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SEA GRANT COLLEGES

MONDAY, MAY 2, 1966

U.S. Senate,
Special Subcommittee on Sea Grant Colleges,

Ck)MMITTEE ON LaBOR AND PuBLIC WELFARE,
Kingston^ R.I.

The special subcommittee met at 10 a.m., pursuant to notice, at the
University of Rhode Island, Kingston, R.I., Senator Claiborne Pell

(chairman of the subcommittee) presiding.

Present: Senator Pell (presidmg), and Fitzhugh Green, special as-

sistant to Senator Pell.

Senator Pell. This morning we begin hearings by the Special Sub-
committee of the Senate Committee on Labor and Public Welfare on a
bill to establish sea grant colleges and programs.

I think it fitting as we get started to recognize the fact that one of

our senior members of our committee died a couple of days ago.

I know I express the regret and grief of my colleagues at the death of
Senator McNamara whose body is being flown out to his own State
today.
The other members of the subcommittee are : Senator Morse of Ore-

gon, Senator Nelson of Wisconsin, Senator Kennedy of Massachusetts,
Senator Javits of New York and Senator Murphy of California.
All of these Senators are very interested in oceanology and the sub-

ject matter to be discussed, either by virtue of being on the Great
Lakes, or the Atlantic, or the Pacific Ocean. They have a great in-

terest from their States' point of view and they will be participating
in the subcommittee hearings when we are in Washington.
As chairman of this subcommittee, I welcome with pleasure you dis-

tinguished witnesses who bring so much expert knowledge to this vital

subject today.
I am delighted, too, that we can initiate our study of S. 2439 at the

University of Rhode Island which has already established an excellent

record of training and research in oceanology. This is a very appro-
priate spot for planning ocean-oriented programs in the colleges of
this nation—programs designed to exploit in a practical sense the rich

resources and opportunities of the seas and the knowledge we already
have.

(The text of the bill S. 2489 follows :)
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89th CONGRESS ry €% A ^^ ^\
1st Session ^^ ^/\ '%Vl

IN THE SENATE OF THE UNITED STATES

August 19 (legislative day, August 18), 1965

Mr. Pell introduced the following bill; whicli was read twice and referred

to the Committee on Labor and Public Welfare

A BILL
To amend the National Science Foundation Act of 1950, as

amended, so as to authorize the estabhshment and operation

of sea grant colleges and programs 1)y initiating and support-

ing programs of education, training, and research in the

marine sciences and a program of advisory services relating

to activities in the marine sciences, to facilitate the use of the

submerged lands of the Outer Continental Shelf by partic-

ipants canying out these programs, and for other pui'poses.

1 Be it enacted by the Senate and House of Representa-

2 tives of the United States of America in Congress assembled,

3 SHORT TITLE

4 Section ]. This Act may be cited as the "National

•'^ Sea Grant Colleo;e and Proo-ram Act of 19(i5",
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2

1 DECLAEATION OF PURPOSE

2 Sec. 2. The Congress hereby finds and declares

—

3 (a) that marine resources, inckiding animal and

4 vegetable life and mineral wealth, constitute a far-reacli-

5 ing and largely untapped asset of immense potential

6 significance to the United States; and

7 (b) that it is in the national interest of the United

8 States to develop the skilled manpower, including

9 scientists, engineers and technicians, and the facilities

10 and equipment necessary for the exploitation of these

11 -i'esources; and

12 (c) that aquaculture, as with agriculture on land,

1"^ and the gainful use of marine resources can substantially

I'l benefit the United States by providing greater eco-

1^ nomic opportunities, including expanded employment

1^ and trade; new sources of food; new means for the

1^ utilization of water, both salt and fresh ; and other valu-

18 able substances, such as those contained in the vast

19 mineral deposits of the marine environment, advanta-

20 geous to United States citizens and to the Nation's posi-

21 tion in the world; and

22 (d) that, in order to implement these findings, the

23 Federal Government should support sea grant colleges

24 and programs by

—

(1) initiating and sup])()rtiiig programs at sea
25
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3

1 grant colleges for the education and training of par-

2 ticipants in the marine sciences;

3 (2) initiating and supporting necessary re-

4 search and development programs in the marine sci-

5 ences resulting in the acquisition of knowledge of a

6 direct and practical nature, with preference given to

7 programs that translate the findings of basic research

8 to practices, techniques, and equipment applicable

9 to the marine sciences;

10 ( 3 ) encouraging and developing programs oon-

11 sisting of instruction, practical demonstrations, pub-

12 lications, and otherwise, with the object of impart-

13 ing useful information to persons currently employed

14 or interested in the marine sciences, to the scientific

15 community, and to the general public

;

16 (4) encouraging the development of the ma-

17 rine resources by facilitating the use by participants

18 under this Act of such portions of the submerged

19 lands of the Outer Continental Shelf as may be nec-

20 essary and appropriate to carry out the purposes of

21 clauses (I), (2) , and (3) ; and

22 (5) encouraging and facilitating the expansion.

23 development, or creation, of regional "centers of

24 excellence" in the various fields related to tlie

-^ marine sciences, while retainino; the traditional in-
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4

1 tfTcSts of the existing regional institutions and

2 laboratories.

3 GRANT AND CONTRACTS FOR SEA GRANT

4 COLLEGES AND PROGRAMS

5 Skc. 3. (a) Subsection (a) of section 3 of the National

6 Science Foundation Act of 1950 (42 U.S.C. 1862) is

7 amended by striking out the period at the end of clause

8 (9) and inserting in lieu thereof a semicolon, and by add-

9 ing after clause (9) the following new clause:

10 "(10) to initiate and support programs of education,

11 training, and research in the marine sciences and a program

12 of advisory services relating to activities in the marine

13 sciences."

14 (b) Sul)section (a) of section 17 of the National Sci-

15 ence Foundation Act of 1950 (42 U.S.C. 1875) is amended

16 by adding at the end thereof the foUowing: "Notwithstand-

17 ing the provisions of section 9 of the Outer Continental

18 Shelf Lands Act, 10 per centum of all bonuses, rentals,

19 royalties, and other sums (excluding amounts refunded un-

20 der section 10 of such Act) paid to the Federal Government

21 after June 30, 1965, for leases under such Act shall be de-

22 posited in a special account in the Treasury to be available

23 only for appropriations to the Foundation, which are hereby

24 nnthorized. to carry out the purposes of section 3 (a) (10)
."

25 ((•) The National Science Foundation Act of 1950 (42
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,1 U.S.C. 1861 et seq.) is amended by inserting the following

2 new section at the end thereof:

3 "marine sciences

4 "Sec. 18. (a) In carrying out the provisions of section

5 o (a) (10), the Foundation shall consult with scientists and

6 engineers engaged in pursuits in the marine sciences and with

7 agencies of the Govermnent interested in, or affected by,

8 activities in the marine sciences.

9 "(b) The Foundation shall exercise the authority de-

10 rived from section 3(a) (10) in a manner consistent with

11 the declaration of policy stated in section 2 of the National

12 Sea Grant College and Program Act of 1965.

13 "(c) Programs to carry out the purposes of section

14 3 (a) (10) shall be accomplished through contracts with, or

15 grants to, suitable public or private agencies, public or private

16 institutions of higher learning, museums, foundations, indus-

1'^
tries, laboratories, corporations, organiza,tions, or groups of

18 individuals, which are engaged in, or concerned with, activ-

1^ ities in the marine sciences, for the establishment and opera-

2^ tion by them of such programs.

21 " (d) In order to facihtate the carrying out of programs

22 engaged in pursuant to contracts or grants made under the

2^ provisions of section 3(a) (10). the Foundation is author-

24 ized to enter into agreements with the Secretary of the In-

25
terior with respect to the use, jointly or exclusively, by par-
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6

1 ticipants in such programs of such areas of the submerged

2 lands of the Outer Continental Shelf as may be ajjpropriate,

3 which will not cover any part of the Outer Coiitiuentnl

4 Shelf needed for national defense or interfere with or en-

5 danger any operations under any lease maintained or granted

6 pursuant to the Outer Continental Shelf Lands Act.

^ "(e) For the purposes of section 3(a) (10) and this

8 section

—

9 "(1) The term 'marine sciences' means oceano-

10 ,i(rapliic and scientific endeavors and disciplines, engi-

11 neering, and technology in and with relation to the

marine environment, including, l)ut not limited to the

fields oriented toward the development, conservation, or

14 economic utilization of the physical, chemical, geological,

15 and biological resources of the marine environment; the

16 fields of marine commerce and marine engineering; the

17 fields relating to exploration or research in, the recov-

18 ery of natural resources from, and the transmission of

19 energy in, the marine environment; and the fields with

20 respect to the study of the economic, legal, medical, or

21 sociological problems arising out of the management, use,

22 development, recovery, and control of the natural re-

23 sources of the marine environment.

24 "(2) The term 'marine environment' means the

25 ocenns: the Continental Shelf of the TTnited States: the

12

13
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1 Great Lakes; the seabed and subsoil of the submarine

2 areas adjacent to the coasts of the United States to the

3 depth of two hundred meters, or beyond that limit, to

4 where ,the depths of the superjacent waters admit of the

5 exploitation of the natural resources of the area; the

6 seabed and subsoil of similar submarine areas adjacent

7 to the coasts of islands which comprise United States

8 territory; and the natural resources thereof.

9 " (3) The term 'sea grant college' means any suit-

10 able public or private institution of higher learning sup-

11 ported pursuant to the purposes of this Act."
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Senator Pell. First, I wish to extend my sincere appreciation to

Senator Lister Hill, chairman of the Senate Committee on Labor and
Public Welfare, who constituted this subcommittee.
Judging from the plethora of recent bills introduced in both the

Senate and House, volumes of testimony, speeches, articles, and books
on oceanology, it is clear that Americans are beginning to think about
its practical possibilities. Their interest touches all aspects—defense,

industry, science, and recreation. It should be true, as Victor Hugo
once remarked, that there is nothing so powerful as an idea whose time
has come. But the idea of oceanology still needs a push. For there

are many ocean-related ventures in which this Nation is performing
poorly.

Our merchant marine competes badly with other commercial fleets

of the world. Our fishing industry has slipped from second to fifth

place in a decade. Last year, fisheries products' imports equaled more
than one-third of our deficit balance of payments.

If these sagging industries don't catch up, what chance will Amer-
ica have in marine industries of the future, such as : mining of marine
minerals, drilling for oil, extracting dissolved substances, aquaculture,

desalinization, underwater equipment, vehicles and bases of all kinds?

We are not adequately preparing the technology for these new or

potential industries. Costly gaps can appear overnight. The lesson

of sputnik is a painful reminder of weak long-range planning.

So I hope we begin today with a consensus that action is needed to

strengthen the marine sciences and industries. To do this will require

many more people skilled in various disciplines of oceanology. The
sea grant college program will train them in the higher educational

system.

I believe this move is important if wc are to fashion a new "maritime
tradition." We must create an ocean-mindedness, just as we have
built a "space-mindedness" among our citizens, particularly the young.
In short, we must stimulate students to study in this vital, many-
faceted field.

The sea grant college concept parallels the land grant college idea

in its intent to guide education toward practical application of knowl-
edge. We should launch this now in the marine environment as we
did last century in agriculture.

At present, some 50 colleges from 21 States and the District of

Columbia offer courses in the marine sciences. Four of the States are

inland, all bordering on the Great Lakes. Mo9t of these institutions

offer degrees in the marine sciences. A good base already exists for

the sea grant college program. But there are notable lacks.

Only a half dozen colleges now run identifiable courses in ocean engi-

neering or in fisheries training. These are the two areas which might
receive immediate attention under a sea grant college program. This
is not just one more addition to the existing array of oceanologic and
marine programs. It can pull together a number of these and give

them a sharper focus.

The program need not be limited to degree-granting institutions. It

should include the invaluable resources of staffs, ships, shore labora-

tories of such excellent private institutions as the Woods Hole Oceano-
graphic Institution, also the in-house laboratories of Federal agencies.

All of these can contribute to education and training in the marine
sciences and the fields of their applicatioiL
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In discussing this bill we should explore all possible means for its

implementation. I urge the use of the talents, staff, and organiza-
tional structures of an existing Federal agency. Also, all agencies
whose ongoing programs have any bearing on sea grant college pro-
grams should participate in a group advisory basis.

Perhaps a coordinating committee should be established by the
agency having primary responsibility to expedite interagency com-
munication and cooperation.

Also to be discussed is the question of where this new program might
probably be established. I believe there is merit in starting out this
program under the aegis of the Smithsonian Institution, with its tra-

dition of giving temporary haven to various programs and then spin-
ning them off to more permanent sponsors. The important issue here
is how best the considerable knowledge we already have may be profit-

ably exploited as opposed to the development of basic research.
Now, we come to the actual hearing and to the witnesses. Those

of you in the back room, if you can't hear the witness, I wish you would
wave your hand to indicate that you can't hear. I can notice it and
I will ask them to talk more directly into the microphone. If you
can't hear me, you do the same thing.
Now, for our leadoff witness I will call Dr. Francis H. Horn, presi-

dent of the University of Rhode Island, where this hearing is being
held. Before having hirn testify, I would like to pay particular tribute

to him because of the long connection that the University of Rhode Is-

land and he have had with the field of oceanology. The University of
Rhode Island had this long involvement going back to 1937 when a

small marine laboratory was established at the mouth of Narragansett
Bay. And then. 20 years later, in 1958, Dr. Horn came to the Uni-
versity of Rhode Island and issued a report at that time which shortly
proved perfect. He told the board of trustees that some day inner
space will become as important as outer space, and in 1961 Dr. Horn
was responsible for establishing the graduate school of oceanography
presently on the campus. In 1963 Dr. Horn became interested in the
sea grant idea and proposed a conference on that. The National Sea
Grant Conference was held last year in Newport under the sponsor-
ship of Dr. Horn and the Southern New England Marine Sciences
Association.

So, it is with particular pleasure that we welcome Dr. Horn here
today because of all that he has done for oceanology and our State.

Also,, the very fact that this hearing is being held at the university,

and not at or in some Federal building is a tribute, as well, to Dr. Horn
and to the University of Rhode Island. From my own recollection in

the committee this is the first time we have had a hearing not in a Fed-
eral building since I have served on it. Will you come forward. Dr.
Horn, and present your testimony ?

STATEMENT OF DR. FRANCIS H. HORN, PRESIDENT, UNIVERSITY
OF RHODE ISLAND

Dr. Horn. Thank you for those kind remarks, Mr. Chairman. As
you already know, but I will put it on the record, I am Francis H.
Horn, president of the University of Rhode Island, which is one of
the three State supported institutions of higher learning in this State.

As you noted previously, this I believe, is the first time a senatorial
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hearing has been held at a university. We are proud that the Uni-

versity of Rhode Island has that honor. We are grateful to you, sir,

and to the chairman of the full committee. Senator Hill, for holding

this hearing on our campus. May I also express my profound regret

at the death of your colleague on this committee. Senator McNamara.
Senator Pell. Thank you.

Dr. Horn. It is a pleasure to testify here today because I believe

the bill to establish sea grant colleges presents the Nation with a great

opportunity and even greater responsibilities. I believe that we stand

at an important crossroads in the history of the marine sciences in

this country.

After 8 years of intimate involvement with the faculty in what since

1961 has been a graduate school of oceanography and with other peo-

ple working in the marine sciences in this region, I am convinced

that we must provide a more effective educational structure to help

solve the problems involved in harvesting the wealth of the oceans.

If we don't seize this opportunity, I'm afraid others will. A Rus-
sian scientist summed up the outlook this way : "The nation which
first learns to understand the seas will control them, and the nation

which controls the seas will control the world." In other words,

whether we realize it or not, we are now engaged in a race to see who
will control the inner space of the oceans.

While our eyes are focused on the heavens, I hope we don't lose sight

of what is happening right off the shores of this and every continent in

the world. Many informed observers claim that the Russians are seek-

ing mastery of the seas, not only for the wealth to be realized, but also

because this control provides a unique instrument of foreign policy.

For instance, Russia's advanced knowledge in fisheries is being used

to win them new friends among the underdeveloped nations of the

world. Tons of Russian fish are being landed for consumption in

Africa and in other parts of the world. Millions of people have bene-

fited from the addition of fish protein to their diet, and Russian pres-

tige has been advanced.
While we struggle in this country to salvage a faltering fishing in-

dustry, Russian factory ships and fishing vessels cruise the major ocean
highways and establish port and other facilities in strategic locations

astride the avenues of ocean commerce.
While we in the United States attempt to coordinate the activities

of dozens of Federal agencies concerned with marine activities, we
learn that the Russians have recently organized a National Council for

the Utilization of the Resources of the Sea. The function of this latter

group is to speed up economic and political exploitation of the sea.

If time would permit, I am sure other examples could be developed
of how we suffer m comparison to rising Soviet excellence in oceanog-
raphy and the marine sciences at present. However, I believe it will

become evident in the course of these hearings that we need a national

oceanographic policy that places major emphasis on the utilization

of the brains and talents in our institutions of higher learning.

The partnership between the Federal Government and our colleges

and universities has been most successful in the past. I see no reason
why we shouldn't adapt it to today's needs.

I emphasize the word "partnership." This is what is being sought
in this sea grant college bill.

62r-996 0—66 2
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It is being proposed that the Federal Government and the Nation's
colleges and universities enter into an alliance for exploring and har-
vesting the seas. This effort would be financed with 10 percent of the
funds received by the Federal Government from the lease of lands on
the Continental Shelf.
An official of the U.S. Interior Department has said that $17 million

a year could be expected as the 10-percent share from leases granted
primarily for the extraction of oil, gas, and sulfur from the underwater
property. What can the Nation expect by the way of return from the
Goverimient's investment in this partnership ? There are two ways to
answer this question. You can begin by examining partnerships of
a similar nature which are already in existence. In looking around
for parallel situations, it is inevitable that we focus our attention, at
least briefly, on the land grant colleges and miiversities.

Here we have a vigorous eductional system founded on the principles
of public service, education for "the industrial classes," and research.
In the case of research, a wise balance was struck between projects of
an applied nature, where a short-term benefit or economic gain has
been the goal, and investigation of a long-range nature, where the
object has been to advance man's basic knowledge of life processes.
At the time of their establishment, the land grant colleges repre-

sented a sharp break with educational tradition and the prevailing
views about classical education imported from Europe. The land
grant concept is distinctly American in character. It incorporates
the democratic ideals of the frontier and of our pioneer forefathers

—

the idea that each man should progress in accordance with his abilities,

and the idea that almost any problem can be solved, given the proper
tools, time, and knowledge. Parenthetically, it is interesting to note
that many of today's emerging nations are looking toward the Ameri-
can land-grant system for guidance in framing their owm programs of
higher education.

If we examine the record, the optimism of Senator Morrill and Jona-
than B. Turner was not unfounded.
Today, although the land grant colleges comprise only 5 percent of

all the colleges and univereities in the United States, they enroll one-
fifth of the students and conduct the world's largest off-campus edu-
cational programs. Research centers at land grant institutions came
up with such scientific achievements as hybrid corn and streptomycin.
The unparalleled efficiencies achieved in agriculture have given this

Nation a surplus of food and fiber. But even more important, these
efficiencies released a surplus of people from the farm so they could
contribute elsewhere to our industrial and economic growth. For in-

stance, it has been estimated that if output per man-hour had remained
the same in the last half century, we would need to employ over 29 mil-

lion persons today in agriculture. Actual employment in the field of
agriculture is less than 7 million persons.

This then is the educational pattern followed under the land grant
legislation which the National Manpower Council has called the most
important single Government step in connection with the training of

scientific and professional personnel.

A variation of this formula came into being—more as a matter of

necessity than anvthing else—during and after World War II. The
Government mobilized the scientific know-how of the universities, first

to help win the war, and secondly to assist in solving the problems of
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a relatively peaceful world where science and technology had assumed
a new significance. Billions of dollars have been channeled into uni-
versity laboratories through a complex structure of grants and con-
tracts. In many ways the financial relationships that have evolved
have been less satisfying and fruitful than the formula-type alloca-

tions upon which an institution may build a solid and reasonably per-
manent structure. The land grant allocations can be considered a type
of endowment, whereas grants and contracts are here today and gone
tomorrow. To me this is the essential point to be grasped in consider-
ing the sea grant legislation.

The name "sea grant" implies an institution of higher learning offer-

ing a broad spectrum of studies relating to the sea. Its mission would
be to train the scientists, engineers, economists, political scientists,

lawyer, doctors, and hundreds of others who will be needed if we are

going to live and work on and under the sea. We also need what Dr.
Athelstan Spilhaus has so aptly called the county agent in hip boots

to transmit our knowledge of the ocean environment to the people who
will apply it.

Formula or institutional grants would be required to support such
a system of sea grant colleges. Possibly there should be one such in-

stitution in each of the 30 states bordering the Great Lakes and the

oceans. In addition, it would be reasonable to allocate about half the

available funds on a competitive basis to any college or university

which could make a contribution to understanding the sea and its

creatures.

Any examination of the sea grant concept would be incomplete, if

it did not touch on at least one other area. Admittedly, full-scale ex-

ploration of any new frontier, whether it be space or the ocean depths,

carries with it an element of romance and adventure. However, the

oceans and their depths promise much more. In support of this argu-

ment, I would make passing reference to the 50-page report published

by the Committee on Oceanography of the National Academy of

Sciences-National Research Council entitled "Economic Benefits

From Oceanographic Research." I understand some of the authors

of this document may be called as witnesses, but a few figures should be
mentioned. This report estimated that a continuing national invest-

ment of approximately $165 million a year in fisheries production,

undersea mining, marine recreation projects, improvement of sewage
disposal methods, reduction of shipping costs, and improvement of

weather forecasting techniques could produce savings of nearly $3
billion a year or increase annual production by nearly that much.

Finally, if for no other reason, we need sea grant colleges as a

weapon in the global battle against hunger and disease. Experts have
estimated that at least 500 million persons suffer from critical deficien-

cies of animal protein. Meanwhile, the world's population increases

by nearly 200,000 persons each day. At the present rate, the global

population of 3.4 billion persons will more than double by the year
2000.

In many countries, such as Japan, there is little possibility of con-

verting any substantial amount of additional land to agricultural use.

In other parts of the world, poor weather and lack of adequate moist-

ure make it difficult to cultivate the soil. However, each square mile

of ocean contains up to 4,000 tons of vegetation and a majority of all
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animal life exists in the sea. With today's technology, we could pro-
duce, for less than 20 cents per pound, a fish protein concentrate—also

called fish flour—that could help feed the world. Government scien-

tists at the University of Maryland believe the techniques developed
there could also be exported to nations such as India.

Even with the methods we have now of hunting fish in the sea, it is

estimated we could, with greater effort and present technology, in-

crease the yield of fish approximately four times. But, what if we
learned to truly farm the sea? What if we know how to fertilize

the sea and stimulate the growth of valuable species ? The benefits to

be gained are beyond calculation.

There is also reason to believe that the oceans may be an untapped
source of the new medicines. Many of today's pharmaceuticals were
originally found in tiny organisms living in the soil, but the oceans
teem with life. In fact, one of the oceanographers here at the Uni-
versity of Rhode Island was the recipient of the first patent for a

marine antibiotic. However, we really have no idea of what other

useful substances might be found in the ocean, because only limited

research is being conducted in this field.

These are some of the challenges which the oceans offer. I am con-

vinced that Federal funding for sea grant colleges would be one of
the most significant educational steps we could take at this time in

our history. I therefore urge passage of this legislation. Thank you.

Senator Pell. Thank you. Dr. Horn, and because of your pioneer-

ing work and thoughts which have led to the fact that this university

here occupies a very leading role in this field on the east coast of the

United States.

I have a couple of inquiries here on which I am wondering about
your thinking. First: The thought has come up that perhaps the

original administration of this bill might best benefit in the hands of

the Smithsonian Institution or some other agency on a temporary basis

rather than the National Science Foundation. Do you have any
thought one way or the other as to this matter?

Dr. Horn. Well, I haven't thought about that, sir, but I should think
that whichever agency is most interested in seeing that these funds
are adequately distributed where they can be best used should be the

one to initially get the program off the ground. One of the difficul-

ties in giving or placing the funds exclusively in the hands of the

National Science Foundation revolves around the point that they give

their financial support to the individual. There is growing feeling

that this has not been always in the best interest of science or the uni-

versities. I think it would be wise to find another agency.
Senator Pell. Another question along the same line is whether

or not the $17 million is enough to start with. Do you have any
thought as to that? Do you think it is too much? Do you think
it is too little ? What do you think ?

Dr. Horn. Well, any amount, sir, is good. But $17 million is peanuts
when it is compared to the budget for NASA which is $6 billion, I
think. I hope that eventually the importance of exploration of the

inner space, as you have called it, versus outer space will become evi-

dent to our people and that the results would be rather substantial.

Consequently, I don't think it ought to be tied exclusively to a per-

centage of income from the reality of offshore exploration.
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Senator Pell. Another respect in which we are fortunate in having
you, as president of a land grant college, is in connection with the

enlargement of the responsibility of a land grant college, becau^ I

understand that your extension service does a great deal of work con-

cerning the consumer, or urban living. Would that not be correct ?

Dr. Horn. This is correct and particularly in an institution like

the University of Rhode Island where we are located in the State with
the agricultural part of our economy being reduced more and more.
More of our activities of the cooperative extension services, which are

housed in the college of agriculture, are moving into the suburban and
urban areas. I think you know that we have a very important project

working in the South Providence area with underprivileged people.

If this sea grant bill is passed, if money is made available to this in-

stitution for this sort of thing, we are prepared to move on it and, I

think, effectively.

Senator Pell. Actually, in our own State there are only 2,000 peo-
ple working in the field of agriculture and forestry.

Dr. Horn. I suspect that someone who will be testifying before this

committee will point out that the State of Rhode Island has, I think,

more shoreline in comparison with the total land mass than any other

State of the Union with the exception of Hawaii.
Senator Pell. Maybe we'll have more sea farmers than land farmers.
Dr. Horn. Finally I'd like to say that, as you have pointed out,

ever since I came to this university in 1958 I have indicated to my
colleagues, and to the board and to the public in this State that we
have a unique opportunity here because of our location on the sea,

and this major piece of legislation which you propose, we hope is

passed by the Congress which will provide additional resources so

that we can make a still further contribution, not just to the State
of Rhode Island, but to the entire Nation and the world.

Senator Pell. Thank you very much. Dr. Horn, for your testimony
and for the hospitality we have been shown here today.
Our next witness will be Mr. Edward Harrington of New Bed-

ford, Mass. Mr. Harrington is the mayor of New Bedford and a
neighbor of ours. Mayor Harrington, Senator Kennedy regrets very
much that he cannot be with us today. We wanted you to know that.

STATEMENT OF EDWARD HARRINGTON, MAYOR, CITY OF
BEDFORD, MASS.

Mayor Harrington. I understand.
Senator Pell. He wanted to hear your testimony and is well aware

of your good work and he is very interested in this whole field of
fisheries and oceanology and asked that his good wishes be conveyed to

you. Also, as a member of Congress it is very good to welcome you
here because I understand there is a really good chance that you
may be a colleague in a coming Congress. I am delighted to welcome
you here. Mayor Harrington, and you may proceed as you wish.
Mayor Harrington. Mr. Chairman, I am grateful for the oppor-

tunity to come here this day and address you on a matter which has
so much importance to men everywliere throughout the world and to
the future hope of a higher standard of living for people wherever
they may live. Since I am privileged to serve as mayor of a city
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with a great seagoing tradition, and the second most productive
fishing port per dollar volume in the United States, I can best give
evidence, I believe, as to the practical effects this legislation will
have in benefiting those who earn their living from the sea and what
effect the programs envisioned by this legislation could have upon our
ability to elevate man's economic horizons.

I have always felt that if great national problems and goals were
left entirely to the States and those people living in various areas of
our Nation, many of these problems would remain unsolved, and goals
would not be achieved. We find that over the last few years in the
United States, the President and the Congress have accepted this
philosophy and our Government is moving forward with great and
effective speed to assist in affording citizens everywhere the oppor-
tunity of a good education through massive Federal aid. We are
making a very concentrated attack upon the economic and social prob-
lems everywhere within this Nation and at all levels where substand-
ard economic conditions exist. We have also found that in order to
afford men their fundamental rights, equal dignity, and justice, it was
necessary that the Congress adopt the Civil Eights Act.
The sea is certainly an area which has been given the least attention

by scientists, economists, and educators. It is, perhaps, fair to say
that we have as much information concerning outer space as we do
the waters off our immediate coast. I assume that if the total costs
of our space exploration programs were to be compiled, they would
range in the billions of dollars. The amount of money being spent
annually on exploration, education, training, and research in the
marine sciences would amount to only a very small fraction of this

amount. Yet, from the sea we have the ability to create a productivity
which can provide the natural resources to feed the starving people of
the entire earth, and open up new vistas to the light of human
knowledge.
Marine scientists have estimated that 200 million tons of fish, at least

four times our present harvest, could be taken from the seas each year
without endangering future yield. This is an estimate based on ex-
ploitation of edible fish species. Is it unreasonable to expect that
scientists and those entrusted with our political destinies can make
it possible for man to cultivate and harvest crops from that 70 percent
of the world's surface which is now inundated by the sea?
Eesearch and the acquisition of knowledge in the gainful use of

marine resources are necessary prerequisites for the transformation of
this knowledge into practical applications which can benefit mankind.

