1.7)

(0)

2.2

(2.1)

(.1)

7.0

.2

1.1

.2

3.5

(1.4)

(-2)

(.3)

(1.5)

(.1)

2.4

(2.3)

(.1)

7.4

(2)

. 2

1.1

.2

2.6

(1.2)

(.1)

(.3)

(1.0)

(0)

2.8

(2.6)

(.2)

7.0

2Less than $50,000.
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Table IV.—Special analyses: Continental Shelf; Great Lakes; estuaries—Con.

ESTUARY PROJECTS

[In millions of dollars]

Smithsonian Institution

Department of Commerce
Atomic Energy Commission

National Science Foundation

Department of Health, Education, and Welfare

Department of the Interior

1. Bureau of Commercial Fisheries

2. Geological Survey

3. Bureau of Sport Fisheries and Wildlife

4. Federal Water Pollution Control Administration.

5. Ofllce of Saline Water

Department of Defense

1. Department of the Army
2. Department of the Navy

Actual,
fiscal year

1966

Total.

1.0

.1

.5

11.5

19.4

(8.9)

(.5)

(6.9)

(2.8)

(.3)

3.0

(1.8)

(1.2)

25.5

Estimated,
fiscal year

1%7

(2)

(»)

.2

.6

13.5

23.4

(11.8)

(.5)

(7.1)

(3.8)

(.2)

3.2

(1.8)

(1.4)

President's
budget,

fiscal year
1968

31.0

.2

.7

1.4

24.9

(11.2)

(.5)

(9.0)

(4.0)

(.2)

3.5

(2.0)

(1.5)

30.8

1 Construction accounts for $11 in fiscal year 1966 and $2.1 in fiscal year 1967.

2 Less than $50, 000.

Table V.

—

Excess foreign currency programs

EXCESS FOREIGN CURRENCY PROGRAMS

[In millions of dollars]

1. Fishery development and seafood technology:

(a) Department of the Interior:

(1) Fishery resources assessment, development,

and management

2. Multigoal activities:

Oceanographic research:

(a) Department of Commerce (Environmental Science

Services Administration)

:

(1) Storm surge studies

(2) Physical oceanography

(6) Smithsonian Institution:

(1) Specimen research

Data centers:

(o) Smithsonian Institution:

(1) Service operations

Actual,
fiscal year

1966

0.3

(')

Estimated,
fiscal year

1967

0.5

(')

President's
budget,

fiscal year
1968

0.1

1.3

Less than $50,000.
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Section B

Tablk I.

—

A selected list of oceanographic research ships, United States and

foreign

NAVY SURVEY/RESEARCH SHIPS '

Name



Table I.

—

A selected list of oceanographic research ships, United States and

Foreign—Continued

ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION SHIPS—Continued

Name



Table I.

—

A selected list of oceanographic research ships, United States and

Foreign—Continued

U.S. COAST GUARD SHIPS—Continued

Name



Table I.

—

A selected list of oceanographio research ships, United States and

Foreign—Continued

BUREAU OF COMMERCIAL FISHERIES SHIPS—-Continued

Name Displace-
ment

Crew Scien-
tists

Age Mission

Delaware.

Delaware II...

John N. Cobb.

Oregon _--

Oregon II

PribUof.

518

680

250

410

906

1,893

1937

1968

1950

1946

1967

1954

Fishery exploration and gear

research.

Do.

Do.

Do.

Do.

Cargo ship serving the Pribilof

Island seal management
program.

BUREAU OF MINES SHIPS

Grass Valley.

Virginia City.

500

1,235

1945

1943

Marme mining.

Do.

BUREAU OF SPORT FISHERIES AND WILDLIFE SHIPS

Dolphin. 400 7 1953 Marine game fish research.

PRIVATE INSTITUTIONS—SHIPS

UNIVERSITY OF WASHINGTON

Brown Bear

Hoh -
Thompsm (AOOR)"-

SCRIPPS INSTITUTION OF

OCEANOGRAPHY
Agassiz

Argo

Horizon

Oconostota

Paolina-T

Washingtm (AQOR)" ---

Alpha Helix

AGOR (new design)"

OREGON STATE UNIVERSITY

Yaquina n -

TEXAS A. & M. COLLEGE

Alaminos '<

UNIVERSITY OF MIAMI

Gerda

J. E. PiUsbury.

750

91

825

2,079

900

206

170

512

UNIVERSITY OF ALASKA

Acona.

HUDSON LABORATORY

Josiah Gibbs

See footnotes at end of table.

135

935

2,800

1934

1943

1944

1944

1944

1944

1944

1965

1968

1944

1944

5



Table I.