I have no doubt that other scientists can wrest even greater supplies
of nutrition from our seas. If it is true that the oceans contain 4,000
tons of vegetation per square mile, we must know to what extent this

vast vegetable crop can be brought into controlled and useful food
crops through aquaculture.
Many hundreds of thousands of men and women throughout the

United States earn their livelihood from industries allied to the sea.

Many more thousands of our young people could be gainfully em-
ployed in similar industries were we to reach a point in our marine
technology where we could translate the results of creative scientific

research into objective, practical application. I can envision the
whole sea coast of New England, and yes, the entire United States
booming in an orderly expansion brought about through the develop-
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ment of new methods of catching, processing, and merchandising fish.

We accept, the fact that we as Americans have barely commenced to

harvest the bounty of the sea. It is essential that we get about this

work before those more interested and dedicated than ourselves have
advanced far beyond us in a scientific approach to fruitful produc-

tivity. At the same time, we must provide for future growth in the

fisheries through conservation. We can all envision, I believe, the

monumental effect that fish flour or any type of fish concentrate can
have upon our internal economy and starving people wherever they

exist in the world.

We are living in very accelerated years, years when scientific prog-

ress and achievement seem to be outstripping man's ability to under-

stand, in some cases, the rapidity of development. Many years ago
when the industrial revolution was taking place in Europe, progress

at first moved through very many experimental, mechanical stages.

However, in these days, it appears possible that through lateral de-

velopment starting from the top, with a chartered and fully thought
out method of approach, we can accomplish in a few years what would
ordinaril;^ take generations.
The universities of America have the ability, if financially assisted,

to render to mankind, the mechanism to transfer the brilliance of
scientific thought and accomplishment into the practicality of Ameri-
can productive genius. Universities have played an ever-increasing
role in the development of our Nation's vital resources both in mind
and matter. I can think of no better place to invest some of the
fruits of our affluent society than in our great universities for the
purpose of returning to Americans, and to mankind, the benefits of
their combined abilities.

One of New Bedford's links with the future is Southeastern Massa-
chusetts Technological Institute, our State's newest university, which
is now being built not far from our city limits.

This young institute has already made commitments to teaching
and research in the fields of marine biology, oceanography, and
oceanology.
When the sea grant college concept materializes—as it must if the

United States is to provide our young scientists and technologists
with the means to explore and develop the resources of the seas—it is

essential that the development of the ocean resources be entrusted not
only to old and venerable institutions, such as the Marine Biology
Laboratories, Woods Hole Oceanographic Institutions, such as our
host institution, but also to such new and vigorous seaboard universi-
ties as Southeastern Massachusetts Technological Institute. In its

few short years of existence, SMTI has demonstrated a commitment
to teaching and research in application related enterprises such as
fisheries biology, environmental monitoring, and conservation of
estuaries.

In other nations, particularly, Eussia, Poland, Canada, and Japarj,
great stress has l>een given to effectively assisting all staares of marine
development both in research and in application. The United States,
with its early lead, its tremendous resources, its magnificent universi-
ties, and a sense of creativity, has lain back, and permitted others to
surpass us.

It is very exciting that we appear now to be moving in the direc-
tion of giving our attention to a long neglected area. It seems that
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through the establishment and continuance of programs of educa-
tion, training and research in the marine sciences, we can build for
ourselves a dynamic new future, and overcome generations of inac-
tion through the application of modern techniques, and modern scien-
tific achievement. I can think of no piece of legislation at this time
that I consider more meaningful to my particular city, to our coun-
try, and mankind generally, than S. 2439, which could set into motion
a series of programs which could affect the course of history and pro-
vide untold benefits for mankind.

I wish to thank you, Senator, for permitting me to come here.

Senator Pell. Thank you very much for coming. Mayor Har-
rington.

Now, point No. 1, in your testimony where you mentioned that New
Bedford was the second most productive fishing port per dollar vol-

ume in the United States. Could you enlarge on that? Does that
mean you had the largest gross catch landed there or is that in rela-

tionship to dollar earnings ?

Mayor Harrington. Well, actually the fish landed from all Ameri-
can boats fishing commercially in the port of New Bedford is sec-

ond only to San Pedro, Calif., and in the last few years we have made
tremendous gains and strides and additions to to our fishing fleet.

We are in the process now of building a $7i/^ million pier to ac-

commodate more boats. We hope that within the next 3 years the dol-

lar volume of fish in the port of New Bedford will exceed any other

area of the United States. We are also in the process of negotiating

a contract with Van Camp's Sea Food Co. which is the largest fish-

eries company in the entire world to locate a plant in New Bedford,
and they are, or have indicated that they will, possibly make New
Bedford their world fish headquarters and bring to the city of New
Bedford their laboratory and facilities dedicated to marine research.

Senator Pell. I wonder if you could tell us a little something about

a fish protein concentrate plant in your city.

Mayor Harrington. There is some conflict in this matter. Senator.

There is a professor at the University of Illinois, who, many years

ago developed a process of making fish flour, it was called that then,

later it was transferred into the terminology now called fish protein

concentrate. The professor's name was Levin. Anyway, as Levin

discovered a formula for creating and producing fish protein concen-

trate, he established two plants for commercial production of fish pro-

tein concentrate. One in New York and one in New Bedford. Now,
he has invested over $2 million of his own capital in this production.

Actually, all we are producing in New Bedford right now is a fish

concentrate which can be converted back to fish flour within a rela-

tively short time and rather inexpensively. But, something unusual

which developed is that back in I960', I believe, the Food and Drug
Administration refused to pennit the fish flour or fish protein con-

centrate to be sold internally in the United States, Dr. Levin at that

point refused to export on the theory that even though he could keep
these plants in full production, that was not beneficial to mankind to

export a product which the Food and Drug Administration said

should not be sold to Americans. He felt that in the Nation's best in-

terests that should not be done.

When I became mayor of New Bedford in 1961, John F. Kennedv
was the President of the United States. We had a conference with
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him in Washington, and also with Secretary Udall, for the purpose

of setting in motion a chain of events which would eventually cause

the Food and Drug Administration to reverse their stand with rela-

tion to fish protein concentrate. I think we met in the Senate dining

room and the meeting was presided over by Senator Saltonstall and

Senator Smith, the two Massachusetts Senators. Well, we set in mo-

tion a chain of events which we think eventually caused the Food and

Drug Administration to reverse their stand with relation to fish pro-

tein concentrate. Now, they have devised a formula to produce this

fish protein concentrate. We say that the formula of Dr. Levin is

superior to theirs, his can produce less expensively and with equal

appeal and is equally sanitary. We are hoping that the Bureau of

Commercial Fisheries expands their production requirements and per-

mits, frankly, the commercial manufacturing of fish protein concen-

trate by those who have developed a formula to do it. We hope they

don't restrict our ability to use it. They have developed a formula,

but we don't think it is superior to the one devised by Dr. Levin.

Senator Pell. I am very sympathetic with your work in this field.

Mayor Harrington. It has been said that it is unesthetic to use fish

protein concentrate.

Mayor Harrington. We urge the Administration to reverse its

position on this. We hope we will get a decision in this direction.

Senator Pell. I know we have had some meals in the Senate Din-

ing Koom with Dr. Levin's fish protein concentrate used as the base.

It was very good.

Mayor Harrington. We appreciate any support you can give. Sen-

ator Douglas, I don't know whether you read his remarks on this, he

made a speech in the Senate about the esthetic and cosmetic effect of

fish flour. He mentioned that we are marketing a chocolate covered

ant commercially at very high prices.

Senator Pell. Are you using a whole fish ?

Mayor Harrington. We are using the whole fish, yes.

Senator Pell. All right. Thank you very much, Mayor Harring-
ton. It was very nice of you to come over to Rhode Island.

Our next witness is the dean of the graduate school of oceanography
here at the University of Rhode Island. He has certainly developed

a first rate department. Dean Knauss, when Dr. Horn persuaded

you to come here from the west coast to the east coast, I think that

California's loss was a great benefit to us here in Rhode Island. I

have enjoyed, I say this publicly, the work we have done together on
the various projects which have interested us, and without your help

I don't think that my own ideas, or this bill, could have gotten any-

where near ag far as this.

You may proceed when you are ready.

STATEMENT OF DR. JOHN A. KNAUSS, DEAN OF THE GRADUATE
SCHOOL OF OCEANOGRAPHY, UNIVERSITY OF RHODE ISLAND

Dr. Knauss. Thank you for those very kind words. Senator Pell.

I am here today not only as dean of the graduate school of oceanog-

raphy of the University of Rhode Island, but I am also chairman of

the Southern New England Marine Sciences Association. As far as

I know the idea of a sea-grant college was first suggested publiclT^-



20 SEA GRANT COLLEGES

by Athelstan Spilliaiis in 1963. The University of Rhode Island

and the Southern New Eng:land Marine Sciences Association spon-

sored a 2-day conference on the concept of a sea-grant college in Octo-

ber 1965. This conference was attended by 224 scientists and educa-

tors from 30 States. At the conclusion of the conference the following

resolution was unanimously adopted

:

"We enthusiastically endorse the concept of a sea grant college as

presented by Dean Spilhaus at this meeting and the general concept

of Senator Pell's bill (S. 2439), and we specifically recommend that

Dean Spilhaus be given the opportunity to present his views to the

appropriate Government bodies."

The proceedings of this conference have been published and I

commend them to the committee's attention.

Senator Pell. It will be printed in full. You may continue, Dr.

Knauss.
Dr. Knatjss. A national committee was formed among those attend-

ing the conference. One of our tasks, as we saw it, was to distill some
of the ideas discussed at the conference into a simple statement. As
secretary of the group I would like to submit the committee's state-

ment into the record.

Senator Pell. It will be printed in full.

(The material referred to follows :)

Pkepabed Statement of the National Committee for a Sea Gkant College

A sea grant college would be an institution of higher education devoted to

increasing our Nation's development of the world's marine resources through
activities in the areas of education, research, and public service. A sea grant

college would specialize in the application of science and technology to the sea,

as in undervpater prospecting, mining, food resources development, marine
pharmacology and medicine, pollution control, shipping and navigation, fore-

casting weatiier and climate, and recreational uses. It would relate such appli-

cation to the underlying natural sciences which underlie social sciences as they

are affected by, and in turn affect, the occupation and exploitation of the sea.

Thus a sea grant college would bring to bear the wide variety of intellectual

resources usually associated with a university on the development of marine
resources. We are not suggesting the establishment of new schools, colleges,

or universities, but rather the development of this capability in State and
private institutions already deeply involved in the study of marine sciences.

The potential contributions of education, research, and public service are

many. It is not expected that any single sea grant college would develop all of

these possibilities, or that all sea grant colleges would develop in an identical

manner.
EDUCATION

If this country is to maintain a position of leadership in the development of

marine resources, we must provide the necessary educational base. "We must
provide engineers, natural and social scientists who are familiar with the prob-

lems and the possibilities for the development of marine resources. We must
provide education at many levels, from teaching fishermen how to fish to teaching

the teachers of the engineers and scientists required by industry. Although all of

these various kinds of education need not be done within a single institution,

they can be.
EESEAROH

Successful higher education without concurrent research is impossible. This

is as true in engineering and applied sciences as it is in the basic sciences. A
strong research program is required in a sea-grant college if a strong educational

program is to be maintained. In addition, a strong research program is a sea

grant college will aid in the development of our marine resources. Much of the

work that ought to be undertaken to master the oceans and exploit their resources

cannot be afforded by any single segment of private industry. Initially, these
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development programs must be undertaken, with Federal Government assistance.

Many of these development programs require an interdisciplinary approach,
which is found in a college or university and is less likely to be found in any
single mission-oriented Federal laboratory.

PUBLIC SERVICE

Public service is an important part of the present-day university. The agricul-

tural extension program of a land-grant college has over the years been extremely
successful. An analogous program is a sea grant college with the fisheries in-

dustry, and other segments of marine industry, could and should be initiated.

Large-scale development programs such as MIT's Lincoln Laboratory or Cal
Tech's Jet Propulsion Laboratory could be a part of the sea grant college program,
but are not envisaged at this time. We see the relationship of the sea grant
college to marine industry as being closer to the relationship of the agricultural

experiment station to the agricultural industry.

THE IMPORTANCE OF DEVELOPING OUR MARINE RESOURCES

If man can occupy and exploit the oceans, he will. If we in the United States

don't offer leadership in this venture, people of other countries will. The history

of the development of this country is an excellent example of the axiom that

eventual control of the land goes to those people who occupy the land and not to

those with the largest army. It is not in the interest of the United States to

forfeit our right to the use of 70 percent of the surface of the earth because of our
failure to master the oceans. Although our Navy is the most powerful in the

world, our traditional marine industries—fisheries and merchant marine—are

weak and, on a comparative basis, growing weaker. The 1958 Geneva Conven-
tion on the Law of the Sea gives local control to the sea bed and subsoil of the

submarine area adjacent to the coast to the depth of 200 meters, or beyond that

limit to where the depths of the superjacent waters admit the exploitation of the

natural resources of the area. In other words, those countries who can first

exploit the depths of the ocean can control them.
In the near future, it will be possible for men to live in depths of 1,000 feet.

Oil wells are going to be drilled in water depths greater than 1,000 feet. Deep
submergence vessels are now being developed which will operate at any depth in

the ocean. We will soon have methods of dredging minerals from deep ocean
basins. It is in our national interest that these techniques be exploited ; that the

United States does, in fact, master the oceans.

The growth of Soviet Russia's naval power is well known. So is the growth
of their oceanography program. What is often not recognized is that the

U.S.S.R. is becoming a major user of the oceans. In a 30-year period, the Rus-
sian fish catch went from 0.5 million tons to 5.6 million tons. During this same
period the U.S. catch has oscillated between 2.0 to 2.7 million tons per year. The
U.S.S.R. merchant marine, which was almost nonexistent a few years ago, will

soon exceed ours in total carrying capacity. There appears to be good reason to

believe that the U.S.S.R. has decided to attain mastery of the sea.

The oceans can provide the animal protein resources needed by the world's

population. A catch of 60 million tons a year, if properly exploited, could

provide the animal protein requirements for 3 billion people. It is estimated that

the oceans produce several times this amount of fish a year of a size suitable for

exploitation. Techniques of making fish protein concentrate from so-called

trash fish have been developed. This material ships well, does not decompose
easily, and can be mixed with rice, grain, beans, and other indigenous foods.

It is possible that we can provide the means of solving the most diflScult part of

the world's food problem—the lack of animal protein.

ANALOGY OF SEA GRANT COLLEGES TO LAND GRANT COLLEGES

The sea grant colleges have a special role to play in the mastery of the oceans,

and it is here that the analogy with the land-grant colleges is pertinent. We
are not suggesting the establishment of separate schools analogous to the early

land-grant colleges ; nor are we suggesting that the granting of offshore lands to

sea grant colleges is a necessary part of the analogy (although such lands might
prove useful) . What is suggested is the adoption of the system developed by the

land-grant college program for turning scientific results to economic use. The
land-grant colleges with their agriculture and engineering experiment stations,
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their extension service, their departments of pure and applied science have
over the years developed one of the smoothest and most efficient operations in
history in that very difficult task of bringing the knowledge and the discoveries
of science to immediate and practical application. Furthermore, through the
extension service and the experiment station they have developed efficient
feedback mechanisms whereby the problems of the farmers are brought back to
the laboratory for study and solution. It is this aspect of the land grant college
movement we wish to emulate.

FUNDING THE SEA GRANT PROGRAM

We believe that at least an important fraction of the sea grant college support
should be in the form of institutional grants. We believe that continual, broad-
based support, such as that on which the colleges of agriculture were originally
based, is important for the success of this program. Not all funds, however,
should be awarded on an institutional basis. The remainder could go to special
projects, either at existing sea-grant colleges or to other universities elsewhere
in the country on a competitive basis.

John A. Knauss, secretary, dean of the graduate school of oceanography. Uni-
versity of Rhode Island.

Wayne V. Burt, chairman, department of oceanography and director of the
marine science center, Oregon State University.

David C. Chandler, director. Great Lakes research division, University of
Michigan.

Wilbert M. Chapman, director, division of resources, Van Camp Seafood Co.
Warren J. Hargis, Jr., director, Virginia Institute of Marine Science.
Donald Bevan, associate dean, college of fisheries. University of Washington.
Galen E. Jones, director-elect, estuarine laboratory, University of New
Hampshire.

F. G. Walton Smith, director, institute of marine sciences, University of Miami.
Athelstan F. Spilhaus, dean of the institute of technology. University of

Minnesota.
Donald E. Wohlschlag, director, institute of marine science. University of
Texas.

Changes Suggested by the National Sea Grant College Committee on S. 2439

Page 2, line 22 through and including line 24 should be deleted and replaced
by: "(d) that the concept of the Sea Grant College: an institution of higher
learning devoted to increasing our nation's utilization of the world's marine
resources through activities in the area of education, public service, and research

;

and would relate these activities to the natural sciences which underlie them

;

to the social sciences, economics, sociology, psychology, political science and law,
as they are affected by and, in turn, affect the occupation of the sea, is a concept
which could accomplish the goals as set forth in (a), (b), and (e) above; and"
Page 2, line 25 and extending to page 3 and line 1. Replace the words "sea

grant colleges" with : qualified institutions.

Page 3, lines 4 and 5 should read : "and development programs in the marine
sciences and related fields resulting in the acquisition of knowledge".
Page 3, line 9 should read : "to the development of marine resources ;".

Page 3, lines 24 and 25 should read : "excellence" "in the various fields related
to the development of marine resources while retaining the traditional in-".

Page 4, line 10 should read : "(10) to initiate and support the sea grant college
program and programs of education,".
Page 4, line 12 should read : "of advisory services relating to the develop-

ment of marine resources".
Page 6, lines 9 and 10 should read: "(1) The term 'development of marine

resources' means those scientific endeavors and disciplines, engi-".
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INTRODUCTION AND SUMMARY

John A. Knauss, Ph.D., Scripps Institution of Oceanography, 1959
Since 1962 he has been Dean of the Graduate School of Oceanography,
URI. A physical oceanographer, Dean Knauss has worked on prob-
lems of ocean circulation. He is presently Chairman of the Southern
New England Marine Sciences Association.

The idea of a sea-grant college was first suggested publicly by Athlestan
Spilhaus in the keynote address at the ninety-third annual meeting of American
Fisheries Society, September 12, 1963. The suggestion of holding a conference
to consider the idea was made early in 1964, but for various reasons, was shelved
for a year. In the meantime, interest in the sea-grant concept grew, much of it

sparked by an editorial in Science (September 4, 1964) in which Dean Spilhaus
wrote as follows:

. . ."I have suggested the establishment of 'sea-grant colleges'
in existing universities that wish to develop oceanic work. The sea-
grant college would focus attention on marine science, and it would
develop strengths in the applications of marine science in colleges of
aquaculture and oceanic engineering. These would be modernized
parallels of the great developments in agriculture and the mechanic
arts which were occasioned by the Land-Grant Act of about a hundred
years ago. Basic funds, undesignated except that they be used by sea-
grant colleges, could be obtained in much the way that agricultural
support has been obtained in the past. Establishment of the land-
grant colleges was one of the best investments this nation ever made.
The same kind of imagination and foresight should be applied to ex-
ploitation of the sea."

One of the persons who became interested in the concept of sea-grant col-
leges was Senator Claiborne Pell of Rhode Island. In fact, in the time between
the initial decision to hold such a conference and its first public announcment.
Senator Pell introduced legislation to establish sea-grant colleges (S.2439, the
National Sea-Grant College and Program Act of 1965).

In calling this conference on The Concept of a Sea-Grant University, I wrote,
"More and more people seem to be interested in the idea of a sea-grant uni-
versity, but I have not found much agreement as to what is involved or what
form such a university might take; hence, the reason for this conference. I hope
that the conference will provide an opportunity to discuss specific ways in which
the concept might be implemented and the possible consequences to society if the
sea-grant universities are established. .

." The response to our invitation was
overwhelming. The official registration lists 224 persons attending; everyone of
the 30 states that borders the oceans or the Great Lakes was represented. Dean
Spilhaus 's idea of sea-grant colleges had obviously struck a responsive chord in
marine scientists and university administrators from all parts of the country.
The fact that at least one United States Senator was actively involved in the pro-
gram provided added interest in this conference.

In rereading the proceedings, now some two months after the conference,
I have been struck by several things. The first is the general consensus that
the sea-grant concept is not merely a call for more of what we are already doing,
but is really a design for something quite different. It is a bringing together of
science and engineering, of education at all levels, and a consideration of the
social as well as the technological aspects of the problems of marine resources
exploitation; in other words, an assault on the problems of the sea using all of
the various kinds of intellectual resources generally associated with a univer-
sity. The excitement generated by these ideas will long be remembered by those
of us who participated in the conference.

62-996 O - 66
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The conference indicated possible future paths in achieving these objectives
and alerted us to some of the pitfalls. No simple blueprint for a future sea -grant
university emerged. It seems possible (and it is probably desirable) that several
different approaches may be developed. It is unlikely that any single university

will be able to do all things. Although the analogy with the land -grant movement
was noted, so were the differences. The idea of containing within a single unit

of a university (such as an old line college of agriculture) all of the necessary
scientific, engineering, and sociological resources required in a sea-grant col-

lege may be unwise, even if possible.

The question of how such a program would be financed, and once financed,

how administered, received some discussion. On one point there was consider-
able agreement; namely, that federal support should be largely handled through
institutional grants and not on a project or individual grant basis. Several noted
that the question of "who" adnainisters the program might be considerably sim-
plified if Senator Muskie's bill (S. 2251) was passed establishing a Department of

Marine and Atmospheric Affairs.

Questions that recurred in several different forms throughout the confer-
ence were, how many sea-grant universities should be established, and how is

this decision reached. Perhaps because the sea-grant concept generated so much
interest, I had the distinct impression that some thought that all marine science
was now going to be done in sea -grant colleges and if one's school were not so
designated, one might as well close up shop. This obviously is not true, but the

questions referred to above remained unresolved. One point that is clear is that

if the sea -grant university is to solve some of the problems set for it by Dean
Spilhaus with the funds envisaged by Senator Pell's legislation, the number of

sea -grant universities will be limited, at least initially, since a certain critical

mass is required in a given unit.

Certainly not all questions were answered or all problems solved at this

two-day conference. Whether the conference was a "success" depends upon the

criteria used. In terms of attendance, presentations, and excitement, I believe

it was a success. Whether the ideas outlined at the conference will be developed
to fruition remains to be seen. At the conclusion of the conference, the following

resolution was unanimously adopted: "We enthusiastically endorse the concept
of the sea -grant college as presented by Dean Spilhaus at this meeting and the

general concept of Senator Pell's bill (S. 2439), and we specifically recommend
that Dean Spilhaus be given the opportunity to present his views to the appro-
priate government bodies."

A National Sea-Grant University Committee was formed. Initial member-
ship at the time of the conference was: Dean Spilhaus; Donald Bevan, Associate
Dean, College of Fisheries, University of Washington; Wayne V. Burt, Chairnnan,
Department of Oceanography and Director of the Marine Science Center, Oregon
State University; David C. Chandler, Director, Great Lakes Research Division,

University of Michigan; W. M. Chapman, Director, Division of Resources, Van
Camp Sea Food Company; William J. Hargis, Director, Virginia Institute of

Marine Science; Galen E. Jones, Director, New Hampshire Marine Laboratory,
University of New Hampshire; F. G. Walton Smith, Director, Institute of Marine
Sciences, University of Miami; Donald E. Wohlschlag, Director, Institute of

Marine Science, University of Texas; and myself as Committee Secretary.

At the conference we suggested that some of those attending might wish to

submit comments for the record. At the time these proceedings went to press,
some sixteen statements had been received. They are printed in the last section

of these proceedings.

Successful conferences are the result of hard work by many individuals

and credit is due the Committee on Arrangements and the staff of the Viking
Hotel, Newport. Special thanks go to Polly Matzinger, Director of Publications
at URI, for her help in getting these proceedings printed.
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WELCOME

Francis H. Horn, Ph.D., Yale University, 1949, He has been President
of the University of Rhode Island since July 1958. An authority on
higher education, he served as Executive Secretary of the Association
for Higher Education in Washington, D.C. , from 1951 to 1953 and during
1957-58 he was Distinguished Visiting Professor of Higher Education
at Southern Illinois University. The Graduate School of Oceanography
at URI was established under his leadership.

I take a great deal of personal pleasure in welcoming all of you to this

unique and perhaps historic conference, which will address itself to the proposal
that a focus on the marine sciences is as appropriate to our day as was the em-
phasis on agriculture and the mechanic arts under the Morrill Land-Grant Act
just over one hundred years ago. We of the University of Rhode Island, together
with the Southern New England Marine Sciences Association, have been tremen-
dously impressed and gratified with the response, both as to number of partici-
pants and the high level of the persons in attendance, to this national conference
on "The Concept of a Sea-Grant University," and we hope that all of you benefit
from the deliberations here in Newport.

I congratulate you, incidentally, upon having made it to Newport. It isn't
the easiest place in the United States to get to. Originally we had planned to hold
this conference on campus, but the initial response to our preliminary sugges-
tions for these meetings indicated that we could not accommodate the partici-
pants while the University was in session so we selected Newport, an historic
spot with exceptional associations with the sea, and especially with the United
States Navy, which has done so much to bring oceanography to its present state
of development in the United States. I am told, incidentally, that Narragansett
Bay here, which many of you crossed to get to Newport, can hold all the navies ot
all the countries in the world. In any case, Newport is a fascinating town with its
historic homes, churches, and other colonial buildings; its great mansions, "cot-
tages" as they were called in their heyday; the extensive Navy installations, in-
cluding the Naval War College; and its recent eminence as the home of the New-
port Jazz Festival and the Newport Folk Festival. Before you leave we hope you
will have time to see something of these attractions of Newport.

I want to acknowledge now the contributions to this conference of two indi-
viduals. One is Dr. Athelstan Spilhaus of the University of Minnesota, who from
his location about as far from the sea as it is possible to be in the United States
first proposed the idea of a sea- grant university system. The other is our junior
United States Senator from Rhode Island, the Honorable Claiborne Pell, who
brought the idea to the floor of the United States Congress in the form of legisla-
tion to achieve such a system. We are privileged that both men are with us at
the conference to give us the benefit of their thinking on the subject and are on
this morning's program.

As a university president, I cannot in good conscience let an opportunity
pass to beat the drum for our own institution. When I first came to the Univer-
sity over seven years ago, I immediately gave consideration to the status and role
of the then Narragansett Marine Laboratory. It was at that time a part of our
College of Arts and Sciences. I soon reported to our Board of Trustees, "I am
convinced that the most significant graduate program the University can develop
is in this area of oceanography and that it can make its greatest contributions to
knowledge and human welfare in research in the marine sciences. Though popu-
larly neglected, there is a growing feeling that research into the nature and re-
sources of the sea may hold as great potential for the future as space science."
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Two years later, in 1961, the Board approved my recommendation for the
establishment of a Graduate School of Oceanography, one of the first graduate
programs of its kind in the country. Since that time, our commitment to ocea-
nographic resei^rch has been a strong and growing one. The foundation for our
program so solidly made in the marine laboratory's days by one of the real
fathers of oceanography. Dr. Charles Fish, for whom our present laboratory is

named, has been expanded to wider horizons by our resourceful and energetic
dean of the graduate school, John Knauss, whom to our great good fortune, we
lured here from Scripps. His attention to the coffee cups this morning indicates
to you that he has his eye on the nickels as well as on the dollars, and as a uni-
versity president, I'm grateful for that. Of course, he spends more money on
that boat of his than anyone else in the University, but we are happy with the
results!

I give you this bit of history to indicate why the national conference with
such potential significance to research and to mankind is being held here in
Rhode Island. Our own objectives in oceanography- -graduate education, basic
research in physical, geological, and biological oceanography, and applied re-
source research on problems of importance to the state and region, parallel
in a very substantial way those of the original land-grant effort. One writer has
said of the Morrill Act, that it has forced education to fit the changing social
and economic patterns of an expanding nation.

Further, it has been said of the land- grant institutions, that through their
efforts, higher education came to be regarded not so much as a luxury, as a
national necessity. Today, marine science has developed to the point where it is

no longer a poor relative in the groves of academic research, but rather a
vibrant and vital discipline keyed to national necessity and inevitably to the des-
tiny of much of the world's population.

Man's study of the oceans has come a long way in the past few years. I'm
sure that this conference will conclude with new concepts and ideas which will
quicken the pace and marshal even greater forces in this unending exploration
of the so-called inner space. I wish you all a stimulating and rewarding experi-
ence here at Newport. I look forward to participating with you and learning
from you during the conference. Thank you.
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THE CONCEPT OF A SEA-GRANT UNIVERSITY

Athelstan Spilhaus, D.Sc, University of Cape Town, 1948. He has
been Dean of the Institute of Technology at the University of Minne-
sota since January 1949. From 1961 to 1964, he served as Chairman
of the Committee on Oceanography of the National Academy of Sci-

ences- -National Research Council. He is an internationally known
author, inventor, and scientist.

President Horn, Senator Pell, Dean Knauss and friends, I don't suppose that

many people have the pleasure and honor that I feel today on this occasion when
at this wonderful place on the sea under the auspices of a fine university and with
so majiy of those who've contributed much to the science of the ocean- -that I

feel on being invited to explore and develop with your help my own sea-grant uni-

versity idea.

My friend. Dr. Chapman, wrote me about a year ago to ask whether the sea-
grant university sprang full blown from my mind. I would say, rather, that it

resulted from the recognition of a need, a conception, a period of labor, delivery
at the right time, gradual acceptance of the young infant and I now hope that its

sponsors here may make it have a productive and useful life.

When Harrison Brown formed the National Committee on Oceanography in

1957, some of us jokingly yet with much truth stated that our first objective would
be to get our public leaders to at least be able to pronounce the word "ocean-
ography." Harrison not only managed this but with his fellows on the committee
succeeded in stirring an amazing public and legislative awareness of the impor-
tance of knowing about the sea.

Early on, we recognized the need to use engineering in support of the study
of the sea. We had a panel of the National Academy Committee which devoted it-

self to special engineering devices, vehicles, instruments, and the like. When I

became chairman in 1961, I was already beginning to see that engineering in

support of oceanographic research, while important, was not enough. And I re-
call on being asked, in a joint meeting with the governmental Interagency Com-
mittee on Oceanography, what the task of the Academy group should be over the
next five years, that I said that marine science and oceanography were going
strong but that the real gap was between our excellent science and the pitiful

state of the U.S. performance in the exploitation of the sea. Our pitiful fishery
effort- -our poor merchant marine- -the fact that when we needed a bathyscaphe
we purchased it in Europe- -all symptoms of a lack of purpose and a failure to

apply our science through ocean engineering and biological engineering or aqua-
culture.

In 1963, in a keynote address to a national meeting on fisheries, I voiced
my unhappiness and recalled that just about a hundred years before, a positive
purposeful action had been taken by Congress to stimulate "the mechanic arts
and agriculture" --the act that established land-grant colleges. There can be no
question that the Morrill Act establishing a land-grant fund for the support of

such colleges, passed by Congress in 1859 but vetoed by President Buchanan
and subsequently signed by Lincoln in 1862 contributed mightily, through the
mechanic arts to lead to our national preeminence in the mass production of

things that people need- -including agricultural products.

Why not then provide a focus, a commitment and continuing support in the
context of sea-grant universities today to bring the United States to a position
of leadership in ocean engineering and aquaculture.

After this talk, I received many letters expressing interest in the concept.
One was from Professor Saila. of Rhode Island. As a result of his expressed
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interest I wrote to President Horn and Dean Knauss and received inspiring and
heartening responses. They wanted to do something to explore the idea. Dean
Knauss suggested early in 1964 that a conference be held- -this is the conference.

Senator Pell, with a long interest in the sea, its contribution to his State
and its potential, talked with me. I remember quipping to the Senator that Rhode
Island would be a fine launching place for a sea-grant university in connection
with its land-grant university- -after all, I said, you have very little land.

So, you see, it is most appropriate that this first national conference on the
sea-grant university concept should be held here where the original interest was
sparked.

What is ocean engineering? From time to time we give names to assem-
blages of our different scientific disciplines for no better reason- -and for the
very good reason- -that they apply and suit our principal current preoccupations.
So polar science is all the good science that is done relating to the Arctic and
the Antarctic. Space science is all good science that relates to space, or more
facetiously any science that the National Aeronautics and Space Administration
will pay for. Similarly, oceanography and marine science comprise the work
of any scientist in any discipline who chooses to use the sea as focus for his in-
tellectual endeavors.

On the other hand, in engineering the qualifying nouns become even more
meaningful. The engineering problems of the polar regions are quite special
and unique. How do you get rid of sewage when everything is frozen? How do
you build foundations that sink in permafrost? How do you build structures in
slowly flowing ice? Engineering for space, too, has its special problems. Metals
can cold weld themselves together in the vacuum of space. Special lubricants are
needed, and vacuum tubes may not need an outside cover. So it is in ocean engi-
neering. Materials behave quite differently at the seven-ton-per-square-inch
pressures encountered in the abyss. Structures must be built to resist the on-
slaught of marine borers and other living organisms that attack them and they
must withstand entirely different catastrophic forces- -earthquakes, currents,
wave forces, and underwater landslides.

We must recall that where science aims at finding out enough about our
environment to describe it and then to find common truths, engineering inter-
venes, alters, and uses the environment. The uses and controls that are found
good--ones that society wants or can grow to want- -industry repeats so that they
can be used by as many people as possible. There are two kinds of ocean engi-
neering; there is that kind that has gone on for centuries, like the building of

ships to get frona one point of land to another, the building of dikes to keep the
sea from encroaching on the land, but these are merely in support of peripheral
activities of land based and oriented people not using the sea but withstanding
its abuse of the land. There is another kind of ocean engineering, and that is the
ocean engineering which must come about when we decide to intervene in the
marine environment with the ultimate objective of using it, occupying it and- en-
joying it.

When you occupy a place whether it be an enemy country, uninhabited polar
or desert wastes, the moon, the planets, or the depths of the sea, essentially you
have to start by worrying about the five basic things for people to live; a way to

get there and back, shelter while you're there, power, water, and food.

Of course, it's not necessary to occupy the ocean right now. We could
wait, but somebody else would occupy it. Or, we can make the decision that we
will occupy the ocean. We can choose freely to expend part of our efforts and
apply our marine, scientific, and oceanographic knowledge toward the peaceful
exploitation and colonization of the sea.
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A way to get there and back, shelter, power, water, and food- -to these five

basics that we need for the occupation of land on earth must be added a sixth

shared by the environments of space and the sea. We can live quite a while without

food and water, but you could not have heard my last few sentences without breath-

ing. The most fundamental ocean engineering that is going on today is the medical
engineering on breathing at high pressures supported by the physiological science

related to mammals breathing with their lungs full of water. The latter science

may point to engineering developments way in the future, but at the present time
men are spending weeks below hundreds of feet of water breathing mixtures mostly
of inert helium, with just the right small percentage of oxygen so that at those

depths it's compressed to about the oxygen pressure in the normal temperature.

Ocean medicine has found that helium does not give the narcotic effects

"rapture of the deep"that comes from the great solubility of nitrogen in fatty

nerve cells. Ocean medicine, by studying decompression, is beginning to over-

come the dangers when the aquanaut comes up and reduces his pressure too

quickly. If he does, the gases expand in bubbles, blocking arteries, attacking

joints, and giving him the fatal "bends."

Of the other five basics, three deal mainly with physical engineering- -the

provision of new surface and submarine vehicles, structures under the sea, and
power generators. But ocean engineering also includes food and water- -fishing,

fish farming, hybridizing marine plants, and even water divining in the sea, the

search for undersea fresh water springs. In the meantime, we can, of course,

desalt sea water, but this is a clumsy interim method. Ocean engineers must
face problems quite different from usual engineering experience on land. Elec-

trolysis dictates a different choice of metals. The mechanical stresses of cur-

rent, waves, and undersea earthquakes are quite different from their counter-

parts on land. Biological activity can bore, excavate, and undermine undersea
structures, and other organisms can create unwanted noise. Thus, biological

engineering is a necessary adjunct even to the physical engineering in the oceans.

Biological engineering will play a far greater part in the oceans than it has in

the physical engineering of the land. I do not mean to imply that the ocean en-

gineer must be any more competent than the most competent land engineers. He
must have a different mix of the basic sciences and. even more important, a

different focus. The focus of the land engineer is to prevent the encroachment
of the sea, to concrete up coastlines, to fill estuaries for land habitations. The
ocean engineer will consider it more important that beaches and estuaries be
retained or that even new ones be built, because they are the habitat of many
valuable shellfish and the nursery of many fishes of the deep sea.

For many years while being engrossed in oceanography and marine science,

and while being active in contributing engineering devices in support of this sci-

ence, I recognized the gap that exists between the scientists and oceanographers
who have made such great strides in describing and understanding the ocean
environment- -its shores, its bottom, its physical and living contents- -between
these scientists and the fishermen, navigators, sea captains and sailors who use
the sea. The missing link is ocean engineering which will pull out many useful

scientific findings and translate them into better ways of using the sea.

Up to now, the mainuses of the sea were for surface ships and fishing. Sur-
face ships operate at the worst possible level- -on the surface of the sea. At
this interface they are plagued by wind, waves, and ice. If they go a little way
up or a little way down, they're better off. The harvesting and husbandry of

the food we take from the sea is utterly primitive and has not in any sense kept
pace with the magnificent progress in fertilizers, farm machinery, cross-breed-
ing and hybridizing that has developed on the land.

It is worthwhile to catalog some more immediate and some more distant

exciting and potentially useful things we can do in and with the oceans. If some
seem like irresponsible dreaming, remember we live in days where purposeful
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dreaming becomes reality so rapidly that it's almost regarded as respectable.
IS some seem like "stunts," it is worthwhile to remember that such spectaculars
that form milestones of human achievement contribute honestly to people's self

esteem. They are the necessary steps to give us the confidence to go on to even
greater achievements. Yesterday's "stunt" is tomorrow's useful routine.

Remember, we are inventing the future, not merely predicting it. When
people asked, "What will the new deep research submarines look for?" the best
answer was: "For things we don't yet know," To survive in a new environment,
true readiness is to be ready for the unexpected.

Let us start at the coastline. Instead of smoothing and concreting coast-
lines, we may scallop them to build as many harbors and estuaries as we can
and to lengthen the total coastline of the earth. There is a snowflake figure in

mathematics which shows that any area, however small, can be enclosed by a
line of infinite length. The smaller the scallops or harbors we build, the longer
will be the coastline. But if our purpose is to provide seashore not only for the
organisms in the sea but for peoples' recreation, the theoretical concept of in-
finity becomes finite in terms of the quantum of people size.

Next, perhaps, we should heat up some coastal waters not only so that you
can swim in them but also to make suitable warm water habitats for transplanting
useful fishes that previously could not multiply there. With the coming rash of

large nuclear reactors, waste heat is regarded by the land engineers as a prob-
lem because when it is introduced into cooling water, it produces profound eco-
logical effects.

Many conventional conservationists consider any changes of this kind with
the environment to be bad. But if we go about it in a sound engineering way, we
can introduce waste heat into the sea in a number of different ways and find
those effects on the ecology which are beneficial. Thereafter, this heat would
no longer be waste but be useful.

Because land engineering with its parochial focus in conserving our land
and preventing it being washed into the sea and because of the almost total use
and reuse of fresh waters so that rivers will no longer flow into the sea, the
sand that maintains beaches along the shorelines no longer simply comes down
from the land. Beaches are not just there. Sand is continually being taken away
to accumulate in the canyons on the continental shelves or even in the deep sea.
We'll need to dredge the .sand back and remake the beaches. The beaches will

still be in dynamic equilibrium but one link in the cycle will be provided by
man's intervention through ocean engineering. When we leave the shoreline, we
will need vehicles to supplement the conventional ones which are so limited by
the wind and wave at the air -sea interface. We need increasingly to go down in

submarines or up in true air seacraft. Present seaplanes can only make emer-
gency landings in the sea. We need the kind of air seacraft that can fly out,

settle, do its work in a high sea, take off vertically, perhaps, and move on to
the next job.

The present factory ships with their catchers that catch and process whales
and fish will grow into floating oceanic cities. We are beginning to get inklings
of how to quiet waves by punching holes in harbor walls, much the same as we
punch holes in acoustical tile to absorb sound energy. With these elements as a
beginning, floating artificial harbors or wave -stemming walls of the floating
cities become possible. Or, more comfortable dwelling quarters may be float-

ing stably a hundred feet or so below the surface where any wave motion is so
damped out as to be unnoticeable. The artificial harbors and other mother ship
platforms must be arranged to retrieve small submersibles, to retrieve them
underwater so that a rendezvous in the high seas--a much more difficult job
than a rendezvous in space- -becomes unnecessary.

8
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After surface cities, habitations floating under the water, the next step

toward widespread structures on the bottom of the sea necessitates some ocean
bottom engineering surveys. We'll need to develop bottom vehicles to travel be-
tween the ocean cities. But even before this, we'll have to develop a whole body
of knowledge on submarine soil mechanics. How will the ocean sediments sup-
port foundations and crawling vehicles? How stable will be the natural slopes or

the embankments we construct on the ocean bottom? How does the bottom erode?
And how well will it hold moorings? We need an expedition across the bottom of

the Atlantic and the Pacific in crawling vehicles containing men to survey the

terrain- -a Lewis and Clark transocean bottom expedition. Until then we will not

know how currents, erosion, and sediments will affect our engineering works. We
do know from broken submarine cables that there are catastrophic phenomena
much stronger than our concept of the "quiet in the deeps" would lead us to be-
lieve.

Also in advance of the widespreaduse of bottom structures we need to study
the properties of materials at very high pressures. Materials suffer effects at

these pressures which are quite outside the domain of ordinary land engineering.
Glass apparently becomes less brittle. The analytical mechanics of thick shell

structures must be tackled without the simplifications which are satisfactory for

the thin shells we use on land.

Already, thanks to the work of the physiologists, divers can live and work a
few hundred feet down. There seems every prospect that a thousand feet is now
not out of the question. This refers to living at the ambient pressures. In the

greater depths the structure to which we have referred, which will withstand the

pressures, will be necessary. Once people can work and live at a thousand feet,

the whole of the continental shelf, an area of 10 million square miles, larger
than North America, is opened up as a new continent for our use. Oil drilling,

mining, salvage, and even fish farming can be done by people down there and not,

as now, on the end of the string from a wobbly surface.

So far I haven't mentioned power. And we are becoming accustomed to think
that the potential of nuclear power is so great that we can dismiss other sources
of power. The ocean is such a source, but it is termed a low-grade source be-
cause you need to imprison, or otherwise use, a great deal of sea water to get a
usable quantity of power. So that in general the power of the sea has been re-
garded as a nuisance rather than a potential to be tapped. Usually when people
think about the ocean's power, they think of tidal power and, indeed, there are
several tidal powerplants operating; in fact, tidal power was used to mill grain
a century ago in places like Maine.

But many times the tidal power potential exists in the difference in tem-
perature between the top and the bottom of the ocean- -the thermal gradient power.
There are many places in the sea where differences of 10° occur over very short
horizontical or vertical distances. So far, there is only one small thermal gra-
dient plant in operation. With huge structures at sea, wave power becomes a
possibility. It's not easy to harness the up-and-down motion of the waves in any
practical or efficient way when we have small objects bobbing on the surface
even though the wave energy withstood by a ship's hull may be many times that

required to propel the ship. But with the size structure we envision- -huge arti-

ficial harbors, and stable platforms, wave power becomes a possibility.

The ocean engineering in support of what we may call conventional fishing
is already here. The behaviorial scientists have a wealth of information on the
response of fish to sonic, chemical, and electronic stimuli that may take the
place of ordinary bait. And floating chemical engineering factories can take the
whole catch, sort the fish automatically- -trash fish for meal, more valuable
fish for canning or freezing, and more importantly, count the species to keep a

check on what is the renewable harvest.

9



36 SEA GRANT COLLEGES

Where existing advanced methods have been used in fishing, there is al-
ready the danger of overfishing- -of making the whales become extinct--and this
implies the urgent need, before we go much further in harvesting the living re-
sources of the sea, to have a way of keeping an inventory of all the species we
take from the sea so that we may be sure that they are renewed each year. And
also to get an idea of how much we can increase the sustained yield when we
intervene.

In gathering the living things of the ocean, ocean engineers shouLd consider
whether other living things themselves, may do our building and collecting more
efficiently than mechanical machines that we can devise. It would be very ex-
pensive to collect enough euphausid shrimp, but whales collect and convert them
very efficiently. Perhaps we should be breeding whales instead of exterminating
them. Can we accelerate the coral animal to build reefs? Can we use shellfish
to concentrate minerals? Can we plant seaweed to stabilize beaches? Can we
hybridize the plants that grow in sea water, the seaweeds, and use them much
more extensively as sea fruits and vegetables? Perhaps we can even contribute
to the land by using the wealth of information on halophytes-- salty habitat
plants- -not only to grow useful food in sea or brackish water but actually to de-
salinize water by the use of plants which concentrate salts within them. Seaweed
is a good source of iodine, for instance.

These are the beginnings of farming the plants of the sea, but what about
the animals? Plants are easier to farm and harvest because they may be rooted
or even if they are floating they are easy to control. Shellfish, which are indeed
farmed, are the next easiest for the same reason. Oysters, clams, and shrimp
are cultured to a greater or lesser extent in ponds and semienclosed arms of

seas. Next it is not much of a step to conceive of lobster traps on the bottom of

the continental shelf, acres in extent- -in fact, bottom fishes in general would
seem to be most easily susceptible to fencing. Then how do we fertilize the sea?
There are two ways in land farming; namely, plowing and adding nutrients. The
counterpart of plowing in the sea is upwelling that brings nutrients from deeper
water to the euphotic zone. The idea of doing this artificially by heating up the
ocean with a nuclear reactor at the bottom has been thought of, but on analysis
does not seem economical. But the waste heat from nuclear reactors for other
purposes may well be used in this way. The motions of the sea itself, which in-

deed cause upwelling notably in such productive waters of the Humboldt Current,
may be studied and ocean engineering intervention may devise ways of making
the sea plow itself more efficiently.

How can we fertilize the sea? It is manifestly impossible to add sufficient
of the basic nutrients to open sea water, although this is possible in estuarine
or pond water. In the sea it's stirred and mixed away, unlike the use of ferti-
lizer on land. It does seem possible, however, to add the trace substances once
we know which are most important to growth. The study of trace elements, too,

will lead us to more successful transplantation of useful fishes from one area of

the world to another. Then, too, by using what the marine scientists know about
the food chain, we can eliminate some of the unnecessary and less useful species,
that is, intervene in a way that might be called "weeding the sea."

One other aspect of the use of the sea which is already with us and may
grow even faster and stimulate ocean engineering more than these "naore seri-
ous" uses of the sea is the important part the sea can play in recreation of the
people in an increasingly crowded land world. Already you can purchase a small
sporting submarine for not much more than the cost of an automobile. Thou-
sands of people go down in the sea in aqualungs. Millions of dollars are spent
on boats, elaborate fishing equipment and underwater cameras for people's
recreation at sea.

Perhaps some of the first underwater structures will be for recreation.
As mass-produced underwater vehicles come within the reach of ntiany, under-
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water resorts will develop where people will drive their submobiles and visit

reefs, watch the oceanic wildlife in its natural habitat much the way we do in

the wilderness and park areas on land.

These examples give you something of a vista of what ocean engineering
can do in the sea and show you how engineering and technology can bring every-
one close to the oceans and develop the sea's resources for everyone's use just

as on land. Engineering has provided us with our dams, our fuels, our sky-
scrapers, highways, planes, ships, satellites, and the biological engineering
which we call agriculture has supplied us with our abundance of good food. I

have said that ocean engineering will fill the gap between marine scientists and
those who use the sea. But we need a way of bringing the vast body of scientific

knowledge about the sea to the people who use it. We need to bring knowledge of

the ocean to people other than the scientists who develop it, and not only to the
engineers but to all the professions that must be related in a vast world develop-
ment of this kind. We need an educational plan far broader than the existing
ones that produce excellent marine scientists. There is not a single activity of

people that would not be affected by our man-in-the-sea program and there is

hardly any facet of man's knowledge and experience that will not be needed to

complement the ocean engineering effort.

Under the land- grant college program, scholars did not disdain to tackle
hard practical engineering and biological engineering- -that is, farming- -prob-
lems in parallel with basic scientific work. In fact, often the arts of engineering
and agriculture outstripped the sciences by building things and growing things
better before physics, botany, or zoology quite understood why. Working in par-
allel, discoveries in the basic sciences were quickly put to use. So successful
was this idea that we would be remiss if we did not use it as a blueprint for our
ocean venture.

The sea-grant colleges not only would concentrate on applications of science
to the sea, such as prospecting underwater, mining, developing the food re-
sources, marine pharmacology and medicine, shipping and navigation, weather
and climate, but they would relate these to the natural sciences which underlie
them; to the social sciences, economics, sociology, psychology, politics and law,
as they are affected by and, in turn, affect the occupation of the sea. They would
also be associated with the liberal arts- -literature, art, and history- -which de-
scribe man's relation to the sea and enhance his enjoyment of it.

Just as the land-grant colleges were given in perpetuity grants of land for
their experimental plots, in some cases lands in which mineral resources were
found or that grew to be otherwise useful and served to provide income for the
ongoing of the total enterprise, so sea-grant colleges should be given grants of

seashore or lakeshore, seawater and bottom within territorial limits as their
experimental plots to stimulate the development of aqua culture in the waters
and the prospecting and ways of exploiting the natural resources of the sea bed.
These watery grants would serve the additional purpose of preserving tracts of

seashore and open waters from the fiercely competitive pressures due to in-

crease of population and industrialization- -preserve them not only as natural
habitats for ecological studies but as the important nursery areas for high-sea
fish and residences for in- shore food fish and shell fish. The sea-grant col-
lege, to do its job, will also need its county agents in hip boots --an Aquacultu-
ral Extension Service that takes the findings of the college or university onto the
trawlers, drilling rigs, merchant ships, and down to the submotels. The sea-
grant college to do its job in aquaculture and ocean engineering will need sea
home economics, too. Even if we had abundant protein from the sea today, a
selling job would need to be done to remove taste prejudices and taboos, and
this is done by such a down-to-earth service, yet one which touches more people
than the erudite things we do in universities, as home economics. As we breed
and farm fish, we will need to have fish vets, fish pathologists, and experts on
the diseases and parasites that may plague our flocks in the sea or our plants.

11
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We will no longer be able to tolerate epidemics like the blooming of a red tide
of dynaflagellates that make widespread fish kills and are concentrated by mol-
lusks so that these poison people.

Law is an utterly important adjunct to any widespread exploitation of the
sea. We need a clarification of the law of the sea and a way of, on the one hand,
being able to grant rights so that a group investing capital in vast projects may
be assured of some stability toward a reasonable return and, on the other hand,
better legal controls to prevent overfishing. Economics, too, must play a major
role. The reason that nobody pays attention to preserving the inventory of
whales in the sea and that nobody confines himself to a catch that is calculated
to build up the stock and take the renewable amount as harvest, is an economic
one. The whales in the sea are not on anyone's books as an economic asset.
Public administration, with due regard to national and international politics,
must find a way out of the dilemma that is posed when nobody owns what's in
the sea, and when nobody feels responsible for its controlled exploitation.

The marine engineer who emerges from our sea-grant institutions will be
as different from the old-fashioned marine engineer as the satellite engineer is

from the one who operates a heating plant. The aquaculturist will be different
from the conventional fisherman. Oceanic engineering and aquaculture, the con-
trol of the sea for man's purposes, will take all our imagination and inventive-
ness as a magnificent challenge.

The oceans will offer us military, recreational, economic, artistic, and
intellectual outlets of unlimited scope. Thus they'll offer us more space than
space itself in which to remain human. The sea- -beautiful and dangerous, ele-
gant and strong, bountiful and whimsical- -not only challenges us but offers to
every "man in the street" the exciting participation of being a "man in the
sea." Like a military operation where a war is not won until the area is occu-
pied, we will master the sea only when we occupy it.

But to do this we must have sea-grant universities and colleges that focus
with commitment on the sea- -that seek to impinge all our intellectual disci-
plines on the mastery, exploitation, and preservation of the sea. Just as the
scholars in the land-grant college developed a passion for the land and led not
only, in ways to benefit by it, but also in the ways to preserve it --we must seek
through a welding together of science, art, literature, engineering, medicine,
law, public administration, and politics to develop a public which will not only
homestead our new spaces in the sea but colonize and civilize them through an
integrated interdisciplinary education in the sea-grant universities.

12



SEA GRANT COLLEGES 39

THE NATIONAL SEA-GRANT COLLEGE & PROGRAM ACT OF 1965

Senator Claiborne Pell, M.A., Columbia University. A native of New-
port, Rhode Island, he was elected to the United States Senate in 1960.

He served in the Coast Guard during World War II and is presently a

Captain in the USCGR. He has taken an active interest in maritime
affairs and in oceanography, and has worked on the concept of legis-

lation to establish an educational program aimed at making maximum
beneficial use of our country's marine resources.

Ladies and Gentlemen:

I am delighted to have this opportunity of sharing in this national confer-

ence to develop plans and ideas for implementing the concept of sea-grant

colleges.

Under the sponsorship of the University of Rhode Island and the Southern
New England Marine Sciences Association, this conference is of great meaning
to our own State and to the goals we seek for advancing.in the best possible

fashion, our knowledge of oceanography and education in the marine sciences.

Such increasing knowledge and education can bring highly important benefits to

Rhode Island and to the United States in the years ahead.

I am particularly delighted to participate in this conference with so many
leaders distinguished in the broad area of oceanography. Dr. Horn, as Presi-
dent of the University, and Dean Knauss, as head of its Graduate School of Oce-
anography, have brought the University of Rhode Island to a position of not only

state but national prominence. I have long admired the imaginative and pioneer-

ing programs established at URI. And it is also a singular pleasure for me to

share in this conference with Dr. Athelstan Spilhaus, Dean of the Institute of

Technology at the University of Minnesota. Dr. Spilhaus is a pioneer of the sea-

grant college concept- -which I have sought as a Senator to implement within the

framework of new legislation.

As you may know, I have recently introduced in the Senate proposals for

national sea- grant colleges and for a program of education ainaed at making
maximum use of our country's marine resources. They are an asset which we
have only begun to explore. The legislation, I believe, can be of benefit to this

University, to Rhode Islanders, and to our country as a whole.

Rhode Island has had a long and historic association with the sea. Eighty-
eight years ago, Alexander Agassiz--a resident of this very city of Newport-

-

organized the three cruises of the Coast Guard vessel, BLAKE. These voyages
marked the first major effort of the United States in oceanographic exploration.

Until the end of the last century, the Alexander Agassiz laboratory in Newport-

-

stemming from a concept originated by his father, Louis,- -was our nation's

historic center of early research into the mysteries of the marine environment.

Thus Rhode Island can lay rightful claim to the beginnings of oceanographic
studies which this University has so well expanded. History combines fittingly

in this respect with continuing and improving purpose. A great deal more needs
to be done, however, if we are to make full use of our potentials and develop the

skills and understandings we will need for the future.

The oceans and their deeps constitute a last physical frontier here on earth
which man has by no means fully investigated.

Until recent times, as President Johnson has pointed out, the oceans have
been looked upon chiefly as "barriers to invasion." "We must now see them as
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links," the President has stated, "not only between peoples, but to a vast new
untapped resource. It is becoming increasingly clear that there are large min-
eral deposits under the oceans. But before this treasure becomes useful, we
must first locate it and develop the technology to obtain it economically. We
must also learn more about marine biology, if we are to tap the great potential
food i:esources of the seas."

President Kennedy in a message to Congress said that our "very survival"
may hinge upon the development of our knowledge of the oceans and the resources
they contain.

Emphasizing the growing concern of members of the Congress in ocean-
ography is the number of legislative proposals in this area miade during the first

Session of the 89th Congress. Let me pay tribute, at this point, to the oceano-
graphic pioneer of the Congress -Senator Warren Magnuson, whose bill, as I

have said in the Senate, provides for the first time a clear statement of our
nation's goals in oceanography, and a means to determine how the federal pro-
gram can be organized most effectively to meet these goals.

My proposals, I believe, would serve to augment Senator Magnuson's con-
cept of a well- coordinated National Council for Marine Resources and Engi-
neering Development. Specifically, my proposals would help engender the
skilled manpower and technology for the many important facets of evolving work
in which the Council, envisioned by Senator Magnuson, would be engaged.