—

A selected list of ocemwgraphio research ships, United States and
Foreign—Continued

PRIVATE INSTITUTIONS—SHIPS—Continued

Name



Table I.

—

A selected list of ocea)iographic research ships, United States and

Foreign—Continued

SELECTED LIST OF FOREIGN SURVEY/RESEARCH SHIPS i

Name

AEGENTINA

Alferez Mackinlay. .

.

Bahia Blanco

Capitan Canepa

Chiriguano

Oeneral San Martin.

Madryn _

Sanaviron

Santisima Trinidad.

Uihuaia...

Derwent Hunter.

Diama..

Diamantina

Gascoyne

Lancelin

Peron

Tagula

Wareen

Displace-
ment

195

843

1,250

808

4,854

843

808

2,450

1,275

Crew

(^)

363

96

3 65

170

363

51

173

3 65

Scientists

38

Age

1914

1928

1940

1945

1954

1928

1945

1944

1939

1946

1,490

2,185

140

130

1945

1943

65-foot research vessel

Two 40-foot research vessels.

Hinders

West Hinder.

BERMUDA

65-foot research vessel...

CHINA (communist)

Ex-Chung Ning.

Ex-Futing

CHINA (nationalist)

Chiao Shan.

Ching Tien.

Yang Min..

Ombango.

Yara

(Unnamed)

-

Biologen.

Dana
Eriica Dan..

Freja

Hejmdal

Jens Voerer.

NeUaDan..
Ophelia

108

72

419

200

160

170

535

880

2,647

322

705

3,675

12

21

J 85

340

340

9

35

1938

1944

1950

1939

1943

1895

1937

1958

1938

1935

1960

1961

See footnotes at end of table.
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Table I.

—

A selected list of oceanographic research ships, United States and
Foreign—Continued

SELECTED LIST OF FOREIGN SURVEY/RESEARCH SHIPS «-Contmued

Name

Almirante Saldanha.

Argus

Canopus

Emilia

Jose Bonifacio

Orion

Rio Formoso

Sirius

Taurus

(Unnamed)

Displace-
ment

3,825

300

1,463

Crew

3 456

3 102

Scientists Age

1934

1962

1958

71-foot power vessel.

A. T. Cameron.

Baffin

Beacon HiU
Calanus

Ehkoli

Fort Frances

Harengus

Investigator

Labrador

New Liskeard...

Oshawa

Port Dauphine..

SackvUle

Ste. Catherines..

Stone Town
WhUethroai

Explorador.

Yelcho

FEDEEAL EEPUBUC OF GERMANY
Allair

Anton Dohrn

Frithjof

Gauss

Hooge

Meerkatze

Neptun
Poseidon

Ruden
Rungholt

Suderoog

Uthorn

Wattenberg

Wega

78-foot research vessel

FINLANT)

Aranda

See footnotes at end of table.

1,300

300

M52

1,463

300

700

3 102

16

4,203

2,250

42

154

1,040

110

6,000

1,040

1,040

319

1,177

1,368

1,368

580

90

1,732

110

1,000

543

846

109

673

950

109

110

415

68

110

1,100

25

72

140

3

17

43

39

9

90

40

43

13

31

43

43

26

87

29

40

3 13

3 24

6

3 13

17

1900

1962

1958

1962

1962

22

1958

1944

1954

1944

1944

1941

1943

1944

1944

1962

1943

1955

1920

1941

1943

1961

1957

1956

1942

1953

12s

242-OS6 O—67-



Table I.

—

A selected list of ocearwgraphic research ships, United States and

Foreign—Continued

SELECTED LIST OF FOREIGN SURVEY/RESEARCH SHIPS i—Continued

Name Displace-
ment

Crew Scientists Age

Amaltha

Amiral Mouchez.

Antedon —
Calypso --

Duthiers

Estafette..-

Ingenieur Hyd Nicolas.

Octant

Origny

Pluteus II --

Roselys

850

719

360

500

800

800

75

30

'91

12

1961

1937

10 1942

1944

1944

1944

1956

1953

Sentinelle

Tltalassa

45-foot research vessel.

77-foot research vessel

-

GERMAN DEMOCRATIC REPUBLIC

Gadus.

500

1,481 32

1944

1960

Helmut Just

Johann Kruger.

Robert Koch

182-foot trawler.

129-foot logger.

-

Alkyoni.

Ariadni.

Vegas...

GREENLAND

Jensen.

475

475

1,520 344

252

338

213

1952

1951

1955

1942

HONG KONG

Cape St. Mary.

169-foot research vessel.

Bangada.

Conch—
Kalava...

1956

Kistha - -

Medusa.

Mysis...

Varuna.