Under my bill, sea-grant colleges would be those supported by the act,

either in part or in whole. The bill would provide immediate assistance to al-

ready existing institutions, enabling them to expand established programs and to

develop corollary programs- -as, for example, the University of Rhode Island's
creation of a two-year school to train fisheries technicians.

As it is in somany other areas relating to our country's future accomplish-
ments, education, I believe, is a key factor to the beneficial harvesting of the
seas. We need more young scientists skilled in oceanography; but, just as im-
portantly, we need the technicians to translate into practical results scientific

theories and discoveries. We need more young engineers accomplished in the
marine sciences, and we need the facilities and the equipment which imaginative
and educated minds can help us produce.

In the past we have made tremendous strides forward in agriculture. Now
we need to concentrate with equal zeal on aquaculture.

There is a close parallel between the National Sea-Grant College and Pro-
gram Act of 1965 I have introduced in the Senate and the legislation, originating
almost 100 years ago, to establish the land-grant colleges which provided such
a great stimulus to the development of agriculture. Modern methods of contour
plowing, crop rotation, the development of hybrid plants and modern farm ma-
chinery and equipment, all testify to the increasing advances in agriculture which
continue to benefit our country and its land.

Before the advent of the land-grant colleges, the average American farmer
produced enough food to feed himself and four other people. Today one American
farmer produces food for 37 people, including five in foreign countries. In other
words, the American farmer has increased his productivity seven-fold.

Contrast this 700% productive increase with that of the average individual

American fisherman- -which stands at only 33% on a comparable basis over the

same period of time- -and we can conclude that today's farmer has increased his

efficiency 20 -fold over today's fisherman.

To further pinpoint these factors, statistics from the Bureau of Commer-
cial Fisheries show that the average medium- sized U.S. trawler fishing the North
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Atlantic is 24 years old, that smaller trawlers have an average age of 27 years,

and that a large percentage of our American fishing fleet is 50 years old. A man
may be in the prime of life at these ages- -but not a fishing vessel. Obsolete-
ness in this case accompanies age- -and, you might say, Neptune cruises the

seas along with Davy Jones.

Our fishing industry employs today approximately half a million people
whose catch is estimated to be worth a billion dollars to our national economy.
Imports, however, provide more than half our country's supply of fishery prod-
ucts. The old days of American preeniinence in the harvesting of the seas--
the days, for instance, when the world whaling industry was dominated by Amer-
ican skills- -have been washed back into the history books. We cannot, like King
Canute, expect to turn back the waves, or reverse the tides of history, by mere
demand or edict. But we can create new channels for our ingenuity to follow;

and, just as we have made the land more and more valuable to us, so can we
make the seas of ever increasing advantage.

Already our country is receiving a substantial amount of revenues from
the ocean deeps, chiefly from rents, royalties and bonuses from off-shore oil

properties under governmental lease. Over the past 10 years these revenues
have amounted to over $1.5 billion. My proposals envisage using ten per cent of

these revenues annually for the sea-grant college program.

Not all the revenues are immediately available- -a proportion is held nor-
mally in escrow. However, it can be predicted that by the means I suggest an
annual sum of at least $10 million would be available to finance the program.
And we can also forecast that this amount would grow as the program itself

made possible the expanded useful exploitation of marine resources. Thus, a
cumulative and evolving process would be established. What better investment
could we make from revenues which come from the seas? The same concept
applied to the land-grant colleges; and that investment has been returned many,
many times over.

In recent years our off-shore revenues have varied considerably. Last
year they amounted to approximately $100 million, and this amount is expected
to increase during the current year. So that there can be appropriate funding
for the program 1 envision, my bill calls for the deposit of ten per cent of these
revenues in a special account in the Treasury. They would then be available for
appropriations on a stable annual basis.

The legislation I have introduced calls for administration of the sea- grant
college program by the National Science Foundation. Although I remain open-
minded on this subject and there may well be other proposals we will wish to

consider, the National Science Foundation would seem a logical and appropriate
choice. It is already engaged in helping support oceanographic undertakings in

some 18 institutions of higher education, including the University of Rhode Island.

The Foundation has achieved a reputation of excellence and has contributed sub-
stantially to scientific advancement in a great many areas which involve our
national interest and our future goals. And these --both our national interest and
the goals we seek for our nation --are basically involved in the concepts we are
discussing at this conference. It has been suggested that we consider how best
to orient our existing institutions within the concept of greater and more mean-
ingful emphasis on oceanography- -whether a sea-grant college should be con-
stituted so as to focus entirely on studies in the marine sciences, or whether it

should be oriented so as to offer a variety of education in other subjects. Dr.
Leland J. Haworth, director of the NSF, has pointed out that "the outstanding
characteristic of modern oceanography is the extent to which the fundamental
sciences--physics, chemistry, and biology--are being used to develop under-
standing of the subject."
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It would seem to me best, for our long range interests, to utilize our
existing universities insofar as possible. I am a great believer in a broad-
based education as an antidote to an age of increasing specialization. That is

one of the prime reasons why I have worked during three Congresses toward
the establishment of a National Foundation on the Arts and the Humanities- -and
let me say how very pleased I was when this legislation finally came to fruition
a few weeks ago. I believe it can strengthen the whole fabric of our society in
future years, in sharpening our awareness of excellence, in giving us a greater
ability to evaluate the past in terms of the present and future. Dr. Haworth--in
a statement submitted to our Senate Special Subcommittee on Arts and Humani-
ties, under my Chairmanship, said he was convinced that the new Foundation
would "ultimately bring added strength and vitality to our science and tech-
nology," and Dr. Glenn T. Seaborg, Chairman of the U.S. Atomic Energy Com-
mission, in testimony before the subcommittee on the legislation, said that "in
a democracy it is essential that science and the humanities be firmly united in
a creative partnership."

Thus, it would seem to me that the university with a balanced program of
education, with opportunities for expanding man's knowledge in diverse fields,
would be the ideal home for the sea-grant college concept- -in a word, it would
afford the opportunity to specialize in a relatively new and immensely exciting
scientific area, within the framework of broad-based higher education.

A sea-grant college, as I visualize it, would have, of course, special facili-
ties, a special curriculum. Ideally, as in the case of the University of Rhode
Island, it would be located on the sea itself, so that its students could have ac-
cess to the kinds of technical equipment and facilities we will need increasingly
to develop if we are to harvest the full potentials of the seas. Such facilities
could include experimental stations, as adjuncts to the college, to develop new
techniques in underwater mining, in ship design, and in the numbers of devices
which will allow man to explore the ocean depths. We will also need to experi-
ment in methods of conservation, and in developing the crops which the seas are
now known to afford, and in seeking out new harvests and the means of making
them most beneficial. In this connection, it is estimated that man derives only
one per cent of his present food requirements from the salt-water environment.
It would be hard, indeed, to underestimate the beneficial food potential of the
seas- -particularly in view of the rapidly expanding population.

I do not believe that a sea-grant college need necessarily be based on the
oceans themselves- -in states bordered, for example, by the Atlantic or Pacific
or the Gulf of Mexico- -although as I have pointed out such locations would have
certain advantages, and I believe these states could properly take the lead in
the sea- grant college program. I would envision a national effort evolving with
courses in oceanography offered at universities in our inland states, and of
course in those bordering on the Great Lakes.

However, a national effort of this magnitude needs to begin in the right
manner. At the outset it would seem best to utilize the resources of institu-
tions which have already established a reputation of leadership in oceanography,
such as the University of Rhode Island, to provide them with adequate funding
so that they can become the nucleii around which a national effort and program
can evolve. In a new and pioneering field, let us recognize the pioneers and
provide them with the necessary facilities to lead us forward.

As our knowledge in oceanography grows, and indeed as integral to its

development and beneficial uses, I can foresee great new opportunities opening
up for the business community in our own state of Rhode Island and throughout
the country. In fact, many businesses are now making plans to develop the type
of special equipment we will require to explore the deeps- -where the pressures
are intense, where the environment is hostile to the human being, where man
needs skillfully tooled devices made of non-corrosive materials to act as his
arms and fingers to extract samples from the ocean floor.
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It is interesting to note that some of the equipment we are developing for
the exploration of outer space can also apply to our deep-sea explorations.
Sophisticated electronic devices that will help chart the topography and content
of the ocean floor, as well as having the applicability to the realms of outer
space, are within the reach of our ingenuity. Here is where industrial research
and development and the sea- grant college concept go hand in hand- -for the
trained technician helps the industry find new avenues for expansion, and these
in turn create a demand for the greater skills which our educational process can
provide.

Not long ago we celebrated Columbus Day. We thought in terms of dis-
coveries made almost five centuries ago, and of man's quest across an ocean
which men once thought flat and demon- surrounded, of watery abysses and
plunges into a limitless unknown. We may have exorcised the demons and the
myths; but we are still only on the threshold of plunging into that unknown. The
great White Whale of Herman Melville's imagination, the image of mystery and
fascination, continues to travel the deeps. We know only that the plunge can be
richly rewarding- -in terms of man's increasing knowledge, in terms of the tan-
gible benefits to our society.

We can estimate with considerable exactness for example, that with mod-
ernized vessels, equipment and gear, the harvest of our off-shore fisheries can
be increased ten-fold.

We know that our petroleum engineers and geologists believe we have only
commenced to tap the vast submarine oil reserves which lie along portions of

our coasts where the water is relatively shallow- -and that vast additional oil

reserves can be predicted at greater depths, and that their economic benefits
simply await the development of our technology.

We know that gold is being mined off the Alaskan coast, and phosphorite
for fertilizers off the coast of California.

We know that glauconite, used as a soil conditioner and water softener and
as a source of potash, has been discovered off the east coast of our country.

We know that platinum, iron, chromium, tin and tungsten are among other
valuable minerals to be mined from the ocean floor.

These are among the "known" factors in the great unknown area of the
seas. And in a fashion we are like Columbus, on the threshold of new discover-
ies. We travel on different vessels in a different time- -but let us make sure
that we don't "miss the boat"--that we voyage forward in the best possible way.
That is really what this conference is all about- -and why I am so pleased to have
had this opportunity of sharing with you my own views.
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THE ROLE OF SEA-GRANT COLLEGES IN FISHERY DEVELOPMENT

Wilbert M. Chapman, Ph.D., University of Washington, 1937, He is

the Director, Division of Resources, Van Camp Sea Food Company,
San Diego, California. He has had a distinguished career in both
state and federal government fisheries activities, in education, and
in industry.

A little less than twenty years ago I was asked to become Director of the
School of Fisheries, University of Washington. It was the period of post-war
readjustment, the beginning of the great growth period of the universities bol-
stered by the federal act giving educational advantages to people who had served
in the war. We were promised by the university administration what was to us
a palatial new building equipped with research facilities of which we had scarcely
dared dream before, and a vessel large enough with which to work Puget Sound.
We were given a pretty free hand to reorganize the curriculum in what ways we
thought to be best, and funds with which to lay on new professorial staff.

We did all these things. We spent much more time on the design of the new
curriculum than we did the newbuildingor ship, as was proper. Most of us were
graduates of the school, or the antecedent College of Fisheries, and had been
out in the world working at our trade since. None of us was particularly happy
about what had been our educational preparation for what we had encountered in

the outside world. We were determined that the graduates we sent out into the
Brave New World would be better prepared.

The first trouble we had was in estimating what the shape of the market
for graduates would be. The school had been in business then for about 25
years, and therefore we had some pattern of success and failure to go on.

For the first ten years the College of Fisheries had been run by Dean John
Cobb as primarily a technological school aimed at training persons to go into the
fish business. It had been the Northwest fishing industry that had insisted on the
college being established at the university and this was what they had wanted,
and thought they needed. For the second, and longer, period the School of Fish-
eries had been run by Dr. Will F. Thompson on an almost diametrically different
basis as a scientific educational institution with substantially no technological
training offered at all. This was also what the Northwest fishing industry wanted
then, and thought it needed, because in the early 1930's it had run into a variety
of conservation problems and needed persons adequately trained in fishery
science with which the state, federal and international conservation agencies,
which had grown up to attend to these urgent problems, could be staffed.

The record of graduate performance coming from these two disparate
sorts of training was puzzling. In the first place a quite high percentage of the
graduates had stayed in the fishery field (something over three-quarters) and
they filled quite high places in this field both in industry and government, and
both in the United States and in other countries. From this viewpoint it was
hard to tell whether one sort of training had been better than the other, and on
a purely pragmatic basis of graduate success both seemed to have done pretty
well. In the second place there was not any clear relationship between the type
of education the student had had and the type of work at which the graduate was
prospering.

Federal, state, and international conservation agencies, and those of sev-
eral other countries, were staffed with our graduates from the early period of

primarily ir;dustry- oriented technological training who seemed to be doing about
as well as colleagues trained elsewhere and actually were beginning to domi-
nate this field as administrators. Also, some from this period had gone into
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the fish business, as they had been trained to do, and were prospering. A few
were even university professors. But from the second period, when the training
was scientific, and practical preparation had been almost totally ignored, sev-
eral graduates had gone into industry, and they were prospering at least as well
as had their practically trained predecessors. The few female graduates from
both periods had mostly married fishery fellows and seemed to be raising fami-
lies with about equal degrees of felicity and domestic tranquility.

There did not appear to be much rhyme or reason to all of this. One dedi-
cated young fellow who had had no other aspirations than science, and gave every
promise of being a good scientist, was in the fresh and frozen fish business mak-
ing money hand-over fist (and still is). Another, trained as a hatchery biologist
and technologist, was then head of the fishery function in the United States govern-
ment. Another trained as a fresh water fishery biologist, with much emphasis
on hatchery techniques, after some successful years at that had joined a large
corporation in the salmon industry and was doing very well, with his primary
responsibilities being in the labor relations field. Another from the early tech-
nology period was on the verge of becoming, as he since has, the director of one
of the international fishery commissions having as the core of its work conser-
vation research and regulations requiring the most exquisite and varied science.
He had little pretense at scientific training or capabilities. His prime qualifica-
tion was that he was bright, and he had been before he came to us for training.

There are none of the international fisheries commissions that have done their
work more satisfactorily than his has done since. Perhaps the most bizarre,
almost humorous, case was my own. I was trained as a comparative osteologist
specializing in icthyological systematics, had recently returned from establish-
ing subsistence fisheries on the most practical basis for the troops at advanced
bases in the South Pacific, was now director of the school, and was slated to go
to the Department of State soon to try and straighten out for the Undersecretary
the diplomatic snarls into which our international fisheries had enmeshed us.

The demands upon us from prospective employers were highly varied and
each seemed to know precisely what he wanted. There was a flood of students
from countries in what is now called the developing world. Many of them were
poorly prepared academically for the sophistication of education we were pre-
pared to give. They were coming our way chiefly because the word "fisheries"
was in our name, our graduates had made good reputations where they had gone,
and their countries wanted their fisheries to be developed.

Hatchery techniques had become more sophisticated and state and federal
agencies wanted graduates who could become hatchery superintendents. Fish
processing techniques had become more sophisticated and the fishing industry
wanted better trained graduates to run their establishments. Conservation
science had become ever so much more sophisticated and the conservation
agencies wanted graduates with a much broader and more competent scientific
training than we had been giving, which to that point had been pretty good for
the times.

Each of us faculty members made up a curriculum which students in his
persuasion should follow to be reasonably well trained in that field. The net
result of the first examination of these curricula suggestions by us all was that
a student would require about five years of undergraduate preparation before
he was academically equipped to approach the fishery field, and another five
years of graduate courses in fisheries and oceanography before he was fit to
get out professionally stamped by us as ready for duty, and we were then pri-
marily considered to be an undergraduate department of the university.

All this seemed, of course, a little rediculous even to us. We did rework
the curriculum fully, but not according to the previous ideas of any of us. On
the basis of what our graduates had done after graduation we decided to slip
back about half way between the technological training of the old College of
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Fisheries and the scientific training of the newer School of Fisheries. Almost
none of our clients thought this to be wise. We determined to move toward being
totally a graduate school, which almost all the students resented. We deter-
mined to raise the qualifications that a student was required to have to get into
our institution. The university administration did not like this because we were
a state institution open to almost all comers. This was probably the most sen-
sible move we made because bright students make bright graduates and success-
ful careers almost no matter what their professors do to them. Lastly, we em-
phasized seminar- like courses where the students could range over broad cuts
of the fishery field with considerable independence but under the critical eye not
only of the professor, but of their classmates (a much more critical audience).
This was aimed not only at training independence of inquiry and mind, but at
causing cross -fertilization of ideas among the broad spectrum of fields for which
we were asked to train.

I left for the Department of State about the time this new curriculum, so
carefully worked out, began to come into action. Accordingly, I take neither
blame, nor credit, for what has happened since.

What has happened in the ensuing seventeen years is that there is still

high dissatisfaction with the type of training given by what is now, again, the
College of Fisheries of the University of Washington, and all graduates are em-
ployed as soon as they emerge. The technology training has now become mostly
microbiology as sophisticated as the biological sciences. The biologists tend to
take minors or majors in the more hard science oriented Department of Ocea-
nography. Most graduates still stay in the fishery or ocean use field. Those
technologically trained end up in the industry, the conservation agencies, or as
university professors and do pretty well. Those scientifically trained end up
in the industry, the conservation agencies or as university professors, and do
pretty well. An occasional female still shows up as a fishery major. They still

marry fishery fellows and settle down to raising families about as well as col-
leagues who have not had the benefit of a fishery education, whatever that is.

The faculty of the College of Fisheries is still tussling with the vital problem of
how to change the curriculum around so it can produce graduates better equipped
to do better with the problems of ocean use.

I think this story has a bearing on the concept of the sea- grant college and
that is why I have told it. I will go on to relate a thesis that will seem thoroughly
corny to most of you, but that seems to me to be the most important concept in-
volved in this sea-grant college business.

THE SEA-PEOPLE

Forty years of kicking around this business has left me thoroughly con-
vinced of the following thesis: The ocean weeds out from all of the races of
mankind that come upon it to make a living a certain type of person. This type
of person stays with the ocean and the rest are cast back ashore to deal with
the land-people.

I have sat on a nail- keg on the dock at Yaizu, Japan, conversing through an
interpreter with Japanese fishing captains who have returned from the far cor-
ners of the world ocean, unloaded their catches, and are ready for a cup of tea
and a chat with a foreigner while the crew washes down the vessel. The topics,
the frames of reference, the attitudes, the background of experience and the gist
of the conversations were so identical with those I had had with unschooled Mela-
nesians in the Solomons; deep-water halibut men of Norwegian descent on their
vessels in the Northeast Pacific; sophisticated California tuna- clipper men of
Portuguese, Italian, and ordinary Anglo-Saxon descent, in San Diego; Russian
trawl masters working off West Africa; and Arab sail dhow operators in the
Arabian sea. that I felt perfectly at home. In all cases the prime problems were
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two: how to wrest a living from the ocean, and how to keep the land-people from
stealing it all. I was not a foreigner. For this purpose I was one of the sea-

people, and the Japanese captains wanted to know how I and my people dealt with

these key proble.-^is, as we wanted to know their experiences.

I have bat through two all-nation conferences on the law of the sea when
the fishery people of all these countries came rather quickly to an agreement on

the wide areas of mutual sea problems they could agree upon, and then absolutely

confounded their diplomatic and military delegation leaders by quite refusing to

let them agree to things the fish people did not want agreed to. The chanceries

and Pentagons of the world still have no clear understanding of what happened
to their objectives at the UN Law of the Sea Conferences in 1958 and 1960. Del-
egation leaders were unable to understand why, at the confusing end of the 1960

conference, fishery and Navy delegation members got together for a roaring

drunk to celebrate their magnificent defeat.

Sea-people are different than land-people and I think it is the selective ac-

tion of the ocean that creates and augments the differentiation. The older ones
are worse than the younger ones, but the differentiation sets in pretty early. I

think that what we are about, in considering the concept of the sea-grant college,

is the education of these sea-people following the general precepts of the land-

grant college concept which did such a good job of doing the same thing for the

farm and village country people who are, again, much different than the city

people but required, during the last century, almost as sophisticated an academic
background to deal with their land problems as the city people did to deal with

their social problems, and as the sea-people now need to deal with their ocean
problems.

Every aspect of human activity or thinking that the ocean touches suffers

a sea-change into something rich and strange. Whether this is the gathering of

food, the conduct of hostilities, the transportation of things, jurisprudence, the

moulding of character and attitudes, the outfall of literature, mucis and the arts,

or whatever, the sea molds the product and producer away from the land mold.
A court-musician of central Europe who has not heard a storm in the rigging

could never write tempest music as did the Finn, Sibelius. A novelist from the

hog- corn belt could never recapture the effect of storm and wave on the moulding
of human character and action as did the Polish sailing nmaster in THE NIGER
OF THE NARCISSUS. Wheat ranchers and apple knockers do not make very
good tuna or halibut skippers, or destroyer squadron fighters, unless you catch
them pretty young and let the ocean weed out the ones it wants to train.

For the same reason oceajiography, the subject occupying so much public
discussion just now, is not a science at all. It is a place where science is done.
It is a frame of m.ind --a preoccupation, a dealing with the ocean from the view-
point of science.

This is, in my view, what we are talking about in the concept of the sea-
grant college --a better means of bringing to the sea-people the possibility for
them to receive a more sophisticated academic background so that they can deal
with ocean dominated problems of all natures in a better way than we have done
heretofore.

Since my field is the food harvesting end I wish to talk some about those
particular problems. In doing so I do not wish in any degree to imply that the
sea- grant college should be dominated by the problems of harvesting food from
the ocean. Give us bright graduates who are of the sea-persuasion and well
educated in the sciences and humanities, with a sea-slant, and the ocean will

help us weed out from among them those who will be the leaders in the next
generation of the sea-people,

21



48 SEA GRANT COLLEGES

WHY DEVELOP FISHERIES?

A legitimate first question to examine is why should any particular effort
be put into fishery development or any special effort into educating people for
that purpose. In 1850, the world catch offish and shellfish (excluding whales)
has been established to be between 1.5 to 2.0 million metric tons. By 1900, it

had increased to about 4 million tons; in 1930, to 10 million tons; in 1950, to
20.2 million tons; in 1960, to about 38.2 million tons; and in 1964, a little more
than 50 miillion tons. In the last several years the rate of increase in the ocean
fisheries has been at least three times as large as the rate of increase in the
world's human population. There is no indication that this is slacking off. Thus
fishery development on a world wide basis is moving along reasonably well with-
out the establishment of sea-grant colleges in the United States.

The ashes of World War II had not grown cold before the United States de-
cided to employ a small portion of its gross national product to assist other
peoples and their countries to improve their economic and social conditions.
Although the Point Four, Marshall Plan, Foreign Aid and other names under
which this program has persisted over the years has had consistent and active
opposition from the time it was initiated, it has been the firm policy of every
President who has taken office, since Truman started it, that this program would
be supported in an important manner. This has been as true of Republican as
Democratic administrations, and President Johnson appears to be somewhat more
dedicated to this principle than most. Humanitarianism, disposal of farm sur-
pluses, building outlets for industrial manufacture, arming allies, and other
reasons are brought forward in support (or condemnation) of this principle and
program. The basic cause of enlightened self-interest probably hits closer to
the mark. If one people are prosperous and others are in serious want it is only
a matter of time, historically, until the hungry people take up their swords and
come seize from the fat people what they need. In any event the United States is
deeply committed to helping the developing world develop economically and so-
cially.

Some years of experience at this sort of thing has taught the United States
government that people do not develop economically and socially very rapidly
until they are well enough fed to keep in reasonably normal physical and mental
health. The major health problem in the world presently turns out to be pro-
tein-malnutrition and this appears to be at present a root cause for slowness in
social and economic development in about two-thirds of the world. There is no
real shortage of calorie or protein food in the world, or its potentials for sup-
porting adequately a human population considerably larger than the present one.
The troubles are economic and social barriers to the equable distribution of what
is produced, or what can be produced, and one thus comes full circle on the
problem, ending up short of both chicken and eggs.

It only requires about 60 million tons of protein per year to fill entirely
the needs of 3 billion people if it were distributed equably and in timely fashion.
Of this only about 24 million tons would need to be animal protein. The ocean is

naturally producing somewhere in the range of 400 million tons of animal pro-
tein per year of sizes and forms suitable for harvest and use by man. Of this,

about 10 million tons of animal protein per year is actually being harvested and
used per year (equating to the 50 million ton harvest now taken in terms of
round weight). Even this is a fair part of the 24 million ton per year global
need for animal protein if it were distributed in equable and timely fashion.

But it is not distributed in this fashion. Most of the global increase in fish
production in recent years has gone into fishmeal for the feeding of poultry and
swine in the industrialized countries where the desire for the added protein
keeps growing rapidly, but the need is by no means urgent. The world produc-
tion of fishmeal increased from 590 thousand tons in 1948, to 3,500,000 tone in
1964, which equates with about 20 million tons of round weight fish, or about 40%
of total world fish catch in 1964.
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Two questions now appear: (a) are there resources close at hand to areas
of protein malnutrition where adequate fish can be gotten to where the need ex-

ists in a practical manner, and (b) can it be processed and gotten to the bellies

that need it in a form they will accept at prices they can, and will, pay? As we
go along you will see that the answers to these global questions are not simple
and straightforward, and could stand being approached by people somewhat better

educated to handle them than those of us in this generation who have been trying

to do so.

To pass from the global to the strictly United States fishery scene three

sorts of numbers define the fishery development problem pretty well.

The domestic fish catch was 4.5 billion pounds in 1964. This was about
average for the range from 4 to 5.5 billion pound catch where domestic fish pro-
duction has rested for 30 years with no trend up or down.

While we have remained static in fish catch, fish use in the United States

has continued to increase at about the world increase rate of three times the

rate of population increase. In 1948, the fish use in the United States in terms
of round weight was 5,641 naillion pounds or about 38 pounds per capita. In 1964,

it was 12,032 million pounds or about 63 pounds per capita, and the cost of our
imported fish and fish products was pretty close to $600 million. Very pre-
liminary and very rough estimates by the Bureau of Commercial Fisheries in-

dicate that the fish stocks near our coasts are adequate in size to permit a 22

billion pound catch per year on the basis of maximum sustainable yield (or about
5 times our present production from them and twice our present annual use of

fish and fish products).

Thus from both the standpoints of the global responsibilities we have as-
sumed (and from the domestic requirements we presently have) there would
appear to be some reason for a slightly augmented attention to the solution of

problems arising in the field of ocean fishery developments.

Put bluntly, for the United States, 120,000 fishermen caught 4.5 billion

pounds of fish last year and we should arrange to catch about 10 billion pounds
of fish per year with about 50,000 fishermen-- and then go on to show the rest
of the world how to do the same thing.

THE STRATEGIC CONSIDERATION

The power structure among nations is continuously shifting and no prob-
lem gives us greater national and international concern than maintaining a na-
tional posture adequate to our needs for protecting what we call our open society
at home, and for projecting this open society and the human benefits we think
derive therefrom as broadly as possible in the rest of the world. Great debate
is also heard at home and abroad about this policy but it also has been for a long
while solid national policy in the United States and gives every indication of re-
maining so for the foreseable future. Control of the ocean lies at the very root
of our national posture and there is no hesitation in saying that if control of the

ocean is in danger of falling into unfriendly hands we will fight to retain it. We
always have and we always will.

Militarily we are in an excellent position to defend control of the ocean
against all comers. The difficulty is that for the present time this military
power is neutralized for this purpose because our primary competitor in the
power struggle has sufficiently close to the same military competence to oblit-

erate large sectors of the human race, and neither of us desires, or dares, to

pull the strategic trigger and unleash this awesome military force.
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Under these conditions the ability to control the ocean has changed subtly,
but in a major manner. With a neutralization of military sea power for this pur-
pose until the final Armageddon, there is the possibility that the occupation
through use of the ocean in an almost peaceful world could quickly be shifted to

its control in a less peaceful world, or that it could quietly and imperceptably
lead to an alteration of the power balance in the world by peaceful economic
means that could become an implement for our slow strangulation under condi-
tions short of major war.

We are reminded through our own history that occupation and use have been
perfectly sound methods of getting control in a wide range of human affairs. The
whole water law of the arid West grew from occupation and use, and not from the
English common law or legislation in force in the humid eastern states. Wher-
ever settlers could survive by use and occupation of the land as they pushed
westward, settler's rights won control over native inhabitants and cattle ranch-
ers as well, although the latter ordinarily had the military power, and often the
law, on their side.