1,900 1214 1943

Burdjamhal.

Samudera . .

.

Cu Feasa.

ISRAEL

68-foot power vessel -

See footnotes at end of table.

1,200

541

3 90

27

1961

1953

1951
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Table I.

—

A selected list of oceanographic research ships, United States and
Foreign—Continued

SELECTED LIST OF FOREIGN SURVEY/RESEARCH SHIPS «—Continued

Name



Table I.

—

A selected list of oceaywgraphio research ships, United States and
Foreign—Continued

SELECTED LIST OF FOREIGN SURVEY/RESEARCH SHIPS i—Continued

Name Displace-
ment

Crew Scientists Age

NETHERLANDS
Cirrus

Cumulus
Dreg I.

Dreg II.

Dreg III.

Dreg IV
Hydrograaf

Luymes ._

Max Weber.

Snellius

Willem Beukelsz.

Zeefakkel..

NEW CALEDONIA
Orsom III.

NEW ZEALAND
Ikalere...

Lachlan.

Taranui.

Viti

1,930

1,819

46

46

46

46

260

1,100

44

44

3 10

3 10

3 10

3 10

3 19

3 108

1,100

205

355

'108

12

329

1943

1943

1950

1950

1951

1951

1910

1952

1952

1956

1951

1,490 140

17

12

100

35

160

1944

1940

Asterias

Fridtjof Nansen.

.

G. M.Dannevig...

a. 0. Sars

Gunnar Knudsen.
Helland-Hansen.

.

Johan-Hjort

Peder-Ronnestad..

Sverdrup

Macchera..

Madagar...

New Hope.

Zulfiquar..

145-foot researcli vessel.

PHILIPPINES

Sequoia.

POLAND

Baltyk

Hydrograf I

Imor

Kompas
Kontroller I

Koziorozec

Michael Siedlecki H.
Zodiac

See footnotes at end of table.

670

61

58

56

950

50

186

1,030

172

400

1,682

1,611

1.057

1,000

82

140

140

82

219

140

3 30

3 15

3 30

2



Table I.

—

A selected list of oceanographic research ships, United States and

Foreign—Continued

SELECTED LIST OF FOREIGN SURVEY/RESEARCH SHIPS i—Continued

Name

Almiraiite Lacerda

Azevia

Baldaque de Silva

Bicuda

Carvalho Arauso

Comandante Carvalho.

CoTvina

Dourada

EspadiUia

Gerard Treca.

112.. --

H3..
Juan de la Com

.

Malaspina

Tofinyo

Xauen...

Albatross.

Ejdern

Grisslav.

Gustaf KlirU

Johan Nordenanckar

.

Kompass
Mussen
Nils Stromcrona

Petter Gedda..

Ran -

Svanlan

Svartari.

Svenskund

Tarnan

104-foot research vessel

-

Arar

Bulur

Carsamba.

Gezer

Goeruer

Displace-
ment

Crew Scientists

672

200

200

1,020

672

200

200

200

256

256

770

990

990

700

1,185

80

50

650

210

50

50

140

135

260

140

50

415

50

3 25

90

325

3 25

3 25

3 130

3 130

Age

1941

1942

1942

1942

1941

1942

1942

1942

1935

1935

1933

1942

1916

1940

1941

1924

1938

1940

1894

1924

1945

1881

1940

1891

1940

1,150

UNION OF SOUTH AFRICA

Africana II

John D. Gilchrist

Kunene
Natal

Protea

Sardinops

Trachurus

1,300

95

85

1,435

1,020

341

85

30

6

9

120

3 100

15

9

1950

1947

1944

1941

See footnotes at end of table.
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Table I.

—

A selected list of oceanographic research ships, United States and
Foreign—Continued

SELECTED LIST OF FOREIGN SURVEY/RESEARCH SHIPS



Table I.

—

A selected list of oceanographic research ships, United States and

Foreign—Continued

SELECTED LIST OF FOREIGN SURVEY/RESEARCH SHIPS i—Continued

Name Displace-
ment

Crew Scientists Age

UNION OF SOVIET sociAusT REPUBLICS—Continued

Poliarnik-.

Polyarnyi.

Priboi

Prof. Maiattev.

Prof. RvdovUt..

Prof. Vasnetsov.

Sergery Vavilov.

Sevastopol

Severyanya

Sorakoram

SRTi509
Srt Oonett

SHGrot
Topaeda.-

Val -

446

1,300

20

3 80

1952

1937

626

4,600

2,447

1,050

66

3 60

26

1952

1960

1951

230 20 1950

Variometr

Vchs Danilevski-

Veit...

VUiaz

Vorovski

Zarta

Zenit

Zhemchug

Zuii

640

5,710

2,300

580

3 100

285

25

73 1939

18 1900

UNITED ARAB REPUBLIC

Mabahess.

UNITED KINGDOM

Alexander Meek.

Calanus

422

640

23

3 100

1950

Cape St. Mary.

Clione

Clupea

781

1951

1961

Cook

Dairymple

Dampier

Discovery

Echo

Egeria

Enterprise

Ernest Holt

Explorer

Explorer II.

Manihine

Mara
Meda
Owen
Plalessa

Sarsia

Scotia

Scott

Shackelton

Sir William Hardy.

SMLSU

1,600

1,600

1,600

2,800

160

160

160

1.000

135

135

135

40

16

16

16

24

338

208

60

46

1,600

200

319

18

8

3 11

135

11

19

1945

1945

1945

1962

1958

1958

1958

1948

1955

1906

1938

1945

1946

1953

830

830

384

3 84

16

3 11

1937

1937

1955

See footnotes at end of table.
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Table I.

—

A selected list of oceanographic research ships, United States and

Foreign—Continued

SELECTED LIST OF FOREIGN SURVEY/RESEARCH SHIPS '—Continued

Name Displace-
ment

Crew Scientists Age

UNiTTD KINGDOM—Continued

Sula

Telllna

Vidal

William Herdman.

4 Weather-claSs. .

.
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Table II.

—

A selected list of undersea research vehicles, United States and
Foreign—Continued

U.S. UNDERSEA RESEARCH VEHICLES—Continued

Vehicles Owner/operator Operating depth
(ft.) and endurance

Pay-
load
Gbs.)

Crew
Range
(nau-
tical

miles)

Autec (1968).

Beaver Mark IV il^es).

Benthos V(1963)

Culrmarine PCSA (1964).

CtLbmarine PCSB (1963).

Cubmarine PCS (1967)...

Deep-Jeep (1964)

Deepquest (1967).

Deep Submergence, Rescue

Vehicle (1968).

Deepstar S,000 (1967)

Deepstar i,000 (1966)..

Deepstar SO,000 (1969).

Deepview (1967)

Dolphin AG (SS) S6S.

Dowb (1966)

Grouper (1942, converted

1964).

GSV-1 (1969)

Hikino (1968).

Moray (TV-IA) (1964).

NR-1 (1968)

Perry-Link Deep Diver

(1967).

Pj:-/5(1967)

Stor /(1963)

Star II (ASHERAH) (1964).

Star/// (1966)

7>teate//(1964)...

Watercoupe (1967)

.

General Dynamics/Atlantic

Underwater Test and

Evaluation Center.

North American Aviation...

Lear Siegler, Inc

Perry Submarine Builders,

Inc./Ocean Systems, Inc.

do

do

6,500; 8 hours.

2,000

600; 2 hours.

300; 8 hours.

Naval Ordnance Test

Station, China Lake,

Calif.

Lockheed Aircraft Corp./

Lockheed and Missiles

Space Co.

U.S. Navy/Deep Sub-

mergence Systems Proj-

ect.

Westinghouse Electric

Corp.

do -

do

U.S. Naval Ordnance Test

Station, China Lake.

U.S. Navy
General Motors Defense

Research Lab.

U.S. Navy

600; 2 hours

1,200; 5 hours

2,000; 4-6 hours...

6,000; 24 hours.

3,500-6,000; 12

hours.

2,000; 8 hours..

4,000; 6 hours

20,000; 8 hours

5,000; 8 hours

1,200

1,500

400

750

950

1,000

200

3,400

400-

1,000

350

1,000

800

6,500; 81 hours.

60 days

1,000

Grumman Aircraft Engi-

neering Corp.

U.S. Naval Ordnance Test

Station, China Lake,

Calif.— .do

U.S. Navy/Special Proj-

ects Office.

Perry Submarine BuOders,

Inc./Ocean Systems, Inc.

Grumman Aircraft Engi-

neering Corp.

Electric Boat Co., General

Dynamics Corp.

Electric Boat Co., General

Dynamics Corp./Uni-

versity of Pennsylvania

Museum.
Electric Boat Co., General

Dynamics Corp.

U.S. Navy/COMSUBPAC.
Bruce Industries, Calif

2,000; 1 month..

Unlimited; 4

hours.

3,5C0; 3.6 hours.

30 days

1,300; 8 hours..

2,000; 6 weeks.

200;3hrs

600;8hrs-

2,000; 10 hours.

20,000; 5 hours.

600; 48 hours..

16,000

400

150-200

2,200

1,500

2 7-9

200

250

1,000

20.000

400

2-6

2

2

6-8

2

2

7

4

5-6

1

2

131



Table II.