The two domiinant civilian uses of the ocean remain the merchant marine
and the fisheries. The Russian merchant marine is new, modern, rapidly grow-
ing, and roughly equal to ours in carrying capacity; ours is composed mostly of

over-age obsolescent vessels and the industry is chronically in bad economic
condition. In 1922, Russia's fish catch was 483 thousand tons of which only 20%
came from the ocean; in 1964, its catch was 4,900 thousand tons (over twice the
size of ours, which has been static for 30 years) of which 81.6% came from the
ocean; their plan calls for a catch of 10 million tons in 1970, and they have been
on or slightly ahead of plan goal in accomplishment at sea for several years.

The Russian ability for sea-use in fisheries feeds back into the diplomatic
aspects of helping the developing world also. Their sea-fisheries are serving
most useful diplomatic objectives in Cuba, Guinea, Senegal, Sierra Leone, Li-
beria, Ghana, Nigeria, Tanzania, Kenya, Somalia, Sudan, Egypt, Yemen, Pakis-
tan, India and Ceylon, to name a few places.

Accordingly, from the standpoint of purely domestic objectives there are
reasons for developing our sea fisheries; from the standpoint of international
objectives our reasons for developing global ocean fish production and use,
whether through our own activities or those of the international agencies, are
major.

THE NATURE OF FISHERY DEVELOPMENT

The first problem in fishery development is to locate aggregations of a
kind of fish for which there is a market, that can be caught at a cheap enough
price so that the market will accept them while the fishermen make a good living
doing so, and that are steady enough in abundance and location to support a regu-
lar occupation and industry.

The second problem in fishery development is to develop or adapt gear,
vessels, and search and location equipment suitable to catching the fish steadily
at a low enough cost per ton of production so that the market will accept them,
and to stabilizing the fish so that when they reach the market they will be ac-
ceptable for sale or for processing for sale.

The third problem in fishery development arises from the highly perish-
able nature of fish. Since the market ordinarily lies far from the point of catch-
ing, methods of processing must be developed to keep the product in acceptable
form until it reaches the consumer and, by so doing, not raise the cost so high
that the product will not be accepted by the market.
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The fourth problem in fishery development is the distribution and merchan-
dising of the product in such a manner that demand is sufficiently constant to

keep costs in the whole system low, and in ways that the cost of distribution does
not add so much to cost of end product that producer and processor cannot get

enough profit to keep going, or that competitive products will not drive the fish

product out of the market, and so that the consumer will repeat his consumption.

The fifth problem is that the resource, for the most part, is common prop-
erty of all nations until reduced to possession. No person can own such a re-
source and get the benefits of animal husbandry for hinaself. Thus management
of the resource and its use is a public function for the operation of which there
is no satisfactory governmental machinery on the international level, and ordi-

narily, highly imperfect machinery on the national, state, and local level. This
brings all sorts of complicated and vigorous multiple-user problems at all of

these levels which are, on a state, national and international level, presently
the greatest barriers to ocean fishery development.

In a word, the fishing industry must first fight the ocean for the fish, then
fight 'the rest of humanity steadily to maintain access to the fish, then fight the

rest of humanity for continued access to the market; and, in the end, produce a

product in a form acceptable to consumers, at a cost they can and will pay,

while leaving profit margins at fishing, processing and merchandising levels

adequate to keep people employed therein and to attract adequate capital to these
purposes.

The first and fifth of these problems are reasonably unique to producing
food from the ocean. The second problem also has many ocean-induced aspects,
but can draw more on ideas, equipment, and developments in related industry.

The third sort of problem has even less differentiating it from other food-pro-
cessing problems and can draw much from related industrial practices. The
fourth sort of problem -- distribution and merchandising-- is not markedly dif-

ferent than the same practices in other consumer- oriented industries, and much
the same can be said for general management of the enterprise. A difficulty is

that all five sorts of problems must be moved along at about the same rate or
nothing develops, and the first and fifth sorts of problems are so different from
the ordinary land-induced problems of other industries that a very strong sea-
flavor must pervade the whole enterprise or it does not grow and prosper. It is

in these areas that the educational apparatus in the United States is most de-
ficient for the sea-people, and where they need assistance from it most.

APPROACHING THE FISH

Fish are affected in their abundance by changes in the environment (which
may, and often do, provide changes by an order of magnitude in the incoming
year class), and by fishing pressure (the overfishing problem). Disentangling
the effects of these two factors on observed changes in abundance calls for the
most precise, abstruse, complicated and extensive science. The processes of

changes in the environment must be elucidated. The processes of effects of

these changes on the biological cycles of the particular resource must be eluci-
dated. The effect of differential fishing pressures on resource forms competi-
tive with the one being studied is only beginning to be understood and studied.
All along the line one must be able first to measure that which seems, at first,

incapable of measurement. Physical, chemical and biological oceanography of

the most sophisticated nature must be done before these problems can even be
approached. When this sort of information is in hand the volume of the resource
in the opaque ocean must be measured and the effect of density-independent and
density-dependent factors on the abundance of the particular resource must be
worked out. Then the fishing effort itself must be calibrated and the sophisti-
cated mathematical models, required for relating different fishing pressures to

different measured effects on population abundance, must be understood. As
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often as not the fishery is working at the same time, or seriatim, or in an auxil-
iary manner, on a number of different fish populations each of which is reacting
in a distinct and different manner to both environmental and fishing effort changes.

When one has the abundance problem in hand one logically would move to

the study of the availability problem, which is made up both of abundance of the
population and its aggregation in a manner and place which makes it readily and
cheaply caught. Events ordinarily do not permit such logical scientific progres-
sion. One naust almost always work simultaneously on both the abundance and
availability problems. In some great fisheries (North Atlantic cod, Peruvian
anchovy, tuna everywhere) quite subtle changes in the environment can throw
the aggregation of fish some hundreds of miles from where they are expected, or
keep them a few feet below the surface where they are undetectable, or promote
scattering and prevent aggregation into commercially practical catching bunches.

The objective of all of this is prediction. It becomes more clear as we go
forward that our ability to predict environmental changes is a key factor, that
they cannot be predicted satisfactorily on the basis of measurements in the area
of the fishery, that they are often (if not normally) subject to changes going on
over the horizon where we are not watching or measuring, and that they are
arising from processes we do not yet understand very well even if we could mea-
sure them synoptically. This is a reason why fishery people become more con-
tinuously interested in the world ocean as a unit and the study of air-sea inter-
action processes on a global scale. Involved also are the biological consequences
of these gross, and minute, environmental changes, and I could spend the rest of
the day illustrating our ignorance of various facets of this aspect of the matter.

The situation is not at all hopeless or impossible. Quite considerable pro-
gress is being made in prediction of this nature in several important fisheries.
Often this is still empirical but in some cases even the processes are becoming
dimly understood.

One must always keep in mind that the fisherman, and the industry asso-
ciated with him, are making predictions of these sorts on a daily, less than daily,
or more than daily basis, on the basis of the best information and understanding
available. On a global basis the livelihood of millions of people and the employ-
ment of hundreds of millions in capital are risked daily on these fishermen and
trade predictions, guesses and decisions. This goes on whether or not there is

any science and must do so. If science can improve the predictive ability of

fishermen by only one or two per cent, or extend his predictions by one or two
days in a direction better than random, the beneficial economic and social con-
sequences on a national and international basis are quite enormous.

THE MULTIPLE-USER PROBLEM

Since the resources used by the industry are, for the most part, the com-
mon-property of everyone, the normal instinct of the individual, the group, the
nation, or the region is to keep everybody except itself from fishing on the re-
sources. What the individual entity wants is ownership so that it can manage
and husband the whole resource and fishery and reap all of the benefits there-
frona. This the other individual entities will not permit. Arising out of the same
common-property nature of the resources is the attitude of public administrators
to their task. If there is any question as to overfishing, the best thing to do (it

is often felt by them) is to slow down or stop the fishery until science can ascer-
tain the facts. In consequence laws and regulations of great variety impede the
development of the ocean fisheries in all directions, and in many (or even most)
instances these laws and regulations, and the local, national, and international
interactions that arise from them, have little relation to natural happenings in
the ocean or conservation need.
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What has grown over the past fifty years is the realization that every living

resource of the ocean can be subjected to a fishing pressure that will produce,

on the average over the years, a maximum sustainable catch, and that this can

be pretty well estimated by independent scientific research capable of indepen-

dent checking for credibility. Accordingly, the nations in the Law of the Sea

Conference at Geneva, in 1958, adopted this as the standard to which they all

could, and would, rally. This has disconcerted economists some because the

point of maximum economic yield is often (or normally) somewhat short of the

point of maximum sustainable yield. But the point of maximum economic yield

is importantly affected by socially induced factors as well as factors arising

solely out of nature. Different societies created different socially induced fac-

tors into the equation. Groups of men are not yet willing to adopt the socially

induced factors of other groups of men as their own rules. Thus, the nations

could not agree on what was a proper standard for maximum economic yield,

but they did agree instead on the standard of nature --the maximum sustainable

yield. This is derived from nature, which each group could measure and eval-

uate independently.

For our purpose, here, it is only necessary to state that the determination

of the point (or area) of maximum sustainable yield is a matter for scientists,

and that fishermen, industry people, administrators and statesmen are not able

to give much useful imput to these determinations.

Neither the nations, or groups within the nations, have yet developed any
agreed standards or criteria as to which group or nation will derive the benefit

from the conservation contemplated by the adoption of such a standard of maxi-
mum sustainable yield; but now that the standard has been created and adopted

it does provide the basis for reaching agreements on how to split up the swag-

-

and this is the proper point upon which fishermen, industry people, administra-

tors and statesmen can effectively bring their talents and aspirations to bear.

They have not yet shown much inclination to do so in a satisfactory manner at

any level, and in consequence many vigorous artificial barriers to fishery de-

velopment exist at all levels.

AQUACULTURE

A great deal is heard these days about the raising of resources in the ocean,

with aquaculture being equated in these considerations with animal husbandry
or land or even agriculture.

Most of this, at this point in history, is nonsense and should not yet be get-

ting the public attention being given to it. The reasons for this are several. One
is that we do not yet understand well enough the natural processes of food pro-
duction in the ocean to be able to intervene in them beneficially in a very mean-
ingful manner. Secondly, mankind never practiced animal husbandry where wild

game was always abundant, because there was no need for it. The common pas-
ture of the world otean is naturally producing about 2 billion tons per year of

food in size and form usable by man. At present man is using about 50 million

tons of this per year, and the rest is dying and going back into the web of life

unused by man. Certainly this wild stock will require being cut into much more
deeply before any major activity in artifically raising more is warranted.

The third reason, however, is the most pertinent at this stage of history.

No man can afford the expense of raising fine stock if he cannot keep it out of

the common pasture where it can be harvested by his neighbors who have not

shared the expense of the animal husbandry. Most major fishery resources not

only range out into the common pasture of the high sea, but they cannot be prac-
tically confined, reared, grown to commercial size, and harvested inside a 3

mile limit or a 12 mile limit. Until the legal and diplomatic problems associated
with the common-property nature of these great resources come better into hand
no large scale aquaculture in the high seas will be warranted.
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There is no question but what Donaldson at the University of Washington
has beneficially manipulated the genetic capabilities of chinook salmon, for in-

stance, in such a nnanner that animal husbandry practices would yield great re-
turn, if the legal basis for reaping the reward of the animal husbandry were
available. There is good reason to believe that this could be repeated on one
aquatic resource after the other. But the legal basis for reaping the reward does
not exist on the state, national or international level, and the chinook salmon, be-
cause of nature, must range through all three of these levels of management be-
fore it reaches harvestable size.

An exception to all of this lies in the aquatic resources of the estuarine and
near- coastal area, and particularly to the attached forms --the kels and shell-
fishes. Oysters, mussels, and clams in particular are susceptible of economic
farming and it looks as if this applies also to some marine algaes. While more
scientific work is needed at many points the main barriers to present farming
of these things are legal and tenure problenas, economic costing of methodology,
and marketing problems. Pollution problems are also of major concern but these
now look to be tractable.

CATCHING THE FISH

If there are fish in abundance where you want them and no legal barriers to
getting them, there still remains the problem of catching them and getting them
to port at a cost low enough to enter the market and leave adequate margin for
profit on labor and capital used.

Should it be a 50 tonboat or a 1,000 ton vessel? Should it have radar, sonar,
fish finder, and be supported by air surveillance, or simply use eyeball methods
of locating fish? Should it bring in the fish fresh, iced, frozen, or otherwise
stabilized? Should it use wood, steel or aluminum in hull and superstructure?
In what sort of sea- state will it be required to work? What ratios between speed,
length, fuel consumption, carrying capacity, crew comfort, etc., are required to
maximize profit? Shall it be a purse seiner, long-liner, trawler, gill-netter, or
what (or maybe a combination vessel) ? What is the rhythm of sea-state in the
area to be fished so that trips can be arranged to take advantage of this?

THE PRESERVATION OF THE FISH

On an average a fish is 80%water which is no more nutritious or tasty than
ordinary tap-water. It costs as much to freeze and transport the water as it

does the nutritious parts of the fish.

Fish range in oil content from 1% to 20%. Most of the fats are polyunsatu-
rated (unlike most land-animal fats). Upon death they take up oxygen and become
rancid. This presents one or more of three sorts of problems. In some fishes
(for instance the salmons) the delicate tastes which yield the high prices are
carried in the oils. If the oils become rancid the value of the fish depreciates
rapidly. Rancid oil in all other fish generally smells badly and makes for an un-
acceptable product. Thirdly, rancid oils can be unwholesome from the stand-
point of human or other animal feeding. Accordingly, the polyunsaturated lipids

of fish must be stabilized or extracted rather quickly after death or the product
declines in value sharply and quickly.

Fish are about 18% to 24% protein, and this is the principal nutritional ele-
ment in fish. The proteins have a balance of amino-acids well suited for human
or animal diets and the trace mineral content as well as certain vitamins (par-
ticularly of the B- complex) are additional plus factors nutritionally. The en-
zymes of fish are active and keep right on acting after death; accordingly, they
must be stabilized quickly if sea quality is to be retained. From a nutritional
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standpoint there is not much difference between an anchovy and a bluefin tuna.

The amino-acid balance of the proteins is about the same in all fishes and it is

possible to take out most of the water and oil, grind the whole business together,

and come out with a stable product 85% protein that stores, transports, and han-

dles cheaply and is not much different nutritionally whether you start with an-

chovy or bluefin.

The economics of what you want to do with the fish, however, is likely to be

controlling. If you are landing the anchovy in Pery for fishmeal production for

chicken feeding you can get nearly ten dollars per ton for your catch. If you are

landing your anchovy in northern Spain to be marinated and canned for the Italian

trade you can get something more than $100 per ton for your catch. K you are

landing your bluefin catch in San Diego for canning for the American trade you

can get about $240 per ton for it. If you are landing it in Tokyo, just before the

year -end holidays and it is very fresh, you can expect better than $2,000 per ton

for it in the round as it leaves your vessel, to be eaten raw in the sashimi trade.

This barely indicates some of the great variety of problems susceptible to

improved technology which exist inthe field of harvesting food from the sea.

EDUCATIONAL REQUIREMENTS FOR AUGMENTING THE USE OF FOOD
FROM THE SEA

If you have followed me this far you will have seen that there are broad
opportunities for increasing the use of the living resources of the sea by the

United States and man generally, that there are some good reasons for doing

this, and that there are some difficult scientific, engineering, legal, diplomatic,

technological, managerial, economic and social problems in the way of doing

this.

In Japan there has been developed during this century a rather complete

educational system within the general educational system for the training of

people to go into the fishing business at almost all levels. There are grade

schools, and high schools that emphasize the sorts of training required for this

work. Beyond this level there are fishery colleges which train people for rather

more advanced positions in the fish business (vessel captains, administrators,

managers, etc.). Finally, there are graduate schools which train fishery oce-

anographers, fishery biologist, etc., for the scientific aspects of fishery work.
These levels of education are integrated into a whole. Some such complete sys-

tem has been developed in Russia also over the past fifteen years, and is more
or less being developed in Poland as well.

I do not necessarily suggest that what is good educationally in Japan, Rus-
sia and Poland is either necessary, or necessarily the best, for the United

States. I do point out, however, that Japan (next to Peru) is the greatest fishing

country in the world and that her fishermen fish the whole world ocean using

sophisticated naethods of catching, preservation and marketing that we do not

employ. At every level of this operation from fishing to management and govern-
ment agency are found the graduates of this fishery educational system. Russia
follows behind Japan in world fish production and her production has grown, di-

versified, and is growing, and diversifying, even more rapidly. Also at all

levels of the Russian operation are found graduates of the Russian fishery edu-

cation system. Poland's fish production is much smaller, but has increased by
a factor of ten in the past eighteen years and is moving up rapidly now. In the

United States we give very little attention to fishery education outside our gen-
eral education system, and the domestic fish production here has stayed level

for thirty years. I think there is a relationship between these things.

Where we are failing worst at the present time, in my view, is in trans-

lating back from the scientist, who has the information that could be used, to the
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fisherman, who is the only person who can make use of the scientific information
in fish catching. By this I think I mean that what we now require is something
very like the 4-H club, county agent, university extension type system of com-
munication that exists between the lang-grant colleges (particularly) and the far-
mers on a grass-root and all other levels in this country. We now have know-
ledge and understanding at the scientist and university level that could be use-
fully employed at the fisherman's level if it could be gotten to him in a form he
could use. The machinery does not exist for doing this, and I do not believe that
this can be fully done by the Bureau of Commercial Fisheries any more than it

can be done in the farming field alone by the Department of Agriculture. On the
other hand I believe that the BCF is required to play as full a role in this sea-
education system as does the Department of Agriculture in the land-grant col-
lege, extension service, county agent system in the farming field.

Beyond this, and supporting it, I believe that we need a few universities
(and probably four or five) who give a solid sea-slant to almost the full range of
university education. The way things are developing at the University of Rhode
Island seems to me to be the direction in which we should move more firmly
here and at a few other similar locations. Here there is a Graduate School of
Oceanography which is growing rapidly into a center of excellence in the doing of
ocean research on a broad basis and the training of ocean scientists on a simi-
larly broad range but high quality level. The sort of training and research done
by this school seems to me to be not only satisfactory but excellent for the top
educational range of the activity I am talking about. It only requires to be sup-
ported somewhat more actively. Similar institutions to build on exist at the Uni-
versity of Miami, University of California at San Diego, Oregon State University,
University of Washington, University of Alaska, and University of Hawaii.

At Rhode Island, however, has been added another essential ingredient not
yet done so well elsewhere, to my knowledge. Here the Geography Department
is slanting its activity toward the geography of the ocean. The agricultural econ-
omists are slanting their activity toward marine economics, fishermen's coop-
eratives, fishermen's education, and the practical things of the sea business.
The political science people are paying particular attention to the political science
of ocean affairs, in which as a nation we are most deficient. The legal people are
having a look at the law of the sea and what that means to ocean development.
The Public Health Service is working diligently on problems related to the ef-
fects of pollution on the production and utilization of marine foods. To this needs
to be added, in my view, a more vigorous input on ocean engineering, the tech-
nology of naarine food preservation and utilization, and the sociology of marine
activities.

I think that what is being initiated at the University of Rhode Island through
the vision and energy of the president and his faculty is precisely what we need
on a somewhat broader basis here and at several other points in the country. I

believe this conforms quite closely to Dean Spilhaus's concept of a sea-grant
university, and it certainly leads strongly in the direction I have been talking
about --that what we need is a full fledged University of the Sea where the whole
range of man's relationship with the ocean, in the humanities as well as the
sciences, can be examined and taught in the same full manner as the Land-Grant
College System does for the land-people.

The means by which the support should be derived I leave to others. I do
believe, however, that the prime support should come from the federal govern-
ment and that this should have input from the Department of the Interior and the
Department of Commerce, as well as through the Department of Health, Educa-
tion and Welfare.

I wish I could say that the prime moving agent from the federal side would
be the Department of Marine and Atmospheric Affairs, so boldly envisioned by
Senator Muskie and his 17 senatorial colleagues in (S. 2251), but apparently this
must wait a little yet until the public and the government realize how badly we
need such a development in our governmental apparatus.
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THE GOVERNMENT LOOKS AT THE SEA-GRANT COLLEGE CONCEPT

Harve J. Carlson, D.P.H., University of Michigan. 1943. Since 1961,

he has been the Division Director for Biological and Medical Science,
National Science Foundation, Washington, D.C. A former educator and
scientist in the Office of Naval Research, he serves as the NSF repre-
sentative on the Interagency Committee on Oceanography of the Fed-
eral Council for Science and Technology,

We have had the pleasure this morning of listening to several speakers de-
scribing the advantages to be accrued to the oceanographic community and to our
entire nation by the introduction of sea-grant colleges which, in certain respects,
may be considered parallel to land-grant colleges established nearly a hundred
years ago.

To get a complete picture of the situation, it is first of all mandatory to

understand the functions of a land-grant college. In the existing land-grant col-

lege system, proceeds from the sale of public lands are paid to the states and
are used for establishing and maintaining agricultural and mechanical arts col-

leges. Most of these colleges have agricultural and engineering experiment sta-

tions affiliated with them, thus providing the ideal conditions for a pragmatic
education based on research.

Owing largely to the legislative foresight of the Congress, today's land-

grant colleges are leaders in the field of applied science education. To better

understand some of the other speakers' proposals, we must realize that most, if

not all, of the existing land- grant colleges have over the years broadened their

horizons to include other disciplines. For instance, in addition to the agricul-
tural and mechanical sciences, other more basic educational fields are included
in the curriculum.

Funds for land- grant colleges are budgeted by the Department of Agricul-
ture and are distributed partly by equal allocation and partly according to a for-

mula. The formula consists of a ratio of a given state's rural population to the

total population of the state. Most land- grant universities today are, however,
autonomous state institutions. Though they receive funds for basic education
through the Office of Education and through research grants or contracts spon-
sored by certain federal agencies, it would be erroneous to imply that the federal
government exercises any material degree of control over them.

Until 1935, federal grants for the A & M colleges were distributed equally,
with each state receiving about $90,000 per year. The state-to-federal ratio has
now risen to the point where the state contributes about three times as much as
the federal government. Although some individuals believe that this rather un-
usual ratio reflects state fears of increasing federal control over local research,
others who view the situation more objectively are convinced that it reflects
healthy pressures on state legislators by the urban and rural population through
experiment station councils and others. (This we might also note carefully,
since the oceanographic community has never been shy about expressing its

needs). Both sides, however, are convinced that the existing federal-state rela-
tionship is extremely effective. I believe that the oceanographic community of

the United States has a great deal to learn from this system, both pro and con.

Whereas the scientific community can and should look at the sea -grant uni-
versity proposal from a conceptual point of view, the federal government, which
would be at least initially saddled with the responsibility for sponsorship, must
examine this whole problem in a more pragmatic way to determine the devices
available to the federal government for implementing the concept of the sea-
grant university.
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Here I would like to borrow some thoughts from the book GOVERNMENT
AND SCIENCE by Don K. Price, formerly Associate Director of the Ford Foun-
dation and presently Dean of the Harvard School of Business Administration. Dr.
Price describes five types of relationships which the U. S. Government main-
tains today with private institutions.

Tne first relationship concerns a specific contract, such as for the im-
provement of a certain device, for development of a new one, or for any other
specific research project in a university.

The second relationship is built around a so-called "master" contract with
several individual institutions. This contract is rather general, merely stating

the terms of the relationships, so that new projects can be undertaken by an
order without requiring negotiations for new contracts.

The third relationship applies to a "special study" contract consum.mated
for investigating all phases of newly identified major problenns. For instance,
sometimes the military services identify major problems' requiring new ap-
proaches which may be based on scientific development, on strategic or tactical

thinking, or on a combination of all three aspects. In other countries, such as-
signments are generally given to military staffs. Dr. Price claims that only in

the United States, are studies of such crucial importance to the nation's welfare
farmed out to universities.

The fourth type of relationship evolved frona those mentioned earlier --

conduct of a scientific enterprise -- sometimes requires not only technical but
also managerial competence. Several major universities have been happy to take
on such assignments and have separated the contract groups from their normal
administrative systenns. Of interest to the poverty stricken oceanographer are
the facts that the Atomic Energy Commission supported the Argonne Laboratory
at the University of Chicago at a level above that of the entire University prior
to World War II, and that the Lincoln Laboratories at Massachusetts Institute of

Technology (MIT) now spend about $60 million a year, considerably more than
the entire Institute spends yearly on teaching.

Finally, concerning the fifth relationship, we have witnessed in recent
years private corporations founded especially for government programs. Ex-
amples are the Associated Universities which run the Brookhaven Laboratories
on Long Island for the AEC, and the National Solar and Radio Astronomy Observ-
atories for the National Science Foundation; the Rand Corporation which under-
takes much of the planning for the Air Force.

Theoretically, of course, our contractual system enables the various fed-
eral contracting officers to conapletely dominate the decisions of the university
investigators. In agricultural colleges, however, this simply has not happened.

Dr. Price describes one of the better features of these arrangements --

that of the feedback. For instance, the Applied Physics Laboratory has not
merely worked according to military requirements; it has originated ideas on
its own that have significantly influenced Navy planners. On the other hand. Dr.
Price sees our agricultural aid systems as unique "by comparison either with
other government programs in the United States or similar programs in other
countries." He criticizes the agricultural programs as being limited in their
potential for growth, dealing as they do with specialized subject matter "set
aside from the more dynamic elements of industrial development that are rapidly
urbanizing the nation and changing its relations with the rest of the world." Be-
cause of the very nature of its subject matter, its projects and programs are in-

dividual and relatively small.

Dr. Price also notes that even the salaries of scientists who are essentially
on the payroll of the state governments, maybe stabilized at a low level because
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of the jealous supervision of state legislators. This factor is reducing the com-
petitive ability of these scientists with the world of industrial science. Finally,

the programs are scrutinized by Congress which, although it tries to maintain a

healthy level of appropriations, is still normally discouraging "bold ambitious

national planning."

Dr. Price's analysis is perceptive and at the same time somewhat disturb-

ing in what it portends -for the oceanographer at a "sea-grant college." The
oceanographic community is traditionally composed of highly individualistic

scientists who are imaginative, dynamic, and somewhat vociferous. Accordingly,

as promising as the sea-grant college appears inmost respects, one can't ignore

the ineffable sociological relationships which may result from the federal- state

structure.

Now let us examine the purely oceanographic features of the topic. The
subject has already been discussed by the Interagency Committee on Oceanog-
raphy and I should like to pass on to you today an expression of the attitudes of

the ICO members and my own personal convictions on the subject.

As you may know, the National Oceanographic Program, encompassing the

activities of 22 federal agencies, has been virtually level-funded for the past

four years. This implies that if a new project is to be started, somewhere an

old project must be curtailed or discontinued. It is evident, therefore, that the

first thought of the ICO members is: Will the sea-grant arrangement detract

fromexisting programs, whether sponsored or conducted by the federal agencies?

Interestingly enough, the ICO members are not at all frightened by the pos-

sibility. Since several of our agencies have unsuccessfuly tried to increase

funds for the support of marine science education and training, we really haven't

much to lose. Many institutions are now financially undernourished, and it is

entirely possible that introduction of the sea-grant arrangement would provide

the best stimulus to the development of education and training and, ultimately,

the applications of oceanography and ocean engineering toward which we all look

forward. Therefore, I would say the ICO members are favorably disposed
toward the sea-grant concept.

We often hear the complaint that there is an urgent need for more profes-

sional oceanographers and students of oceanpgraphy. In fact, this theme may be

partly responsible for the emergence of the sea-grant concept. But the ICO does

not believe the recruitment and education of oceanographers to be the main prob-

lem. There are plenty of scientists available in this country-- good scientists,

capable of advancing the state-of-the-art. There are many outstanding biologists

and chemists, eager and interested in biological and chemical oceanography.
There are exceptionally talented geologists willing to explore the practical and
theoretical aspects of submarine geology and to advance to the practical matters
of applications in the interests of exploitation. What is lacking is adequate sup-

port and encouragement for these scientists.

However, we do have two basic personnel needs: (1) More highly trained,

imaginative persons to attack the more advanced theoretical aspects of physical

oceanography; and, (2) More outstanding engineers to translate the work of these

scientists into practical accomplishments.

In this respect we believe that the introduction of the sea- grant arrange-
ment into the American educational scheme will have a beneficial effect. We can
envision applications of sea- grant research in nnarine conservation, pollution

control, agriculture, desalination, recreation, and ocean commerce. We can en-
vision the engineers constructing barriers against disastrous sea storms, re-

covering the minerals of the deep oceans and the ocean bottom, and building a
technology that will stimulate and advance our fishing industry.
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One problem which somewhat baffles government agencies concerns prac-
tical implementation, that is, the translation of the concept into actuality. The
main question is: What devices can the government provide to make a certain
idea work?

Here is where we must throw off the crutch provided by the parallelism
with the land-grant college system, because essentially that system and all the
colleges supported under it depend solely on one government agency --the De-
partment of Agriculture. What we have to consider is the multiplicity of federal
agencies concerned with the ocean.