—

A selected list of undersea research vehicles. United States and

Foreign—Continued

FOREIGN UKDERSEAS RESEARCH VEHICLES

Vehicles



Table III.

—

Laboratories and Institutions—Continued

District of Columbia

:

Biological Laboratory—B.S.F. & W.
Icthyological Laboratory—BCF.
National Oceanographic Data Center—Multiagency.

Oceanographic Sorting Center—Smithsonian.

U.S. Coast Guard Oceanographic Unit—Department of Transportation.

Florida

:

Biological Laboratory (2)—BCF.
Eastern Gulf Marine Laboratory—B.S.F. & W.
Exploratory Fishing and Gear Research Base—BCF.

Tropical Atlantic Biological Laboratory—BCF.

National Hurricane Research Laboratory—ESSA.

Georgia

:

Biological Laboratory—BCF.

Exploratory Fishing Gear and Research Station—BCF.

Hawaii

;

Biological Laboratory—BCF.

Maine

:

Biological Laboratory—BCF.

Maryland

:

Biological Laboratory—BCF.

Engineering Laboratory—C. & G.S. (ESSA).

Institute for Oceanography—ESSA.

Sea-Air Interaction Laboratory—ESSA.

Massachusetts

:

Biological Laboratory—BCF.

Exploratory Fishing and Gear Research Base—^BCF.

Michigan

:

Biological Laboratory—BCF.

Exploratory Fishing and Gear Research Laboratory—BCF.

Great Lakes Research Group— (ESSA).

Great Lakes Water Laboratory—FWPCA.
Minnesota

:

Fresh Water Laboratory—FWPCA.

Mississippi

:

Exploratory Fishing and Gear Research Base—BCF.

New Jersey

:

Sandy Hook Marine Laboratory—B.S.F. & W.

North Carolina

:

Biological Laboratory—BCF.

Radiobiological Laboratory—BCF.

Oregon

:

Water Pollution Control Laboratory—FWPCA.
Rhode Island

:

Narragansett Marine Gamefish Laboratory—B.S.F. & W.

Northeast Shellfish Sanitation Research Center—PHS.
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Table III.

—

Laboratories and Institutions—Continued

South Carolina

:

Biological Laboratory—BCF.
Exploratory Fishing and Gear Research Station—BCF.

Texas

:

Biological Laboratory—^BCF.

Virginia

:

Land-Sea Interaction Laboratory—ESSA.
Norfolk Ship Base—ESSA.

Washington

:

Biological Laboratory—BCF.
Exploratory Fishing and Gear Research Station—BCF,
Joint Oceanographic Research Group—ESSA, University of Washington.

Marine Mammal Laboratory—BCF.
Northwest Research Center—PHS.
Pacific Oceanography Institute—ESSA.
Salmon-Cultural Laboratory—B.S.F. & W.
Shellfish Sanitation Laboratory—FWPCA.

Table III-2.

—

Federal military

Alaska

:

Arctic Research Laboratory (University of Alaska)

.

California

:

Naval Civil Engineering Laboratory.

Naval Electronics Laboratory.

Naval Missile Center.

Naval Ordnance Laboratory.

Naval Ordnance Testing Station.

Naval Post Graduate School.

Naval Radiological Defense Laboratory.

Connecticut

:

Navy Underwater Sound Laboratory.

District of Columbia

:

Army Coastal Engineering Research Center (CERC).

Florida

:

Navy Mine Defense Laboratory.

Maryland

:

David W. Taylor Model Basin.

Naval Oceanographic OflSce.

Naval Ordnance Laboratory.

Naval Research Laboratory.

Navy Marine Engineering Laboratory.

Michigan

:

Army Lake Survey

Mississippi

:

Waterways Experiment Station (Army Corps of Engineers)

.

New York

:

Naval Applied Science Laboratory.
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Table III-2.

—

Federal Military—Ckmtinued

Pennsylvania

:

Naval Air Development Center.

Naval Air Engineering Center.

Rhode Island

:

Naval Underwater Weapons Research and Engineering Station.

Virginia

:

Naval Weapons Laboratory.

Table III—3.

—

State institutions

Alabama

:

University of Alabama.

Alaska

:

University of Alaska.

California

:

Humboldt State College.

University of California ( San Diego) ( Scripps Institution)

.

Connecticut

:

University of Connecticut.

Delaware

:

University of Delaware.

Florida

:

Florida Atlantic University.

Florida State University.

University of Florida.

Hawaii

:

University of Hawaii.

Illinois

:

University of Illinois.

Louisiana

:

Louisiana State University.

Michigan

:

University of Michigan.

Mississippi

:

Gulf Coast Research Laboratory.

New Hampshire

:

University of New Hampshire.

New Jersey

:

Rutgers University.

New York

:

New York University.

State University of New York.

North Carolina

:

University of North Carolina.

Ohio

:

Ohio State University.
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Table III-3.

—

State Institutions—Continued

Oregon

:

Oregon State University.

Pennsylvania

:

Pennsylvania State University.

Puerto Rico

:

University of Puerto Rico.

Rhode Island

:

University of Rhode Island.

Virginia

:

Virginia Institute of Marine Sciences.

Washington

:

Applied Physics Laboratory (University of Washington).

University of Washington.

Wisconsin

:

University of Wisconsin.

Table III-4.

—

Private institutions

California

:

Beaudette Foundationi

California Institute of Technology.

Marineland of the Pacific

Stanford University.

University of Southern, California.

University of the Pacific.

Connecticut

:

Tale University.

District of Columbia

:

American University.

Florida

:

Cape Haze Marine Laboratory.

Nova University.

University of Miami.

Maryland

:

The Johns Hopkins University.

Massachusetts

:

Harvard University.

Masachusetts Institute of Technology.

William F. Clapp Laboratory.

Woods Hole Oceanographic Institution.

New Jersey

:

Princeton University.

Stevens Institute of Technology.

New York

:

Columbia University (Hudson Laboratories, Lamont Geological Observatory).

Cornell University.
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Table III^.—Private Institutions—Continued

North Carolina

:

Duke University.

Ohio:

Battelle Memorial Institute, Columbus Laboratories.

Pennsylvania

:

Lehigh University.

University of Pennsylvania.

Washington

:

Battelle Memorial Institute, Pacific Norhtwest Laboratory.

Walla Walla College.

Bimini, Bahama Islands

:

American Museum of Natural History, Lerner Marine Laboratory.
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Section A

Table I

—

Largest oceans and seas in the world, showing area, average depth, and

maximum depth

Oceans and seas

Pacific Ocean

Atlantic Ocean

Indian Ocean

Arctic Ocean

Mediterranean Sea-

South China Sea-
Bering Sea

Caribbean Sea

Gulf of Mexico

Okhotsk Sea

East China Sea

Yellow Sea ---

Hudson Bay
Sea of Japan -

North Sea

Black Sea ---

Red Sea

Baltic Sea

Area



Table III.

—

Inland water areas of the United States, by regions

[In square miles]

Locality



Section B

Table I.

—

U.S. fishing fleet, 1964, by period of construction

Period in which
constructed



Table III.

—

Number of fishermen and other persons employed in wholesaling and

manufacture of fish products in the United States, 1964

Region



Table IV.

—

Employment in selected ocean-related industries in coastal States

(including those bordering the Great Lakes), 1966

All coastal States

Alabama
Alaska ,

California

Connecticut - -

.

Delaware

Florida

Georgia -

Hawaii

Illinois

Indiana

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi --

New Jersey

New York —
North Carolina.

Ohio

Oregon

Rhode Island

South Carolina*

Texas

Virginia

Washington

Wisconsin -.

Selected
indus-
tries

(?)

297,509

4.060

702

36,297

»768

3 462

20,238

4,963

3 2, 197

3 4,506

3 640

3 23,646

6,091

20,487

13, 112

4,961

1,766

3 2,335

3 20. 770

45,704

3,756

3 7,452

6,635

1,712

2.445

31,339

3 8, 177

18,332

3,956

Fisheries

13, 021

43

2.377

104

(?)

1,614

130

86

950

346

100

3,354

138

90

124

245

216

130

129

127

75

1,349

76

647

102

Manufacturing

Canned
or cured
seafood

12.906

(2)

4,733

(2)

236

173

234

1.631

721

631

278

391

920

236

613

293

(2)

1,127

Fresh or
frozen
pack-
aged
flsh

18, 762

128

936

2.705

1.915

(2)

885

424

1.712

2.770

109

311

310

385

461

(2)

159

2.212

2,542

798

Ship and
boat

building
and

repairs

79, 745

(2)

10, 766

(»)

119

8,420

1,507

(2)

1.024

(2)

(2)

3,667

9.092

1.716

3,414

1.304

(2)

9.046

3.976

994

2,757

1,989

829

529

(2)

7,744

3.269

Water
trans-
porta-
tion I

158, 626

3,141

659

16,504

569

343

5,626

1,140

1,950

2.698

640

19,265

474

8,120

3,494

1.066

372

1,521

10,007

38,853

1,110

4,370

3,254

573

1,307

19,358

4.350

7.414

448

Whole-
sale

trade:
Fish
and

seafoods

14, 449

322

981

95

1,637

271

74

464

915

459

832

1,500

343

190

486

1,631

815

195

189

183

82

837

1,209

602

137

1 Excludes employment on oceanbome vessels.

2 Denotes figures withheld to avoid disclosure of individual reporting units.

3 Does not include figures withheld to avoid disclosure of individual reporting units.

< These are 1964 data; 1965 not available.