The ultimate goal of the sea- grant concept is to exploit the ocean in the
national interest. Its intermediate goal is to develop the scientists and engi-
neers who are going to do it. The land- grant college system was started with
the simple objective of improving agriculture and the mechanical arts, whereas
the sea-grant concept, as already mentioned, has many applications, depending
on the missions of the various government agencies.

The questions arise: What does this diffusion of purpose lead to in terms
of implementation? Which government agency should be assigned the mission of

administering a sea- grant college program? If, as has been suggested, the
National Science Foundation takes on this task, would this arrangement soomer
or later conflict with the activities of the Bureau of Mines, Bureau of Commer-
cial Fisheries, Geological Survey, Navy, Army, Environmental Sciences Service
Administration, Public Health Service, and Office of Education?

For answers to some of these questions, we might refer to Dean Spilhaus'
remarks. He has suggested curricula devoted to aquaculture and ocean engi-
neering, with harbor agents corresponding to county agents, to quickly relay the
findings of new marine engineering to the users. He has proposed relationships
with law schools to provide a new look at laws of the sea. He has further pro-
posed contacts with a sea home-economics department, to develop ways of mak-
ing sea products more appetizing. These ideas could serve as basic hints on how
the sea-grant principle would be applied -- but not as a sea-grant college.

Accordingly, I would say the following:

(1) That the suggested source of support -- the realizing of funds
from rents, royalties, and bonuses accruing to the federal government from the
leasing of lands on the continental shelf --is excellent.

(2) That rather than to create and maintain new colleges and univer-
sities, these funds can be utilized to foster sea-grant programs on institutional
bases through carefully planned undergraduate and graduate curricula, leading
to the emergence of students trained in all the practical aspects of ocean devel-
opment mentioned by Dr. Spilhaus.

(3) That courses should be arranged cooperatively in various depart-
ments of existing universities which would qualify under the terms of the ar-
rangement: the law school, the sanitation laboratory, the colleges of science and
technology, and the schools of engineering.

(4) As an equitable method of determining appropriate support levels,
I would favor flexibility over a rigid formula pattern. Certainly, an approximate
federal- to- state relationship will have to be reached, but I am opposed to any
system which tends to ignore merit. Therefore, I would strongly recommend
that this relationship be used merely to set limits within which the granting
agencies can operate according to the scientific and engineering merits of the
proposed programs.
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(5) As for which federal agency should have the authority to adminis-

ter the sea- grant program, I would have to go along with the National Science

Foundation as the closest approach to neutral ground. However, in place of our

customary review boards drawn from the scientific community, I would suggest

a review council with a seat allocated to each federal agency toward whose mis-
sion the sea-grant concept is oriented.

Perhaps in this way we would be uncovering the teams of intellectual and

practical giants who would bring about the next series of advances toward our

mastery of the ocean. This is, of course, easier said than done. For instance,

two years ago Captain Charles Stephan USN (Ret.) was asked by the Florida

Atlantic University to design a two-year curriculum leading to a degree in

ocean engineering. Immediately, (and naturally). Captain Stephan attempted to

be all things to all men. He soon, however, became frustrated by the require-

ment, for turning out a student skilled in chemistry, biology, physics, geology and

above all -- engineering, in terms of the relationships of these disciplines with

the ocean, within two years. From conversations with Captain Stephan it was
learned that he felt ten years would be needed to turn out a student with the

proper basic and applied knowledge. Consequently, a compromise had to be

found, and today the creation of an ocean engineer involves a curriculum of five

trimesters over a two year period, totalling 76 semester hours. The curricula

emphasizes engineering subjects, assuming that the student already has two

years of basic sciences.

There is one final point I would like to make, and to me this is the most
important one. I personally believe that the outstanding feature of this concept

and all that it portends is that the discussion is being carried out without the

benefit of clergy -- that is, in absence of an already stated national policy. I be-
lieve this is all to the good, because now we are provided a most unusual oppor-

tunity -- now is the time for the scientists of this country to put their best col-

lective foot forward and formulate on their own initiative a national policy which
the government can endorse and develop along conventional legislative and exec-
utive lines. I hope that in these two days we can work out the basic elements of

the policy and that at least we will have a good start toward the design of a well

constructed sea-grant educational curriculum.

Naturally, the members of the ICO are in favor of responsible stimulation

of the marine sciences. We feel that there are many applications yet unrealized
for the American public. The oceans have limitless advantages to offer the

United States, and we are distressed with the slow speed at which we are break-
ing down nature's forces in the sea.

The sea-grant arrangenaents suggest part of the formula for speeding up
this effort to attain mastery in the oceans. For instance, last year alone the

United States Government received in royalties and lease holds from private en-
terprise on the continental shelves over $150 million --more than the aggregate
oceanographic programs of all of our 22 agencies. We feel that it would be ex-
tremely helpful if some of this money could be invested in ways to improve our
technology and advance our ability to work in the ocean, thus increasing even
further the royalties and rentals received, and, thereby, accelerating the entire

profit- development cycle.

One cloud which lurks on this particular horizon involves a traditional re-
luctance on the part of the government to earmark funds in advance for any spe-
cific program, although exceptions are not rare. The ICO members see no
strong reason why another exception should not be made in this case.

Undoubtedly, one of the ocean's most dramatic aspects is the way it cuts

across so many fields and disciplines. Many persons who have studied the his-

tory of land- grant colleges believe that the principal advantage of the sea- grant
concept lies in the multitude of educational effects to which I have already
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referred. Some opponents of this concept claim that the sea-grant arrangement
would foster the image of a trade school. In reply, I can say that any arrange-
ment which provides training in chemistry, geology, physics, biology, engineer-
ing, and mathematics could hardly be described as a trade school, under any sys-
tem of definitions.

We who have studied the effects of the land- grant college principle have a
healthy respect and appreciation for the fact that land- grant colleges now account
for 40% of the doctorates turned out in United States educational institutions.

They educate 20% of all our undergraduates, and provide one third of all our
university and college teachers. The Interagency Committee on Oceanography
feels that the emergence of the sea- grant arrangement may add to the already
highly respected position of the land-grant colleges and contribute significantly
to the objectives of the National Oceanographic Program, if developed in a ra-
tional, well- conceived manner.
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THE LESSONS OF THE LAND-GRANT MOVEMENT

Harold C. Knoblauch, Ph.D., Rutgers University, 1942. He is the

Associate Administrator, Cooperative State Research Service, U, S.

Department of Agriculture, which administers the federal- grant
payments appropriated annually by Congress for research of state

agricultural experiment stations. He is a well known author and au-
thority on the land-grant system.

It is always a special privilege to be invited to return to Rhode Island. My
first graduate work was done at the University at Kingston. And it was there
that I gained firsthand knowledge of the close association between high quality

research and graduate instruction.

Beyond learning more about the basic sciences in relation to agriculture,

the location at Kingston gave me the opportunity to observe and contemplate the

beauty, the awesome power, and the untold mysteries of the sea. So, let me as-
sure you, it is a genuine pleasure to participate in this National Conference on
the Concept of a Sea-Grant University.

Your program committee asked me to present the basic philosophy of fed-

eral-state relations in science and education in agriculture. Cooperativeness is

essential for the federal and state governnnents to attain mutual goals and objec-
tives. American agriculture set an historic pattern for scientific growth and its

application to benefit society. In this pattern federal cooperation and state coop-
eration have been andcontinue to be primary features of the establishment.

In my remarks I shall direct particular attention to relationships between
the U. S. Department of Agriculture and the land-grant universities. I shall deal
specifically from the background of relations with the state agricultural experi-
ment stations. These were authorized under the Hatch Experiment Station Act
of 1887 and became the keystone for federal- state cooperation in agricultural re-
search.

An important part of the development in agricultural research is the asso-
ciated preparation and training of scientists in areas related to agriculture such
as biology, botany, entomology, and many others. In today's paper I plan to put
emphasis on the significance of the relationship between research and graduate
teaching and, in turn, society to the constantly changing problems of people in

our individual states. The graduate- study-through- research principle grew out

of the longtime development of the USDA-Land Grant System. It got into subse-
quent legislation providing for federal support of science. Plans for programs
of education, training and research are included in Senator Pell's bill, (S. 2439),
and in Section 2 of Congressman McGrath's bill (H. R. 11579), proposing the
"Oceanographic Act of 1965." The approach and method of support are different
than in the Land Grant or Experiment Station Act.

Reference will also be made to the agricultural research and extension
programs as a means for making important science findings available to farm-
ers and consumers. And, some of the significant results growing out of the
land-grant college concept will be mentioned briefly. The product of 100 years'
cooperative development and application of science to agriculture is indeed a
great example of free institutions allowed to operate in an open society. It is

worth careful study by those interested in the growth and development of science
as it relates to the sea.

The lessons from the land-grant college experience will not provide spe-
cific answers on how to organize sea-grant colleges. Instead they provide prin-
ciples worthy of your serious consideration. For you, their significance lies in

37



64 SEA GRANT COLLEGES

gaining greater understanding of the higher education principles that evolved
from the land- grant system. Review of the basic philosophy, and of the federal-
state relations that fostered the pattern, should be helpful. If your mission is to

strengthen marine science through the development of an effective center or
centers for teaching and research in an academic environment, then fundamentals
that were developed in the land-grant college system should help you avoid some
of the mistakes. The mission that you define is of paramount importance. With
a clearly stated mission the organization should be structured so as to accom-
plish the mission in the most effective manner possible, taking into account as-
sociated experiences.

BACKGROUND

First of all, let me summarize briefly how the land-grant philosophy origi-

nated and what fostered its development.

The history of 17th and 18th century America reflects a growing conscious-
ness of the need for education and experimentation in agriculture. It grew from
the roots of a free democratic society transplanted to a vast virgin land of unde-
veloped resources. While Europe was experiencing an age of enlightenment, in-

tellectuals on this side of the Atlantic, like Benjamin Franklin, and political

leaders like Thomas Jefferson and George Washington, encouraged forming phil-

osophical and agricultural societies. The latter became the forerunners of the
structural framework now provided by the federal government and the states for
scientific research and education (1, p. 2).

From their early beginnings, agricultural research and education were
free from any guilt complex about their public nature. This is in contrast to

private institutions of higher learning. The latter, proud of their traditional
freedom from governmental authority, interpreted the two to be identical. Some
resisted incorporation in the belief that this would make them public institutions

and subject to government control. The founders of the land-grant colleges were
well aware of the problem, namely to create a framework for combining respon-
sibility with authority without destroying academic freedom.

This is revealed clearly in the writings of Jonathan Baldwin Turner of

Illinois. He was the professor from down-state Illinois who obtained Abraham
Lincoln's pledge to sign the land-grant legislation if he, Lincoln, became Presi-
dent. Lincoln did sign the measure on July 2, 1862. It had been reintroduced
following Lincoln's election. Buchanan had vetoed an earlier draft in 1858 (4,

p. 8). In each case the author was Senator Justin Smith Morrill of Vermont.

Son of a Vermont blacksmith. Senator Morrill was the product of our early
democratic culture in New England. He himself wrote that existing colleges of

his youth were "based upon the classic plan of teaching only those destined to

pursue the so-called learned professions." His bill offered hope and opportunity
to "those at the bottom of the ladder who want to climb up." A man of industry,
integrity and dedication. Senator Morrill devoted his congressional career- -12
years in the House of Representatives, 32 in the Senate- -to creative service for
his country. Not only was he the legislative father of the Land-Grant Act, but
through his patience, tact and political skill brought about many other national
improvements, including, for example, creation of the Library of Congress in

Washington (3).

The philosophical changes in higher education, as brought about through pas-
sage of the Land-Grant Act, are ably discussed in COLLEGES FOR OUR LAND
AND TIME, by Edward Danforth Eddy, Jr. For 200 years the curriculum of higher
education was restricted and narrow, consisting chiefly of "philosophy, theology,
dead languages, and mathematics." As late as 1850, not a single college had a

laboratory or anything like a laboratory in its physical plant (4, p. 4). The Land-
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Grant College Act changed all this, for it led to acceptance of the principle that

a university should put emphasis on seeking knowledge, as well as teaching it.

Full realization of this principle did not come about until passage of the

Hatch Experiment Station Act of 1887. It extended the Land-Grant Act so an
agency and needed facilities could be provided whereby the colleges chartered
under the Land-Grant Act could engage in scientific research and experimen-
tation.

During the period 1880 to 1910, directors of the agricultural experiment
stations, organized as divisions of the land-grant colleges, were confronted by
a hard fact. In response to popular demand from farmers, more and more time
of scientific personnel went into providing rural demonstrations. The tradition

of the American experiment station movement had been that public funds appro-
priated for research were for scientific investigation and for no other purpose.
If the quest for new scientific knowledge was to bring permanent and basic bene-
fit to agriculture, this was the only interpretation to be given. The stations,

therefore, threw their full support behind the extension movement, already popu-
lar in the states, but until 1914 not supported by the federal government. Pas-
sage of the Smith- Lever Act in 1914 provided annual support for agricultural
extension work. Under it, programs are developed under which qualified per-
sonnel help farmers turn research findings into practice (1, pp. 114-116).

PURPOSE OF MORRILL ACT

The purposes of Senator Morrill's bill are given in greater detail in Dr.
Eddy's book. Summarized briefly, they proposed conservation of public lands
rapidly disappearing through private speculation. He was greatly concerned
about soil deterioration and waste of resources due to haphazard practices. In

different states, agriculture was confronted by problems arising from consid-
erable variation in topography, climate, and distances to market. Lack of ade-
quate agricultural education and training to meet this wide variety of conditions
blocked progress. The country needed higher education and training of those
who could help advance the art of tillage to bring about better farming. Some
states were unable to provide it without federal aid. Many benefits had accrued
in Europe from agricultural and industrial schools, an idea not yet accepted in

this country. As a forward-looking and practical statesman, Morrill saw that

technology meant increased production and that increased national production
meant world prestige. He wanted our ships laden with grain to continue outward
bound (4, pp. 28-30).

MAJOR PROVISIONS OF THE ACT

Under the Act as passed each state became entitled to 30,000 acres for
each Senator and Representative in Congress to which each state became en-
titled by the apportionment under the census of 1860. No known mineral lands
were to be selected under this provision. Monies derived from the sale of lands
were to be used for the "endowment, support, and maintenance of at least one
college. . . .to teach such branches of learning as are related to agriculture and
the mechanic arts, in such manner as the legislatures of the states may respec-
tively prescribe, in order to promote the liberal and practical education of the
industrial classes in the several pursuits and professions in life" (l,pp. 217-
218). The Office of Education, U. S. Department of Health, Education and Wel-
fare has published a 78-page booklet which records the dates when the legisla-
tures of the various states accepted the provisions of the Land-Grant Act (5).
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LEGAL FRAMEWORK FOR STATE-FEDERAL COOPERATION

The Land-Grant Act, signed by Lincoln on July 2, 1862, and the Act creat-
ing the Department of Agriculture, which he had signed on May 15, 1862, were
destined to become the legal framework for state-federal cooperation in agri-
cultural research. In the true sense of the word, however, state-federal coop-
eration did not come about until 1887, with passage of the Hatch Experiment
Station Act of 1887, and the Act of February 9, 1889, raising the United States
Department of Agriculture to cabinet rank.

The struggle was a long and earnest one. Many of the young professors who
gave support and sponsorship to the land-grant college movement were not sat-
isfied that their end objective had been reached. They wanted the colleges to be
scientific institutions where knowledge was sought as well as taught. Soon after
the end of the Civil War, there were attempts to establish a national organiza-
tion of land-grant colleges.

The divergent views of the science and experimentation group on the one
hand and the teachers' and college presidents' group on the other are discussed
at length in Chapters V and VI of STATE AGRICULTURAL EXPERIMENT STA-
TIONS (1, pp. 55-110). So are the differences of viewpoint between the state
institutions and the Department of Agriculture leaders.

In the meantime, there were increasingly glowing reports of the success
of scientific research on behalf of agriculture in Europe. Also, agricultural
experiment stations were becoming popular in the United States. The first was
begun at Middletown, Connecticut, in 1875. It was moved in 1877 to its present
home in New Haven. In the next 10 years, state agricultural experiment stations
were established in Alabama, California, Kentucky, Louisiana, Maine, Massa-
chusetts, New Jersey, New York, North Carolina, Ohio, Tennessee, Vermont and
Wisconsin. In addition, agricultural colleges in Colorado, Illinois, Indiana, Iowa,
Kansas, Michigan, Minnesota, Mississippi, Missouri, Nebraska, New Hmpshire,
Pennsylvania and South Carolina had also undertaken systematic experimentation
(6, p. 133). But until the Hatch Act of 1887 was passed, no federal funds became
available.

Numerous annual meetings of Department and lang- grant college leaders
did not come to a decisive point until 1885, when the new Commissioner of Agri-
culture, Norman Colman, invited delegates from the agricultural colleges and
experiment stations to meet in Washington, D. C. The convention paved the way
for organization of the American Association of Agricultural Colleges and Ex-
periment Stations. The latter did not materialize until six months after passage
of the Hatch Act. The Hatch Act authorized federal funds for establishing and
maintaining agricultural experiment stations in each state.

By the terms of the Act and subsequent legislation, the states are required
to provide matching funds on a formula basis; also to furnish physical plant
facilities such as buildings, laboratories, and acreage for experimental purposes.
Two points need to be kept in mind: (1) That the stations have, since the begin-
ning, been bona fide state institutions --they continue as such; and, (2) although
there is a high degree of cooperation between the Department of Agriculture and
the state experiment stations, there is no effort on the part of the federal gov-
ernment to exercise direction or control.

"What was the significance of the Hatch Act," asked Dr. Russell Thackrey,
Executive Secretary- Treasurer, National Association of State Universities and
Land-Grant Colleges, in an address given on the 75th anniversary of the Mis-
souri Agricultural Experiment Station, in April 1963. "Historically, this can
be answered in many ways: (1) The usual way is to point to the greatly increased
efficiency of American agriculture with the resulting abundance of food and fiber
available to a rapidly increasing U. S. population at steadily decreasing costs in
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terms of hours of work involved; (2) The establishment of research as a func-

tion of the American university, and thus the development-- in America --of the

true university as distinguished from the undergraduate teaching institution-

-

the transmitter of inherited knowledge, known as the college" (7).

FUNDS FROM THE FIRST MORRILL ACT

Nearly 17-1/2 million acres of land were involved under the Morrill Land
Grant. The sum realized for establishing colleges was only $7.5 million. It is

reported that the income realized from the endowment for all states in 1963 was
$3,139,289. The sums appear small by comparison with today's costs. How-
ever, the contribution to the establishment of the system of higher education a

hundred years ago was of tremendous importance. In 1963, the land-grant col-

leges received from all federal sources a total of $771,808,102.

SECOND MORRILL ACT

Before considering the organization and administrative relationships for

education, research and extension activities of the land- grant colleges, estab-
lished under the First Morrill Act, it is important to pay additional tribute to

Senator Morrill for his continuing efforts to provide funds for the further endow-
ment of the land-grant colleges. From 1872 to 1890, there were only two years
when he did not have before Congress proposals to provide additional support.

His efforts paid off with the approval of the Second Morrill Act in 1890,

This legislation granted to existing colleges, or those to be organized under the

First Morrill Act, an additional $15,000 for each state, to be derived from the

sale of public lands. The $15,000 was to be increased by $1,000 a year until the

annual payment was $25,000, Amounts specified under the Second Morrill Act
have since been increased.

All of the states did not use monies received from the sale of land to es-
tablish new colleges. In the Midwest and South, 30 states established new agri-

cultural and mechanical colleges. In 18 states, the money was given to existing

state universities to establish new mechanical and agricultural departments.
Five gave the money to private colleges.

ADMINISTRATION OF THE HATCH EXPERIMENT STATION ACT

The Secretary of Agriculture, under Section 7 of the Hatch Experiment
Station Act, is charged with proper administration and is authorized to establish
such rules and regulations as are necessary to carry out the provisions of the

Act. The Secretary also has the duty to furnish advice and assistance, to take
part in planning and coordination of research and to indicate the lines of re-
search that to him seem most important. In addition, the Secretary assists in

establishing cooperation among the states and between the states and the U. S,

Department of Agriculture,

The Cooperative State Research Service, in representing the Secretary of

Agriculture, carries out the following principal administrative functions:

1. Review and approval of all research proposals before Hatch Act funds
can be expended,

2. Review annual programs of research giving fund assignments to con-
tinuing projects.

3. Review annual reports of research on each Hatch Act project,
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4. Periodic review of research progress and associated research expendi-
tures from Hatch fund at the state experiment stations.

5. Consult with experiment station directors and station scientists on re-
search planning, coordination and administration.

ADMINISTRATION OF THE STATION IN THE STATES

Research at the state agricultural experiment stations is under the leader-
ship and administration of an experiment station director. The director is re-
sponsible to the head of his institution and to its governing body within the state.

He is not a federal employee. The station director is responsible for initiating

and guiding the station research program, for maintaining a competent staff, for
providing cooperative relationships for a productive research program and for

giving satisfactory proof that Hatch fund expenditures have been made in accord-
ance with the approved program of research.

TEACHING AND RESEARCH RELATIONSHIPS

The idea that increase in scientific knowledge could be stimulated through
a combination of research and teaching was loudly debated in the formative years
of the land-grant movement. In 1850, not a single college in the United States
was equipped for laboratory teaching. By 1870, only six colleges taught chem-
istry and physics by the laboratory method. The breakthrough came with the
establishment of agricultural experiment stations as departments of the land-
grant colleges. Leadership in this movement was given by chemists on the basis
of experiences they had gained studying in European universities. They became
prominently identified with the early land- grant colleges. Their dedication to

science gained popular support and brough passage of the Hatch Experiment
Station Act in 1887 (11, p. 137).

At the Land-Grant Centennial Meeting in November 1961, the late Presi-
dent Elvehjem of the University of Wisconsin said: "It seems clear that the
land- grant institutions have been extraordinarily successful in graduate work.
Why they have been so is not so obvious. Generally it is conceded that empha-
sis they have given to research is fundamental to their leadership. For gradu-
ate teaching is research, and research was given greater emphasis by the es-
tablishment of the agricultural experiment stations, which formalized and rec-
ognized research in our institutions for more than three-quarters of a century"
(12, p. 190).

STATE EXPERIMENT STATIONS AND THE DEVELOPMENT OF SCIENTISTS

Reference has been made to the close association between research and
teaching at the graduate level. Considering only the Hatch research funds, ex-
periment station staff members have 2,300 graduate students currently asso-
ciated with them in doing research as a part of their graduate training. Based
on a total experiment station scientific staff for the nation of about 9,500 scien-
tists engaged in full or part-time research, there are associated with them in

conducting research as a part of their graduate training about 8,000 graduate
students. The continued development of this supply of scientific manpower, I

feel, is one of the major reasons for the success story in agriculture. In addi-
tion, because of the basic nature of the training in agricultural sciences, the
scientists with advanced degrees find employment in scientific areas other than
agriculture and contribute to the total advancentient of science.
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FEDEu-L FUNDS TO ESTABLISH AND SUPPORT
STATiSS AGRICULTURAL EXPERIMENT STATIONS

The origins' I'n-'.ch Act of 1887 to establish and support agricultural experi-

ment stations in " ^r .ection with the land- grant colleges provided $15,000 to each
state for this purpose. Congressional acts in 1906 and 1926 increased total fed-

eral assistance to each state to $90,000. Beginning in 1935, federal assistance

was allotted on a formula basis, on the proportion of the rural and total popula-

tion of the state to the total rural and total population of all the states. Also,

federal assistance to the individual states required that the federal fund be

matched by funds made available for agricultural research by the state.

New legislation in 1946, providing additional support, authorized the use of

not more than 25 percent of sums appropriated for any fiscal year to be allotted

for cooperative regional research. The legislation of 1946 also required that 20

per cent of new appropriations be used for marketing research.

Members of Congress and experiment station directors actively supported
the regional research concept to accomplish improved research planning, co-

ordination and avoid unnecessary duplication in research. Regional research
funds can only be used for cooperative regional research recommended by a

committee of nine persons, elected by and representing the directors of the

state agricultural experiment stations and approved by the Secretary of Agri-
culture.

Section d(5) of Senator Pell's legislation provides for encouraging and facil-

itating the expansion, development or creation of regional centers of excellence
in various fields related to marine science.

Experience with the cooperative regional research approach in agriculture
merits your careful consideration in developing plans for a coordinated ap-
proach. The regional approach makes it possible to concentrate funds and facil-

ities at a location that can unite several educational institutions in a common
geographic region to contribute to progress on a problem rather than have a
program so widely dispersed that it is not possible to provide staff or equipment
adequate to accomplish the needed research and desired training for increased
competence in marine science.

CONGRESS RESTATES CONCEPT OF EXPERIMENT STATION RESEARCH

Congress responded in 1955 to the requests of the Department of Agricul-
ture and the state experiment stations to consolidate the several acts authoriz-
ing federal fund assistance to the experiment stations. A basic objective of con-
solidated legislation was to improve research administration. The broad con-
cept of agricultural research stated in the amended Hatch Act of 1955 is as
follows:

"It shall be the object and duty of the state agricultural experiment
stations through the expenditure of the appropriations hereinafter
authorized to conduct original and other researches, investigations,
and experiments bearing directly on and contributing to the establish-
ment and maintenance of a permanent and effective agricultural in-

dustry of the United States, including researches basic to the pro-
blems of agriculture in its broadest aspects, and such investigations
as have for their purpose the development and improvement of the
rural home and rural life and the maximum contribution by agricul-
ture to the welfare of the consumer. . ." (1, p. 233).

For the fiscal year 1965 the Hatch Act institutional grants to the experi-
ment stations provided $36,729,000 in formula funds and $10,200,000 for
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regional research. The experiment stations also receive about 11 million in re-
search contracts from USDA agencies, 24 million in research grants from other
federal agencies and about 140 million from state sources, for a total of 2 22
million dollars.

COMPARATIVE EVALUATION BY UNIVERSITIES OF FEDERAL
ADMINISTRATION OF RESEARCH GRANTS AND CONTRACTS

The Select Committee on Government Research of the House of Represen-
tatives, 88th Congress, Second Session, in Study Number 1, reported on"Grant-
ees Rate the Grantors." Colleges and universities receiving a questionnaire
from the committee were asked to express level of satisfaction for the depart-
ments and agencies with which they had contact. The levels were: (1) excellent;
(2) reasonable; and, (3) difficult. The universities also were requested to give a
grading in the following five areas: (A) administrative red tape; (B) reporting
requirements; (C) budget details and negotiations; (D) length of decision making;
and,(E) fairness of selection process.

The summary of replies gives cause for some boasting by the agency that
I represent. The Cooperative State Research Service system of federal research
fund administration received the highest level of satisfaction on the factors indi-
cated above.

IMPACT OF LAND-GRANT COLLEGE PROGRAMS ON NATIONAL ECONOMY

Several publications using somewhat different approaches have been pre-
pared on the returns from agricultural research supported with public funds
(8, pp. 40-45). Fortunately, the request of your program committee only sug-
gested that I "touch" on the effect of land-grant programs on the national econ-
omy.

Beyond the measures of economic significance, I feel that Dean Spilhaus
has captured the broader concept in his statement on "The Idea," in the con-
ference program statement. May I repeat, "Establishment of the land- grant
college was one of the best investments this nation ever made." It seems rea-
sonable to assume that Dean Spilhaus had more in mind than measurable return
on the dollars invested. Evaluation needs to include the educational system that
evolved and the contributions made to the progressive development of our coun-
try from all programs of the land- grant system.

ESTIMATE OF CONTRIBUTIONS FROM AGRICULTURAL
RESEARCH TO ECONOMIC GROWTH

The release of workers from agriculture, combined with abundant supplies
of food and fiber for use it home and for foreign trade, provided the base for the
industrial and economic growth in the United States, If output per man-hour in
farming had remained the same as in 1920, today's farm output would need a
labor input nearly 4-1/2 times that used in 1963 when 6-1/2 million workers
were employed in agriculture. Nonagricultural employment increased by over
36 million in this period of time. Even though agricultural employment now
comprises about seven percent of total employment, agriculture's contributions
to economic growth are significant and will continue to be so in the future.

About one-fifth more total resources would have been required to produce
the 1963 farm output if farmers had used the production techniques of only a
decade earlier. At cost levels in 1963, these additional resources would be
worth about $8 billion annually. If we also assume technology in the processing
and marketing of farm products at the 1953 level, handling the expanded volume
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of products in 1963 would have required added resources of around $5 billion

annually. Therefore, the total savings in resources amounted to approximately
$13 billion in 1963. Once achieved, the economic gains from increased effi-

ciency continue to benefit consumers each year. Research-based increases in

efficiency of producing, processing, and marketing of farm products, accumu-
lated for the last 10 years, represent savings to the nation of around $70 billion

worth of labor, capital, and other resources. Additional efficiencies arising
from new technology will make these savings even greater in future years.