NOTES

Employment as shown here is the reported wage and salary employees of private nonfarm employers and
certain nonprofit organizations covered under the Federal Insurance Contributions Act. The data are as

of the pay period including Mar. 12, 1965.

Entries for "all coastal States" do not necessarily equal total for United States, since some ocean-related

industry Is conducted in inland States.
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Section C

Table I.

—

U.S. oil and gas drilling activity and production: total and offshore,

1958-64

WeUs



Table II.

—

Estimated value of offshore production of crude oil and gas, by State,

1960-1964

[Millions of dollars]

Year



Table III.

—

Industrial expenditures on offshore oil and gas leases, by States and
recipient governments, 1954.-64, inclusive

[Millions of doUars]

Year



Table V.

—

Fish products manufactured in the United States, 1958 and 1960-65

[Q=quantity in million pounds; V=value in million dollars]



Table VII.— U.S. imports and exports of fishery products, edible and nonedible,

1965

[Quantity in million pounds; value in million dollars]



Table VIII.

—

Reporting units, selected ocean-related industries in coastal States

(including those bordering the Great Lakes), 1965



Table IX.

—

Taxable payrolls reported to Social Security Administration by

establishments in selected ocean-related industries in coastal States (including those

bordering the Great Lakes), first quarter 1965

Selected
indus-

tries total
Fisheries

Manutacturing

Canned
or cured
seafood

Fresh or
frozen

packaged
ash

Ship-
buildlig
and boat-
building
and

repairs

Water
trans-

portation

Whole-
sale

trade,
fish and
seafood

All coastal States.

Alabama
Alaska

California

Connecticut -

Delaware

Florida

Georgia

Hawaii

Illinois-- - -..

Indiana

Louisiana

Maine
Maryland
Massachusetts

Michigan

Minnesota

Mississippi

New Jersey

New York
North Carolina

Ohio

Oregon

Rhode Island

South CaroUna*

Texas

Virginia

Washington

Wisconsin

2 365, 493 2 14,864 2 11,506 2 12, 820 2 119,356 193, 738

2 3,360

833

61, 780

2 896

2 459

20,369

3,624

2 3, 695

2 6,643

2 1,085

2 20, 907

6,840

22,844

15, 214

6,451

1,989

2 1,790

2 27, 082

62,653

2,505

2 10, 962

11,708

1,849

2,387

26,769

2 5,043

30,698

4,968

195

54

2,988

154

1,522

70

76

5,314

87

836

W

(')

127 1,732

1,117

167

258 (')

959

420

77

4,723

212

40

96

310

191

131

179

218

34

1,156

42

925

92

536

433

518

262

334

285

687

3,012

210

794

1,001

30

27

250

418

O
310

1,098

44

1,379

1,107

1,109

19,784

«
182

10,377

1,547

1,537

(')

(')

4,779

14, 650

2,465

4,334

1,377

(')

14,479

6,363

999

3,979

3,698

§57

652

10,763

(?)

13, 426

4,108

2,839

779

32,558

734

277

5,217

684

3,436

4,061

1,085

18,641

540

6,417

3,064

1.502

572

1,349

11,193

52, 177

819

6,598

6,771

586

1,420

12,859

3,353

13,565

642

13,209

239

1,300

1,394

206

92

ni

437

383

495

,688

403

108

366

2,384

380

254

181

188

48

612

541

575

126

' Does not include payments to employees aboard oceanbome vessels.

2 Does not include figures withheld to avoid disclosure of individual reporting units.

' Denotes figures withheld to avoid disclosure of individual reporting units.

* These are 1964 data; 1965 not avaOable.

Note.—"All coastal States" entries do not necessarily equal total for the United States since some ocean-

related industry is conducted in inland States.

Taxable payrolls is the amount of taxable wages paid for covered (imder F.I.C.A.) employment during

January-March 1965. This is generally the total wages paid for the first quarter, except for employees
paid at rates in excess of $19,200 per year.
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Section D

Table 1.—World catch, by major fishing areas, 1938, 1948, 1958 and 1961-66

[Live weight in million metric tons]



Table II.

—

U.S. fish and shellfish catch and value, hy U.S. regions, 1964

[Thousands of pounds and thousands of dollars]

Regions of the



Table lY.—Disposition of world fish catch, 1938, 1948, 1953, and 1958-64

[In million metric tons]



Section E

The following information is based on the synoptical tables con-
cerning the breadth and juridical status of the territorial sea and
adjacent zones prepared for the 1958 and 1960 Geneva Law of the Sea
Conferences, and additional information available to the Department
of State as of January 25, 1967.

Table 1.—Breadth of territorial sea and fishing jurisdiction claimed by members
of the United Nations system

Country



Table I. Breadth of territorial sea and fishing jurisdiction claimed "by members

of the United Nations system—Continued

Country

Greece

Guatemala.-.

Guinea

Haiti

Holy See

Honduras
Hungary
Iceland

India

Indonesia

—

Iran

Iraq

Ireland

Israel

Italy

Ivory Coast

-

Jamaica

Japan

Jordan

Kenya
Korea.-

Kuwait
Laos -

Lebanon -

Liberia

Libya

Luxembourg
Malagasy Republic.

Malawi
Malaysia

Maldive Islands

Mali

Malta —
Mauritania -

Mexico

Mongolia

Morocco

Nepal

Netherlands- -

New Zealand.

Nicaragua

Niger

Nigeria- -

Norway-.

Pakistan.

Paraguay.

Peru

Territorial sea

6 miles- -.

12 miles-

.

130 miles

-

6 miles. .-

No coast-

12 miles-

.

No coast

-

6miles.-

12 miles-

do-..

....-do-.

3 miles-

-

6 miles- -

do...

3 miles.

.

12 miles.

3 miles..

do...

do...

No coast.

3 miles..

.

12 miles..

No coast.

12 miles..

No coast.

Smiles...

No coast.

3 miles..

-

6 miles...

9 miles...

No coast.

3 miles..

-

No coast.

Smiles...

do..-

do....

No coast.

Smiles...

4 miles...

12 miles..

No coast.

Fishing limit

12 miles. -

100 miles

-

12 miles 1

12 miles '.

20 to 200 miles.

6mUes.

(')-

6 miles.

12 miles.

do...

12 miles.

12 miles '.

do....

200 miles.

12 miles.

200 miles.

Other

Continental Shelf including sover-

eignty over superjacent waters.

Exception—6 miles for Strait of Gibral-

tar.

Continental Shelf Including sover-

eignty over superjacent waters.

Plus right to establish 100-mile con-

servation zones. Continental Shelf-

including sovereignty over super-

jacent waters.

See footnote at end of table.
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Table V.

—

Breadth of territorial sea and fishing jurisdicti<m claimed ly members
of the United Nations system—Ck)ntinued

Country

Philippines.

Poland

Portugal

Romania..
Rwanda
San Salvador

Saudi Arabia

Senegal

Sierre Leone

Singapore

Somali Republic

South Africa

Spain

Sudan _

Sweden
Switzerland

Syria.

Tanzania

Thailand

The Gambia
Togo

Trinidad and Tobago.

Tunisia

Turkey
Uganda
Ukrainian, S.S.R

U.S.S.R

United Arab Republic

United Kingdom
Colonies

United States of America.

Upper Volta.

Uruguay
Venezuela

Vietnam.

Yemen
Yugoslavia

Zambia

Territorrial sea

Archipelago

theory.

3miles-.-

6 miles...

12 mUes .

No coast

200 miles

.

12 miles -

6 miles...

12 miles .

.

6 miles...

-.-.do.—

....do....

12 miles .

4mUes ..

No coast.

12 miles.,

--..do—

-

.-..do....

do..

3 miles

.

6 miles.

6 miles . .

.

No coast.

12 miles..

do—.
do.—

3 mUes...

do-...

do....

No coast.

6 miles...

12 miles..

lOmUes-.

No coast.

Fishing limit Other

' 12 miles.

12 miles

.

....'do.

> 12 miles.

Waters within straight lines joining

appropriate points of outermost
islands of the archipelago are con-

sidered internal waters; waters be-

tween these baselines and the limits

described in the Treaty of Paris,

Dec. 10, 1898. the United States-

Spain Treaty of Nov. 7, 1900. and
U.S.-U.K. Treaty of Jan. 2, 1930, are

considered to be the territorial sea.

12 mUes.

.do.

« 12 miles.

12 miles.

12 miles.

20 kilometers

Plus 6 miles necessary supervision zone

.

Territorial sea follows the 50-meter

isobath for part of the coast (maxi-

mum 65 miles)

.

' Parties to the European Fisheries Convention which provides for the right to estabUsh 3 miles exclusive
fishing zone seaward of 3-mile territorial sea plus additional 6-mile fishing zone restricted to the convention
nations.
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