Exports of food and fiber products are of utmost importance to American
agriculture and to the American economy. One out of four acres of cropland in

this country today is producing for export. Agricultural exports, running to an
all-time high this year of $6.3 billion, account for more than a fourth of the

nation's total earnings from the sale of merchandise abroad. This record vol-

ume of farm exports has become an important contributor to domestic economic
activity as well as an aid in meeting our foreign commitments and foreign policy
objectives.

LAND AND SEA

When one considers the low correlation between the location of the world's
areas of population concentration and the areas of productive soil a conaplex
problem is presented. In a paper entitled Food from the Sea, presented October
19, 1965 at the annual meeting of the Agricultural Research Institute, National
Academy of Sciences, Dr. Chapman considered the great potential of the sea as
a source of food. In his paper. Dr. Chapman indicated that much of this food re-
source is lost at the present time. With adequate knowledge the resource of food
from the sea can do much to erase hunger from the earth (9).

The objective of providing an adequate food supply for all of the peoples of the
world brings the analogy of the land- grant -and the sea-grant college into close
association. The research, educational and developmental tasks required will

need a crew representing competence in many disciplines.

FEDERAL FUNDS FOR RESEARCH AND GOALS OF HIGHER EDUCATION

The increase in federal funds available for research by universities since
the Second World War has received the attention of both educators and govern-
ment science administrators. The concentration of funds at a limited number of

institutions in relation to the possible effects on teaching and research at smaller
institutions continues to receive attention.

In hearings before a subcommittee of the House Committee on Government
Operations held on June 14, 15 and 17, 1965, "Conflicts Between Federal Re-
search Programs and the Nation's Goals for Higher Education" were reviewed
(10, pp. 51-202).

Award of research grants on excellence criteria is discussed in relation to
the more adequate use and development of research and teaching talent at small-
er institutions. The smaller college without an established reputation in science,
or with inadequate scientific equipment is usually at a disadvantage for develop-
ing a close relationship between teaching and research.

A federal research funding arrangement (institutional grant) that will give
the university greater opportunity for developing desirable teaching and research
assignments is considered. It is suggested that if up to 25 per cent of the federal
research funds at a university could be institutional grants, the universities
would have greater flexibility in more effectively meeting problems of research
and teaching assignments.
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The record of productive research and high quality graduate training by ex-
periment station scientists gives support to the institutional grant concept. Under
the Hatch program, the experiment station director has the responsibility for
making the decision on distribution of time between research and teaching. Re-
search assignments are reviewed periodically to determine progress being made.

STRENGTHENING EDUCATIONAL INSTITUTIONS BY
WIDER USE OF FEDERAL FUNDS FOR RESEARCH

The hearings referred to above placed special emphasis on the need for fed-
eral granting agencies, in accomplishing their missions, to consider strength-
ening the academic institutions of the nation.

On September 14, 1965, President Johnson issued a new policy statement
on the use of federal research funds to aid in strengthening educational institu-
tions while performing research relative to the mission of the agency. The
Presidnt stated:

"The purpose of the new policy statement I am issuing today is to
insure that our programs for federal support of research in colleges
and universities contribute more to the long run strengthening of the
universities and colleges so that these institutions can best serve the
nation in the years ahead."

The President particularly mentioned the concentration of funds in "too
few institutions in too few areas of the country" and the need for providing sup-
port "under terms which give the university and the investigator wider scope
for inquiry, as contrasted with highly specific, narrowly defined projects."

SUMMARY

1. By means of historical review special emphasis has been given to the
federal government (USDA) and land- grant college relationships in the adminis-
tration of research supported by federal funds at the state agricultural experi-
ment stations.

2. Through the cooperative development of administrative procedures the
experiment stations have been concerned with problems of conflict in the use of
Hatch Act funds, problems of relationships to the parent land- grant institutions
and problems of inadequate research program planning and coordination among
the states and between the states and the United States Department of Agricul-
ture. Much progress has been made. The experiment station concept provides
a pattern of cooperative activity that combines with local individualism and re-
sponsibility the benefits of centralized planning. The future offers even a greater
potential for more effective programs of agricultural research through greater
use by the state stations and the federal government of expanding opportunities
for joint planning and cooperation in research.

3. The Hatch Experiment Station (institutional grant) Act has contributed
in many ways to the development of research competence through the nation.
Federal funds for agricultural research have stimulated the states to provide
from state sources nearly $4 for each federal dollar (based on an average of all

the states.)

4. The interrelated discipline approach required in agricultural research
has produced scientific strength at the land- grant colleges. The continuing chal-
lenge in agricultural science is to seek cooperation that will make it possible to
determine the interaction of various sciences for progress on agricultural prob-
lems.
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5. Hatch Act funds to the state experiment stations and state funds have
provided the scientific base that has made it possible for the stations to con-
tribute to federal agency missions. This has been possible through use of spe-
cial grants that further the mission of the federal agency, when consistent with
the goals of the stations.

6. Federal funds to the experiment stations have stimulated an increase in

the amount of effort devoted to basic research. At the present time, about 35
percent of the resources available are devoted to basic research.

7. The system of federal administration that has evolved provides checks
and balances through research project and program review and reporting in a
systematic manner. Emphasis in review of proposed research and research in

progress is an improved quality. Nearly a 20 percent annual turnover in Hatch
research projects presents opportunity for maintaining a viable program. Cur-
rently, efforts are directed to a concentration of research efforts at the state

statiohs to provide more adequate support for research of the highest priority.

8. The experiment station institutional grant under the Hatch Act authori-
zation has been an effective procedure for progress in science and for the de-
velopment of scientists through participation as graduate students under the
supervision of station staff scientists.

9. Agricultural research has contributed to the economic development of

the United States. Benefits extend to all the people of this country. In addition,
the export of food and agricultural technology is contributing to the development
of other nations.

10. The experiment station experience indicates there is a greater oppor-
tunity for increased research effectiveness by careful planning and coordination
of research effort and attacking problems of regional significance through the
joint effort of several states and the federal government at a limited number of

locations.

11. Development of knowledge for effective use of the resources of the sea
to contribute to the solution of problems of mankind represents a challenge that
merits the cooperation of the Government and the universities to develop rela-
tionships that will result in greater progress.
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OUR STAKE IN THE SEA - PRESENT AND FUTURE

Milner B. Schaefer, Ph. D., University of Washington, 1950. Since
1962, he has been Professor of Oceanography and Director, Institute

of Marine Resources, University of California. He is Chairman,
National Academy of Sciences Committee on Oceanography. An edu-
cator, and scientist, he has also served the federal government as
consultant and expert on areas in oceanography.

The explosive growth of the world's human population is well known. The
present rate of growth, with a doubling time of about thirty years, cannot con-
tinue indefinitely. However, we may be quite certain that before the human pop-
ulation comes into balance, it will reach levels much above the present three and
one-half billion. It is probable that the population will reach ten billion early in

the next century. The population of the world, and of the United States, is not

only increasing rapidly in numbers but is demanding increased standards of

living attainable through the application of science, technology and industry. A
population of ten billion people will demand an enormous supply of goods and
services if it is to have a healthy and satisfying existence. The present rate of

growth of the population and the increase in human welfare is already placing
great strains on the resources of the land, and is pushing men everywhere to the

sea to satisfy a portion of the needs. The march to the sea is manifested in

many ways. All major maritime nations, and a good many others as well, are
rapidly increasing their scientific endeavors to understand the sea and its con-
tents, and their technical and engineering efforts to master the sea. The fishing
fleets of the world are growing even more rapidly than the world's human popu-
lation. The world's merchant marine is growing more rapidly than at any time
in history, and is also evolving new types of shipping such as the giant super-
tankers, automated vassels, and vessels designed for handling both bulk and
packaged cargoes in more efficient ways. Unfortunately, the United States is far
from being in the vanguard of these developments.

Production of petroleum and natural gas from beneath the sea on the con-
tinental shelves is booming; it is believed that perhaps 25% of the total petroleum
reserves of the world lie in submarine areas. Other mineral deposits of the

shelf-diamonds off South Africa, tin near Malaya, gold off Alaska, not to mention
the ubiquitous but highly important sand and gravel for construction materials,
are being mined from beneath the sea in increasing quantities. Other deposits,
such as phosphorite nodules on the continental shelves and continental border-
lands, and ferromanganese nodules which pave a large portion of the deep ocean
will certainly come into production within the next decades.

Men are also learning how to live and work under the sea, and will shortly
be able to occupy the sea bottom. Already Cousteau's aquanauts in the Mediter-
ranean, and our aquanauts from Sea Lab II off California, have been able to live
and work under the ambient pressure to depths of 300 feet, and it is almost cer-
tain that this limit will be soon extended to 1000 feet. With deep diving vehicles,
and pressure protection for deeper habitations, men will certainly be able to-

operate, within the next decade, directly anywhere on the bottom of the ocean,
and through the overlying waters.

The capability to occupy the ocean, and the growing importance of its re-
sources, brings increasing pressure to bear on the system of legal jurisdiction
and property rights which man has historically obtained. Considerable modifica-
tion of the ancient system of laws was made at Geneva in 1958 through the four
Conventions on the Law of the Sea. Two of these, in particular, the Convention
on the Continental Shelf (which came into force in June 1964) and the Convention
on Fishing and Conservation of the Living Resources of the High Seas (which
requires but four more ratifications to come into force) went far beyond simple
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codification of the existing law, and established vast new rights and duties. Under
the Convention on the Continental Shelf, nations acquired sovereign jurisdiction
to the natural resources of the sea bed and sub-soil of the submarine areas adja-
cent to the coast, and outside the limit of the territorial sea, to a depth of 200
meters or beyond, to where the depths of the superjacent waters admits the ex-
ploitation of the natural resources of these areas. This Convention also estab-
lished rules for delineating the boundaries between nations facing the same piece
of continental shelf. It is most fortunate that this Convention came into force
almost simultaneously with the discovery of submarine hydrocarbon deposits
under the North Sea, thereby providing a basis for delineating the jurisdictions
of the several nations surrounding it; otherwise, the resulting squabble would
have been fearful to behold.

Under this same Convention, the United States has acquired sovereignty
over 850,000 square miles of adjacent sea bottom. This v/et real estate adds
about 25% to our territory. This has further stimulated interest in finding out
just what this damp domain is good for-- what is there and how it may be used.
It has also raised the question of how far out along the bottom of the deep sea
we may consider the exploitable sea bed to be yet "adjacent" to the coast. The
matter of the ownership of the sea bottom remote from the shelf was purposely
left open at the Geneva Conference, because the needs and capabilities of men as
they develop in this region must be the guide to the further progressive develop-
ment of the law.

The Convention on Fishing and Conservation of the Living Resources of the
High Seas establishes an elaborate and useful set of rules for the exploitation of

the fisheries, but leaves these resources in the status of common property of all

men and all nations. It establishes a satisfactory framework for the use of these
common property resources and their maintenance in such condition as to be
capable of providing the maximum supply of food and other marine products. It

makes no provision, however, for who harvests the fish. This must be resolved
in open competition, under the rules of the Convention, and perhaps eventually
by some subsidiary agreements among nations.

It is clear that in the major part of the watery realm, covering nearly
three quarters of the planet, there will be increasing competition for the use of

the resources. It is already abundantly clear that the inshore waters, the mar-
ginal sea, along the coast of the United States and elsewhere iis becoming crowded.
The coastal belt within 50 miles of the ocean is now occupied by 52 million peo-
ple, 29% of our population, and contains a vast industrial and urban complex. The
margin of the sea, its beach and shore, is used for a variety of purposes, in-

cluding seaside recreation, ports and harbors, industrial sites, power plants,
and waste disposal establishments. To accommodate all of these uses we must
stretch the beaches, and properly allocate the various uses. Similarly, the
adjacent waters are of tremendous importance for recreation, for transportation,
for production of petroleum and minerals, as a source of fresh water on arid
coasts, for cooling water for power plants, for disposal of domestic and indus-
trial wastes, and for the production of animal protein from the sea. It is only in

bays, estuaries, and along the margin of the sea that fish farming is likely to be
practicable in the foreseeable future, because it is only here that one can raise
sedentary organisms or fence in non- sedentary ones, and can effectively modify
the environment at any acceptable cost. This multiplicity of alternative, and
sometimes conflicting, uses demands the highest degree of sophistication in the
application of science, engineering, economics, sociology, law, politics, and
diplomacy, if we are to develop the necessary new institutional arrangements
for the fullest and most beneficial use of this region.

SOME IMPORTANT RESOURCES

The resources of the sea include not only what we take out of it, the extrac-
tive resources, but all of the ways in which we use the sea. The extractive re-
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sources include the living organisms, which support the fisheries, petroleum,

minerals, and water. Important nonextractive uses include transportation, recre-

ation, waste disposal, and power. Direct extraction of power from the sea, such

as by tidal power or by generation of electricity from thermal differences, is of

importance in only a few localities, and is not likely to provide any large share
of the total power requirement of the human population, but the use of the sea

for cooling water for nuclear power reactors is of rather considerable impor-
tance.

It has been pointed out many times that the atmosphere and the upper ocean
form a single physical system the operation of which determines the weather and
climate. The key to extended weather forecasting lies in the understanding of

the actions and interactions of this system. Similarly, through understanding of

the system there may be a future possibility for the modification of weather and
climate. We may hope to learn how to control hurricanes, or prevent their gen-
eration, and to modify the natural distribution of rainfall, for example. Both of

these are presently well beyond our capabilities, but their importance to human
affairs is so large that we cannot ignore them.

I shall not attempt here to review in detail the extent of the present uses
and future potential of all of these various resources of the sea. They have all

been examined in some detail by the National Academy of Sciences' Committee
on Oceanography in a recent publication on "Economic Benefits from Oeano-
graphic Research." That report considered primarily the direct economic
benefits to the United States from the utilization of the resources of the sea. It

touched only lightly, however, on the uses of the sea for satisfying the needs of

the rest of the world, simply pointing out the ways in which the pursuit of studies

of the ocean and its contents could be accelerated to the mutual benefit of the

United States and other nations through international cooperation, and the value
of international cooperation to the long-term objectives of our nation. It must be
noted that some, at least, of the resources of the sea which provide important
opportunities to the United Stwtes are vital necessities to some other nations.

For example, animal protein from the ocean is of importance to the nutrition of

people in the United States, but it is a vital necessity to such countries as Nor-
way, Japan, India, or the Philippines, which cannot possibly produce on their

land the quantity of animal protein required for the adequate nutrition of their

people. We may also note that transportation of heavy and bulky cargoes by
sea is indispensable to the industrial development of most nations,

STRATEGIC IMPORTANCE

The more extensive and intensive use of the resources of the world ocean
by more and more people presents great new opportunities to the United States,

and also must inevitably bring new conflicts, and new dimensions to old con-
flicts, among the nations. The strategic position of the United States can be pro-
foundly affected by the comingintensivedevelopment of this new frontier.

One obvious element of United States strategy is to secure for its people a
legitimate share of the resources of the high seas and of the underlying sea bed.
I have already noted that the international law is proceeding toward the estab-
lishment of property rights of one sort or another in these resources. It may be
that it would be of the greatest advantage to the United States and to other na-
tions to vest the ownership of these resources in the United Nations or some
other international agency, as has been suggested. It also may be that this

solution would be most unwise, and that other arrangements among nations for
the allocation of the uses of the resources would be superior. We may, in any
case, be sure that the nation which has the most knowledge of the ocean and its

resources, and is in the forefront of the actual use thereof, will be in the best
position to control its own destiny.
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Traditionally, the strategy of the United States with respect to the high
seas has been mainly concerned with the freedom of our maritime commerce
and the operation of our naval fleets. For purposes of defense the United States
must maintain control of vast portions of the sea. It must be able to use this
broad highway to other lands, and to interdict hostile craft from those portions
of the sea adjacent to the United States or adjacent to other nations for whose
defense we carry the responsibility. Because of the importance to our com-
merce and our defense, the United States has always been willing to maintain
the necessary control of the sea by nailitary action if necessary.

This still applies, and will continue to apply. However, in the modern
world, the direct application of military force is becoming more and more dif-
ficult and less and less fruitful. Control of the sea by other means is of in-
creasingly greater importance. Other thanmilitary force, the important element
of control of the sea is its use. The main ways in which nations have used the
high seas in the past are for marine transportation and for fisheries. The exis-
tence of large merchant fleets and distant water fishing fleets flying a nation's
flag has been an important element of its sea power. This is still the case. Un-
fortunately, our merchant fleet dwindles and our fishing fleets are decadent,
while the fleets of other nations, including the Soviet, flourish. Merchant ves-
sels and fishing vessels of the Soviet are based near an uncomfortably large
share of the strategically important straits and passages connecting the differ-
ent parts of the World Ocean. It would seem important to reverse this trend.
A program of vigorous expansion of our commercial and fishing fleets, which
should be capable of accomplishment through the application of our superior
technology, seems appropriate. Likewise, the exploitation of other resources of
the high seas, and most particularly the minerals of the sea bottom, will be an
important element of the use of the sea whereby we maintain a modicum of con-
trol. The ultimate element of peaceful control is, of course, occupation. The
nation whose people actually live on, and continuously draw their sustenance
from, an area of this planet usually winds up controlling or owning this area,
while the non-resident exploiter cannot stand up against these people. For ex-
ample, the Spanish Crown could not hold its New World claims, because they
were essentially based on the extraction and export of treasure, rather than full

occupation and use. Similarly, the cattlemen could not hold the open range of
our Great Plains against the settlers who occupied and farmed it. Who first
learns to live in and occupy portions of the sea will have the highest probability
of controlling them. We should, therefore, push vigorously toward this capa-
bility.

THE NEED FOR THE COLLEGE OF THE SEA

Fulfillment of our destiny in the ocean requires a great deal more than the
application of science and technology. This strange and unfamiliar milieu, the
sea, presents problems of economics, sociology, law and philosophy to which
old solutions and old traditions imperfectly apply. New institutions, and new
ways of thought, require development. Our entry into this new realm requires
the integration of many disciplines in both the sciences and humanities. We need
to have scholars working closely together in the hard sciences such as physics,
chemistry, biology, and mathematics; in the soft sciences, such as sociology and
economics; in engineering; in law; and others. There is an obvious need for the
college of the sea to bringtogether men of all these disciplines to carry out their
scholarly pursuits, research and education in relation to the ocean. The ques-
tion is, how can this be accomplished? Some attempts are being made to accom-
modate this need by the establishment of institutes in which faculty and research
members of different departments of a large university can work together on the
problems of the ocean. For example, my own Institute of Marine Resources of

the University of California is a university-wide institute established to be a
focal point for the interest and action of men in different departments, and from
the various campuses, who are concerned with marine resources, to foster
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research and education, and similar functions. Dean Knauss here at Rhode
Island is in the process of developing a similar interdisciplinary approach to

the ocean. This sort of arrangement has the advantage of drawing on the large
potential of existing strong departments in the various disciplines. On the other
hand, it lacks the cohesiveness that a separate college devoted to the sea might
attain. Whatever way the problem is approached, we must not lose sight of the
importance of education, research, and scholarship as an indivisible whole. It

is also important, I believe, that at this level of education and research men
have a solid foundation in the fundamental disciplines before specializing in their
application to the ocean. The college of the sea needs, therefore, like a college
of medicine to operate primarily at the graduate level.

OTHER NEEDS

The foregoing concepts of the college of the sea, or of the ocean institute
within the university, are possible means of filling the requirements for univer-
sity level education, research, and scholarship. However, society has additional
demands. There need to be trained skilled technicians. There also needs to be
provided continuing education, beyond the formal educational period, of both pro-
fessional people and sub-professional people. Finally, it is extremely important
to establish a satisfactory mechanism for transm.itting new knowledge and under-
standing about the ocean to those who actually use the ocean, so that they can
employ it productively. This applies to personnel in industries already using
the ocean, such as the merchant marine, fisheries, or petroleum industries, and
others which will be increasingly usingthesea, such as the mining and construc-
tion industries. There is a need for aquacultural experiment stations and exten-
sion services.

These are important elements in the development of the uses of the ocean.
In an earlier day, the satisfaction of similar requirements in relation to uses of

the land were important functions of the Colleges of Agriculture and Mechanical
Arts, and the agricultural extension services attached thereto. In recent years,
however, the faculty of many colleges and universities have come to regard many
of these functions as not being appropriate to the modern university. This is, I

believe, particularly true of the training of technicians, and extension services.
The question arises, therefore, whether these functions canbe successfully car-
ried out by the university, and if so, how? If not, what new sorts of institutions
do we need? Perhaps, answers to these questions will be provided at this con-
ference.
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NEWEST FRONTIER: THE WORLD OCEAN

G. William Miller, L.L.B., University of California, 1952. Joining
Textron, Incorporated in 1956, he rose to President in 1960, at the age
of 35, of this major diversified manufacturing company operating
more than 100 plants in 30 states and several foreign countries.
Textron's corporate headquarters are in Providence, Rhode Island.

Twenty years ago, I graduated from the Coast Guard Academy in New Lon-
don, receiving a degree in marine engineering. At that time we were a nation
deeply involved in a great war. We were endeavoring to defend not only our
nation but our free societies throughout the world. Almost five centuries ago
Columbus made the most important sea voyage of all history. Between that time
and the time that I graduated, the world was beset by enormous change. In the time
between my graduation and the present there has been just as much change as
took place in those five centuries. The characterization of our time indicates we
are living in a time of accelerating change. For example, we have expended
more for scientific research, since World War II, than was spent between Colum-
bus' voyage and the war, so that the acceleration of effort has been really enor-
mous.

This technological revolution has been going on very rapidly and has been
changing our society at an accelerated pace. Now this is about to be surplanted
and superimposed with demographic ways that will have tremendous impact.
We're on the threshold of a population change that is unprecedented. This com-
bination of technological development and population explosion will certainly
have enormous impact over the next one hundred years. There are some people
who are rather gloomy about this future. They predict the results are going to

be very disastrous and we are going to have vast dislocations. They predict in-

creasing unemployment, and our available resources of food and shelter will be
exhausted. It is a very gloomy prospect. The forecasters of this doom are see-
ing disaster for the whole world.

I don't share their views.

In our dynamic age this challenge is going to be nmet by the people who have
the vision, the imagination and determination to change scientific knowledge into
useful effort to overcome the dangers to humanity. The concept of the sea-grant
university is an example. Thoughtful people have responded to the needs of our
society, trying to plant the seeds that willblossom into real advantage and bene-
ficial use of resources for centuries to come. The world ocean, after all, is our
greatest resource. The sea-grant university certainly is a foundation to insure
that this resource is developed for the good of everyone. The key to meeting
the challenge of technological change and demographic explosion is people. That
is the human element of the whole resource equation. The solution is with
people of vision, people w'.th knowledge, and the determination to do that which
must be done. This describes the people attending this conference.

We have urgent needs in this field, particularly dealing with national de-
fense. We need to be able to see, identify, and locate vehicles in the water, just
as precisely as we can locate objects in the air with radar and reconnaisance
satellites. We need to have systems that are far more accurate, more powerful
and more effective than anything we now have if we're to secure our shores
from hostile activity. At the same time, we must not be shortsighted. Our needs,
while urgent in the field of national security, are far more important in the
longer term needs to develop the wealth of the sea. The explorers that came to

the new world, originally, were seeking treasure. The wealth they sought, the
windfall of picking up gold fronri the streets was indeed a very tarnished concept
and turned out to be nothing but fool's gold. Their greatest legacy to all of us was
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to uncover a haven for the oppressed and that's what America is today. Sur-
rounding oceans have influenced America for many centuries and have allowed
this country to be a fertile ground for breeding a free society, for letting it grow
to its strength and its maturity. As we think of exploring the great untapped
world of water, we should remember that lesson. If we seek to go out and pick
up treasures to enrich ourselves then we shall fail the real concept. We can
develop the ocean resources only through knowledge. Here is where the whole
concept of the sea-grant university is so meaningful, timely and important. It is

only with knowledge that we can reduce these resources to useful material,
energy, and food, for the people of the world. You know the techniques. You
are the scientists who know the equations and know how much more knowledge
we need to make them more effective. We need you to give us the criteria for

translating scientific knowledge into application. Business can provide the or-

ganization for applying this knowledge to the useful developnnent of these re-
sources.

It is rather interesting that the whole modern corporation had its origin

in the aspiration of the new world. In the need to combine human resources and
capital to develop the new areas of the world that were being found by the ex-

plorers, came the company acts, the charters of companies that could have per-
petual life. They could live beyond individuals and could accumulate the invest-

ments of many, many people. They could organize these corporations to develop
the resources and build the colonies that became the real strength of the new
world. Out of that new need to organize resources, came the most efficient eco-
nomic operating unit that exists anywhere in the world- -the American private
corporation. When the United States is confronted with the need to develop hard-
ware, to develop know-how, to develop techniques for exploring space, it turns
to American industry. However, these corporations never will be able to provide
what the universities can provide. Universities are the feeding ground of the
knowledge and the people who become the basic resource. American industry
will be ready to take the knowledge you gain and develop those resources in a
highly efficient way. This whole endeavor, will of course, need to be a partner-
ship. The government will certainly play a role because the problem is so
large and will require the seed money you are seeking in the sea-grant univer-
sity concept. It certainly will make the educational institutions do their utmost
to provide the highest level of accomplishment, the highest level of excellence
in thought and preparation, and it will need American industry to translate these
things into a final useful product. It's very engouraging because the world
oceans offer far more opportunity than outer space in the next hundred years
for developing useful resources to meet the needs of the technological and demo-
graphic changes.

I hope from this conference we can do more than talk and compare notes
and listen to very learned speakers. I hope we will do sonnething far more con-
crete. We should go home, each of us, and organize support for the sea-grant
university. Here tonight are people who can reach sixty or seventy senators
and hundreds of congressmen in their respective states. If you can communicate
to them the need, urgency and importance of this concept, then you will have
gained from this conference a landmark for a sea-grant university.

In closing, may I remind you that the sea yields to knowledge. When you
bring it to yield to you, may you bring it to yield for the good of humanity and
for no selfish purpose.
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SEA-GRANT UNIVERSITIES: THE POSSIBILITIES

AND COMPLICATIONS FROM THE UNIVERSITY'S

POINT OF VIEW

(A Panel Discussion)

Emery N. Castle, Ph.D., Iowa State University, 1952. He became
Dean of Faculty at Oregon State University in 1965, having been a
professor in the Department of Agricultural Economics for twelve
years. He is a consultant to the U. S. Departnaents of Agriculture,
Interior, and Defense.

In his correspondence with the panel members, DeanKnauss raised a num-
ber of provocative questions about the possibilities of sea- grant universities.
To do all of his questions justice would require more time than any one panel
member should appropriately use. I have chosen to focus directly on a small
number of issues. Because my background is largely in economics, water re-
sources, and agriculture, those questions have been chosen which will permit me
to draw upon this prior experience.

The Relevance of Existing Institutions

Perhaps it is not surprising that a university representative would con-
clude that existing universities are adapted to developing work in the marine
sciences. Regardless of the internal structure decided upon, all of the resour-
ces needed for marine science research and education can be found only in the
universities. The disadvantages of attempting to build a new institution would
appear to be far greater than the advantages of drawing on existing universities.

The reasons for this can be illustrated by the School of Agriculture at

Oregon State University. In this School one finds the usual agricultural produc-
tion departments. In addition the School has discovered there is much work
elsewhere in the University that is of great value in Agriculture. As a conse-
quence, such departments as Botany and Plant Pathology, Microbiology, Zoology,
Statistics, and Entomology do a very significant part of the research of the Agri-
cultural Experiment Station to say nothing of the contribution they make in the
training of students in the School of Agriculture. Similar kinds of relationships
also exist with certain social sciences as well as engineering. The specific or-
ganization arrangement to permit this is not so important if this kind of strength
is built into the marine sciences program. At Oregon State, the five depart-
ments mentioned above are a part of the Agricultural Experiment Station for re-
search purposes but are responsible to the School of Science in instructional
work. Several factors will influence the specific organizational plan in a parti-
cular institution. Among these will be: (1) tradition; (2) the magnitude of the
program in the marine sciences; and, (3) the kind of program underway in the
various root disciplines. We have emphasized strong departmental units but we
move freely across departmental lines in bringing people together for purposes
that do not coincide with departmental boundaries. For example, our Water Re-
sources Research Institute is entirely a coordinating unit; it has no research of
its own.

A School, College, or Department of Marine Sciences would be consistent
with our experience at Oregon State. We would hope, however, that such a unit
would not feel it would have to be completely self-sufficient for all purposes.
The mistakes that have been made in Schools of Agriculture and Home Economics
have been, in my judgment, mistakes associated with too great an emphasis on
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self-sufficiency and too much isolation. I believe this generalization holds not

only for Oregon State but for most of the land- grant universities with which I

am familiar.

The Pattern of Support

In these days of large grants fromNSF, NIH, and Office of Naval Research,
it is easy to overlook the pattern of federal financing that has been in existence
for a much longer period of time in support of the agricultural experiment sta-

tions. To describe the advantages of this program, permit me to use the words
of President Eric Walker of Penn State University. ^ He said:

"The land- grant institutions have a wide degree of freedom in the
use of these funds, since they are restricted only by the provisions
of the Hatch Act of 1955, which pulled together most of the previous
legislation relating to agricultural research. Programs supported
by these funds are initiated by plans outlined within the institution by
the directors of the experiment stations, and these directors are
solely responsible for the administration and guidance of the re-
search. The funds may be used for basic research, as in the case of

biological science, or for applied research. The directors may- -in
fact, are encouraged to- -pool their resources with other experiment
stations in order to attack regional problems, and the funds may be
used for research carried out in co-operation with support from
'other appropriate agencies and individuals.' Ihese 'other' sources
include not only industrial organizations and private individuals but
also state governments. In fact, most of the federal funds must be
matched, on a dollar-to-dollar basis, by 'non-federal' funds. The
effect of this federal 'seed corn' is seen in the fact that the total

expenditures at the agricultural experiment stations were about $115
million in 1959, or more than three times the amount available
through federal funds alone. This flexibility makes it possible for
the experiment stations to accept industrial grants for applied re-
search without upsetting the balance of the over-all program."

May I add that the above pattern of financing permits the development of a core
group of faculty people with continuous and dependable financing. Such dependa-
ble financing could be supplemented with a system of project grants to provide
incentive and permit rigorous evaluation of certain projects should this be de-
sired. Reviews are conducted of the administration of Hatch Act funds but
ideally these are reviews of programs primarily and projects secondarily.

Such dependable support has also been used for the work in extension or
adult education. Time does not permit me to list all the advantages of inte-
grated research and extension programs. These advantages are numerous, how-
ever, and similar to the United States Marines, apply to both the land and the
sea. In my opinion, it would be a mistake to establish "sea-grant universities"
without explicit provision for adult education or extension as a part of the total
program.

Does Regionalism Apply?

There are nunnerous specific questions implicit in the rather large ques-
tion posed by regionalism. The size of the sea-grant program in the marine

Walker, Eric Arthur, "Reorganization for Progress," Proceedings of the
American Association of Land -Grant Colleges and State Universities , Nov.
13-16, 1960, Washington, D. C.
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sciences, the pattern of financing, and local interest and support are all involved.
The problem is too complex to treat adequately but, again, the experience with
agricultural experiment stations may be of value.

There are two important factors which pull in opposite directions. First,

too many of our agricultural experiment stations try to do too many things. The
level of their support is such that their efforts are fragmented and it is not pos-
sible for them to have a significant total program. One certainly questions the

establishment of a large number of marine science centers with inadequate finan-

cing for each. In this connection, the wisdom of the Office of Naval Research in

supporting regional oceanography laboratories is appreciated. Given the present
and currently anticipated level of support, far more significant work is likely

to be done on this basis than if fragnnented among 30 or 40 institutions. At the

same time, 10 to 15 institutions are a sufficiently large number to preserve
competition and to avoid stereotyped approaches to problems.

On the other side of the picture, there is the difficulty of establishing re-
gional centers which can develop adequate local support. It may be difficult for

a state which does not have a "sea-grant university" to bring itself to provide
(say) matching funds for the use of a regional undertaking. Nevertheless, there
are many hopeful examples of regional cooperation in a variety of fields.

Considerable thought should be given to developing arrangements which
would permit the efficiencies of size to be captured and at the same time to ac-
commodate the virtues of local participation and contribution. As indicated

above, these are questions intinnately related to the level of support which is

projected and which Senator Pell has recognized.

Paul M. Fye, Ph.D.,Columbia University, 1939. He has been Director,
Woods Hole Oceanographic Institution since 1958 and President since
1961. He is a former professor, and for ten years was a research
scientist and adnninistrator for the U. S. Naval Ordnance Laboratory.

The committee for arrangements for this sea- grant college conference is

highly complimented, I am sure, by this large attendance. I think that they are
not only pleased, but astonished, by the numbers of us that have turned out to

discuss this important subject. It is so large that, as someone mentioned out

in the corridor, there must have been some idea that there was some federal
money available.

I am reminded of the fact that the Encyclopedia Britannica states that the

Land-Grant College Act was very disappointing in its financial return but highly

rewarding in its educational return. No one can deny that the Land-Grant Col-
lege Act did serve as a pump primer not only for the agricultural and mechanical
arts, but also for engineering in general. Obviously, it is hoped that the sea-
grant college idea might also serve as a trigger for a similar expansion and
pump primer in the sciences and technology related to the ocean.

I was fortunate, summer before last, in being a member of a group of about
a dozen oceanographers, together with a rather large group of engineers, with

the assignment of seeing what could be done today in terms of the real conquest
of the ocean. I wish there were time to tell you of some of the concepts and
ideas that came out of that study, but this has been published and is available.

The point I want to make is that it was apparent to all of us that the time was
right not only for such a study, but also for beginning to accomplish some of the

ideas which evolved. We looked hard at how one might go about the engineering
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of laboratories on the continental shelf where man would be swimming in the

waters while subject to ambient pressure, or laboratories in the ocean deeps
where it would be necessary to have vehicles protecting them; where you would
have work complexes of housing, laboratories, shops, and vehicle garages at

any depth in the ocean. It did seem to all of us participating in this study that

these things were now technically feasible, and that we had a largely untapped
store of scientific and engineering knowledge based on the great variety of tech-

nical advances which have been made in so many fields in recent years. More-
over, it seemed to us that the time was right not only from a technical stand-

point, but also from a standpoint of economic need and other needs. The sinking

of the submarine THRESHER brought home to many of us working in this field

some of the weaknesses that exist in our capability for working in the ocean.

Our inability to recover any major portion of the THRESHER merely illustrates

this.

I must remind you, however, that oceanography is a very young science.

As sciences go, it is still in transition from being largely the province of the

naturalist- -when we went out on the ocean and made discoveries on every cruise

and almost anyone could get a seamount named for his ship or an ocean canyon
named for himself. It is only within the last decade that we have moved into the

sphere of the experimental and theoretical scientist. For this reason it is clear

to me that so far as sea-grant colleges are concerned, we must talk about a well

integrated program; not one based simply on the advances that must come in

engineering and technology, but a compounded program with continuing research
and expansion of the things we are now doing in oceanography.

This was illustrated to me this part summer in a dive which I made in our
little submarine ALVIN during its test program down in the Tongue of the Ocean.
We had just completed an unmanned test dive to 7500 feet and the next dive was
planned for testing out the equipment in shallow water to see what was still

working after the big squeeze. I didn't expect to see much of anything that would
be new or different, but much to my surprise, we saw a few things which to me
were completely startling. Earlier this morning we heard about the necessity

of fishing being transformed from the state of hunting to farming. If we're

going to farm the ocean, we must be able to have fences which the fish will re-

spect, so that when you sow your crop you can also go back and reap it. And the

thing that struck me most forcibly about how well we must integrate our re-

search studies with our engineering was that I saw a fence in the ocean on that

dive in ALVIN. We didn't expect it --we didn't know about it.

As we went across the coral sandy reef close to New Providence Island, we
crossed what might be considered a barren desert in the ocean; no plants, no

fish, no animals, almost nothing of any kind. But suddenly at the edge of the

coral reef we came into an area with a great profusion of fish, the likes of which

I hadn't imagined existing in the ocean. We cruised along this reef for a couple

of hours. Looking out the port window of the submarine, one could see fish in a

great profusion of species, just as thick a concentration as you can imagine. Yet

just across the width of the submarine --the six foot sphere --out the other win-

dow, there wasn't a single fish. For two hours, I observed an invisible fence in

the ocean that was as sharp as you could possibly draw it. Only three giant angel

fish crossed the boundary, and those only for about the extent of one meter.

Why was it there? How did nature create such a fence? Is it one we could

reproduce to our own convenience? These questions require a lot of good science

and studies of behavioral patterns, in biology and physical oceanography, and

it's clear we must have such an understanding if technology is to be based upon
it.

I'm happy to be here and do support your idea. Dean Knauss, of the sea-
grant college. I believe that it will be necessary that the sea-grant college pro-
gram be one of broad integration of many disciplines based both on good research
programs and on good engineering programs.
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William J. Hargis, Jr., Ph.D..Florida State University, 1954. He has
been Director, Virginia Institute of Marine Science since 1959; Dean,
School of Marine Science and Professor of Marine Science, College
of William and Mary since 1961; and Chairman, Department of

Marine Science and Professor of Marine Science, University of Vir-
ginia since 1963.

Mr, Moderator, ladies and gentlemen, I early registered objections to the

sea-grant college-university concept. My objections were primarily directed
against: (1) the possible establishment of new systems of colleges; and, (2) the
dilution of legislative, executive and public support, and limited funds for ocean-
ography. These objections were partially based upon two surveys, by Dr. L. E.
Cronin, my counterpart at Chesapeake Biological Laboratory, Solomons, Mary-
land, and me, of interest and capability in marine science in the states along
the Atlantic Coast, which have a sizeable number of marine research institutions.

(I'm sure that like numbers exist on the other coasts). These surveys indi-

cated that a great deal of inadequately supported but potentially strong marine
capability exists. As a result, I came to the definite conclusion that what is

needed is not more institutions but more support for extant institutions. It is

also clear that more integrated large-scale efforts, and more cooperative ef-

forts between basic and applied aspects of marine science are necessary to

solve problems of marine resource uses.

It is now apparent that my original objections have been eliminated as the
concept of the sea- grant university has evolved. I wish to point out that the con-
cept of sea- grant colleges or universities has changed since first advanced by
Dean Spilhaus. It is still changing under the pressures of activities of groups
like this one, and through exchanges of opinions in the forum conducted at the

ASLO-MTS meeting in Washington (at which time I was stepped on quite vigor-
ously by the moderator). I'm encouraged, of course, that the idea has changed.

As Dean Spilhaus and Senator Pell have been careful to point out here,
they are not talking about the establishment of new colleges and universities,
but are interested in: (1) utilizing existing programs where possible and en-
couraging greater interaction between basic and applied aspects of marine
science; (2) encouraging more ocean engineering; and, (3) encouraging what is

especially important- -more money for these aspects of marine science. Per-
sonally, I believe, along with them and with Virginia's own Lt. Maury, that marine
science should serve society and that marine scientists have a strong obligation

to assist the users of the marine environment. To this end, we in our own pro-
gram at VIMS are attempting such projects as development of a managed estuary
in which we hope to bring the tidal Rappahannock under experimental control.

We have built a hydraulic model of the tidal James for applied as well as basic
studies of the structure and dynanaics of that estuary, and we are attempting to

establish a demonstration unit, so I'm fully in accord with the applied aspects
of this sea-grant college notion with the effort at integrating basic and applied
research and marine engineering and marine science. With these things as a
background, I must say that I am now a strong supporter of the sea-grant college
program. It is a good concept as it has developed and should be strongly sup-
ported.

Now I wish to mention several points around which controversy is certain
to develop. There are practical problems involved in this program, some of

which have been mentioned by Dean Castle and other panelists. One of the

problems is going to be the practical matter of selection of those institutions to

become part of the sea-grant system. Greater difficulties will be involved in

selecting regional centers of excellence from among the sea- grant colleges. It

is obvious that all interested institutions cannot become sea-grant colleges or
universities. It is also obvious that still fewer can become the regional centers
of excellence envisioned by the program. Selection can be simplified and made
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more realistic and equitable by establishing certain operational rules. Sugges-
tions are:

1. Institutions that have shown no interest in marine science or in the sea-
grant program to date should be eliminated.

2. Implementing legislation should be framed so that competent marine
institutions are selected. It should not be inevitable that existing land-
grant colleges have an edge merely because they are land- grant institu-

tions. Many land-grant colleges have exhibited no interest or have no
special capabilities in marine science. We don't want to set the mechan-
ism so that the land-grant colleges are certain to become the sea-grant
colleges regardless of the interests and capabilities of other public
marine -oriented institutions.

3. The program should be further limited to institutions with ready access
to the sea or the Great Lakes. I realize there are problems and I rea-
lize that I may get stepped on before the meeting is over, but I agree
with Dr. Fye who pointed out that ready access to the marine environ-
ment (or to the Great Lakes, which by-legislation have become marine
environments) is an important asset that any participating institution
should have. From a politically practical point of view, it would appear
as though (now I am way out of my field) support for such a program
with these limiting features would not be hard to secure because most
of the people, and hence political power, in the country are located
either in coastal or Great Lakes states, and support of legislators could
be obtained by swapping. In other words, I doubt that there will be any
serious problems posed by limiting this program to the Great Lakes and
coastal states.

It is obvious that the magnitude of the problems of the sea and problems of

developing techniques for utilization for marine resources are great. What is

needed is more integrated activity between basic and applied science, more
marine engineering and more adequate continuous institutional support. The
proposed source of financing specified by Senator Pell's bill is good. However,
for adequate financing of the program we need money that can be counted on in
significant amounts for a long period of time. Is it possible that support from a
portion of the federal lease taxes on mineral resources, as proposed by Senator
Pell, could be augmented by regular allotment from the duties on fishery product
imports? Inasmuch as both are marine resources there is ample justification
for utilizing these funds for this purpose.

,
Because of the general importance of

marine resources to the nation, support from the regular budget is also justi-
fiable.

To summarize, I wish to reiterate my strong support of the sea-grant col-
lege-university program as presented here and urge that all support it.

Francis H. Horn

Dean Knauss, ladies and gentlemen: I take it that everyone here is fully

committed to a significant increase in attention to the marine sciences so that
the question is how this can best be done. The analogy with the land-grant uni-
versity is a brilliant one, it seems to me, and Dr. Spilhaus will, I hope, go down
in history as one of the great benefactors of mankind for having fathered the
idea, along with Senator Pell, as another, for having the judgment and the per-
spicacity to translate the vision of Dr. Spilhaus into political reality. But the
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analogy has one major conaplication. This was raised on the floor of the meet-
ing this morning and it has been dealt with already on the panel. That is, like

the land- grant system, is there to be a sea- grant university in every one of the

fifty states?

Senator Pell suggested, by implication, at least, that were there enough
money available to accomplish it, there might well be a sea- grant university
in each state. I'm inclined to think that this would not be desirable even if sub-
stantially greater funds were to be made available, as we all hope they will be.

Conditions are different from what they were one hundred years ago when the

Morrill Act was passed. I suspect that if we were establishing the land-grant
system today, based primarily upon agriculture, the University of Rhode Island
might appropriately be excluded. We haven't enough old- line agriculture left

in the state to justify a College of Agriculture in the traditional sense. This is

one of the reasons why our College of Agriculture, and I'm proud of its quality
and its v^'sion, is working so closely with our Graduate School of Oceanography,
and also developing significant programs in the suburban and urban areas of the

state, thus putting their expert knowledge and know-how to work for the benefit
of all the people of Rhode Island and not just those in rural areas. In terms of

the traditional role of colleges of agriculture, I think about one good one is all

that the six New England states need.

Now, in place of the old attitude toward what is and what is not necessary
in modern universities, we have increasingly worked toward inter- institutional

and regional cooperation. Dean Castle has spoken a bit about this, and so has
Dr. Hargis. In New England, we have the New England Board of Higher Educa-
tion, with the Southern Regional Education Board and the Western Interstate

Commission on Higher Education, as our predecessors. Let me take just one
minute to tell you about a new venture in regional cooperation that we are en-
gaged in. The University of New Hampshire has received a significant grant of

over a million and a half dollars from the Kellogg Foundation to establish a
regional program at a Regional Center in Continuing Education in cooperation
with the other five state universities in New England and with the eventual expec-
tation that private universities in the area which wish to participate will do so.

And each of us has committed ourselves to spend a certain amount of money
each year to support the program. Each of us will eventually have a building on
the Center campus, if you will. We will have staff members there. In turn,

people will be working out their projects on our campuses. Each of us has se-
lected one particular area in which we will concentrate. This is the first time
that I know of for regional cooperation of this nature, where six institutions

agreed that in going after a major foundation grant, they would work together on
behalf of one of their sister institutions, which they conceded had a first claim
on it. So new things are taking place in terms of regional cooperation.

No one university can any longer aspire to do everything. The smaller
ones especially must focus their attention on those areas of man's knowledge and
activity for which they have special resources, background and tradition, oppor-
tunities, etc. This is why when I came to the University of Rhode Island I be-
came convinced we should put special effort and support into the marine sciences.
But I would consider it a mistake, let me suggest, if the federal government were
to contemplate establishing or increasing support for colleges of forestry, to

locate one in Rhode Island, even though we have quite a bit of woodland.

Consequently, I would have to argue that in establishing sea-grant univer-
sities we should not attempt to put one in every state. I doubt, for example, that

it would make sense to establish a sea-grant university in South Dakota or New
Mexico. I believe, therefore, that a few centers of excellence would be prefer-
able, as Dr. Hargis has indicated. These should, I think, be near the sea or the

Great Lakes, where substantial areas of shore property could be assigned to

them. However, I would not exclude land-locked universities from participating

62



SEA GRANT COLLEGES 89

in research in the marine science. Grants should be made to them as funds for

expansion of the program become available.

My second comment concerns the proposal in Senator Pell's legislation

that the money come largely in grants for specific projects and proposals. The
great strength of the land- grant movement was financial support of a generally
unrestricted nature. Just as Dean Castle has quoted from one of my fellow land-

grant presidents, Eric Walker, let me quote from another one, Paul Miller,

president of the University of West Virginia, from a speech he made just a month
or so ago before the Governors' Conference in Minneapolis, in which he spoke of

"the drift in recent years to the agent- client method of providing financial sup-
port- -a method which exchanges public resources for the performance of speci-
fied services. The technique has vastly improved the research experience in the

American university and enlarged enormously the intellectual versatility of the

country. The national welfare is much the better for it. All in all it is a move-
ment which is gratefully acknowledged by academic men. However, its growth
and current extensiveness forewarns us about its chief defect: asking for the

return of services almost equal to what it gave initially in resources. Some
unrewarding consequences are now identifiable, including the splintering of total

effort in ways not always attuned to the aims of the university as a whole, the

engendering of a national system of faculty rewards which blunts the historic
idea of a community of scholars and the gradual hardening of research practice
in a manner that is not always at home with spirited teaching."

So he recommended to the governors, in connection with their support, as
well as to the federal government, "rather than the agent- client technique of

developing specialized project agreements with individual staff members, a

partnership in law [which] has existed between the U. S. Department of Agricul-
ture and the universities." This arrangement, he stated, "has stressed broad
institutional objectives for both of them in agricultural and rural life. The re-
sults produced by this partnership show as well as any other example how know-
ledge may be generated and then shared with the common culture when govern-
ment and universities cooperatively perform their distinctive duties. Impor-
tantly, the institutional grant technique employed in the agricultural experience
contrasted with direct exchanges of resources for services rendered, lasting
pools of strength in the universities. Such is the hope of academic men for the
future." And I would say that this is our hope, my hope, in terms of the sea-
grant university concept.

One more comment. We at the University of Rhode Island were very grati-
fied at the commendation of our program in the marine sciences by the speakers
this morning. Mr. Chapman, in particular, stressed the developing interest of

many departments in these areas. Both he and Dr. Spilhaus have also spoken of

the necessity of activities comparable to those of the 4-H program, of county
and demonstration agents, and so forth, that characterize the work of our co-
operative extension services. But on any land-grant university campus, as you
all know, there is often considerable opposition to such work by the faculty,
especially those in the traditional academic fields. Even the aggie faculty is

sometinnes regarded by their colleagues rather condescendingly. If the sea-
grant universities are established, they will be truly effective only if they are
willing to get their hands, or rather their feet, dirty, so to speak, and to operate
on the applied level characteristic of our agricultural program. This may well
be a serious problem in implementing this concept.

My final comment concerns money. Ten million dollars won't begin to do
the job, although I concur in Senator Pell's political astuteness in trying to be
practical. After all, the total appropriation for the new Arts and Humanities
Foundation, under Senator Pell's recent legislation, is expected to be only
$10,000,000 for the first year. But that's a new program and a new area of
federal support. The Navy alone must be spending in the neighborhood of
$10,000,000 annually in support of oceanographic research and activity in the
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universities. And well they might when a new aircraft carrier costs over
$400,000,000 and a new polaris submarine over $100,000,000. As soon as pos-
sible, therefore, the per cent proposed by whatever legislation goes in, must be
increased beyond Senator Pell's ten per cent. The total federal support of the
marine sciences must be expanded substantially. Regardless of whether or not
the sea-grant university becomes a reality, the federal government will cer-
tainly do this. But the money will, I believe, bring greater over-allbenefits to
this nation and to society in general if it is expended through the proposed sea-
grant university with a deep and a sustained commitment to oceanography.

Athelstan F. Spilhaus

Well, I don't think you need to hear much more from me. I stated my case
in my leadoff talk this morning. I think all I can do now is concur with a few re-
marks that others have made since. Dean Castle said, much better than I could,
"let's emulate the land- grant college system but let's not repeat the mistakes
we made on land." This is a good generalization. One thing that came out of

the discussion is that the federal government and many of us are worried about
the organization of oceanography in the government. And I feel that the very
necessity of the government paying attention to what Dr. Horn emphasized, the
sustained support by institutional grants of these committed sea-grant colleges,
will force a better organization in government. I was visited recently by repre-
sentatives of the committee on appropriations. And while these were excellent
and intelligent men, I think that their questions were highly directed. It seemed
to me that they wanted me to criticize the past organization of oceanography in

government. I do not admit that the Interagency Committee on Oceanography
was a failure. In Robert, the ICO had a secretary that was Abel! I think ICO and
all the things that are being tried in government organizations are sincere and
good efforts and are steps toward better organization in the future. I was visited
here by a friend who asked me if I would help him write a paper on the misman-
agement of oceanography in the government. I couldn't possibly do this. This
would be foreign to my nature. I will say there are things we can improve, but
I would state them up positively. How can we improve our management of oce-
anography? Not by knocking those who are attempting to do it as best we collec-
tively know how, but by searching with them for better ways. I despair of nega-
tiveness. Let's stick our necks out in the great new social adventure that we
are proposing in the sea-grant universities and colleges, and by doing imagina-
tive things a better organization will evolve.

I'm a little bit disturbed that we're worried about the smallness of the sum
of money we see as immediately available. I agree with Senator Pell we've got

to start small and let the idea grow. Let's not look at the pork barrel before we
even get the idea off the ground. I don't think it is important who gets the first

little grants that we can afford, and I don't think we should allow it to destroy
the birth of the idea and its infancy.

If the idea is good at all, it's good enough for everybody, and as to those
states that do not border on the sea or the Great Lakes, they have an equally
important water problem- -a problem which, incidentally, is funded far better
than the proposed funding of the sea-grant colleges--that is the problem of the

reuse of our fresh water, of the proper management of our fresh water. If they
take this as their job in the water business, we can join with them and give real
meaning to the term "fresh-water colleges.'" There is no reason why, let us
say, a land-locked state like Oklahoma which has its natural inclination toward
oil should not participate in certain aspects of the sea-grant concept. It might,
for example, focus its attention on the special problems of getting oil from the
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sea, extend the state's own existing interest into the sea. I agree completely
with President Horn that we must not go into this new concept with funds re-

stricted to a project basis. We must have unrestricted institutional funds so

that people can wander around, have an idea and follow it wherever it takes them
and not put blinders on them. The best things I've ever gotten out of libraries

is when I've gone in knowing exactly what I wanted to look for, but then found on

the stacks that the book next door was much more interesting and led me off on

a tangent which resulted in a far more fruitful investigation than the one I started

on. A certainamount of thiskindof randomness is the essential to creativity.

FOLLOWING THESE OPENING STATEMENTS, THERE WAS GEN-
ERAL DISCUSSION. INCLUDING QUESTIONS FROM THE FLOOR.
WHAT FOLLOWS IS A SUMMARY OF THIS DISCUSSION AND THE
CLOSING STATEMENTS OF THE PANEL MEMBERS.

FYE

John, I too have been surprised at the amount of agreement in this large

group of oceanographers. But I would like to comment on the problem of how
you start, and how you select the colleges, and how many sea-grant colleges

you have. I'm not sure about this, but I don't think that this should be restricted

to a very small number. Admittedly, starting any new program with limited

funds necessarily means that you must start small and with a very few parti-

cipants. But it seems to me that we're not very far from the time when we need
to have a form of marine science and ocean engineering in every decent univer-

sity. All universities are now teaching something about one form of engineering

or mathematics or physics. I think the oceans are such a vital part of human
endeavor that their study must be a part of many universities. Maybe the>

don't all need it, but the concept that all universities should have the availability

of intellectual pursuit in this area is a sound one.

HORN

May I start an argument? As a university president, this is the sort of

point of view that gives the university president nightmares. This is what he

hears all the time. "We can't be a great university unless we have a Ph.D.
program in every one of the disciplines, across the board." The fact of the

matter is, gentlemen, this concept has got to go out the window for any except
universities like California, Minnesota, Michigan, Wisconsin, the really large,

extremely well supported institutions. The smaller university simply cannot

look forward to this sort of a proposal, and it seems to me that one of the major
areas where this goal can be accomplished most easily in terms of preparing
for a specialized approach to it, is in oceanography, because, as has been pointed

out here, it's a graduate discipline. It's based upon the fundamental sciences
and mathematics. This can be done in every university, but one can't afford to

establish a graduate program leading to a Ph.D. in every single one of these

fifty state institutions plus another twenty -five of the major private ones. Now,
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I'm perfectly willing to concede that maybe at Woods Hole there is an opportunity

to create out of an existing educational institution that is not a university a unique
sea- grant university, taking only the students who come to them prepared in

these other sciences. But I'd also have to point out that it seems to me that it is

very difficult if not impossible to develop a serious program leading to the Ph.D.
degree in oceanography without some supporting sciences at the graduate level

on the same campus.

I've been told that we at URI can't run a decent program in oceanography
without a Ph.D. in mathematics, and I think that this is probably correct, at least

I've given in to the idea. But I come back to the point which supports Dr. Spil-

haus very strongly, concerning any institution that has special competence in a

field allied to oceanography. It would be foolish for the University of Rhode
Island, for example, to try to develop a program in petroleum simply because it

has implication for oceanography. Let's go to the best petroleum place, to Texas
or Oklahoma, wherever it may be, and see what it can contribute to the sea-grant
program. We should not, moreover, deny to a marine biologist or an ichthyolo-

gist on a campus that is not a sea- grant university opportunity for a grant if he

wishes to work on a project involving the open ocean. AH I'm saying is, we can-

not afford anymore to look upon this new concept the way we looked upon the

land-grant movement a hundred years ago, that is, to develop a full fledged grad-
uate program, highly developed, and devoted to research, bringing in post doc-
toral fellows, etc., in every one of the fifty land-grant institutions in every one
of the fifty states, plus maybe another twenty- five selected private universities.

HARGIS

In some scientific areas a long time is required from the conception of the

project or a program to the eventual yielding of economically measurable re-

sults, in others, it is not so great. In marine science, time required is usually

fairly short. Scientific results in marine science often quickly find military or

civilian application. I think that in general, while there would be exceptions, five

years is a minimum time to realize significant economic return from research.

Of course, all institutions already have programs in existence which can be im-
proved immediately if additional funds are available. It is also certain that more
emphasis can quickly be placed on development and training in ocean engineering,

an area which is now lacking; therefore, engineering progress can be realized

quickly if adequate funds are available. Administrative resources and facilities

are already present to improve existing programs and initiate new engineering

projects in most marine institutions, so the return will be relatively rapid.

HORN

I criticized the project-grant business in setting this up. Nevertheless, I

did say institutions not designated as sea-grant institutions ought to have project

money. I would suggest simply as a practical proposal in this connection, that

if this concept goes through, whatever agency, NSF or an Inter- oceanographic
Committee, or anyone else who's running the program in Washington, should

assign on a continuing non-restrictive basis 50% of whatever money is available

to those institutions that are designated sea-grant institutions. Suppose that

there are ten or a dozen of them, and let me say parenthetically, that whatever
ten or twelve or fifteen are designated in the beginning does not mean that they

will necessarily continue to be the sea- grant universities. I don't think I agree
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with the speaker this morning that we must only support those universities
which are now in the business. There may be some very good universities that

have unique opportunities in this field that are not now in oceanography, but

ought to be. I don't know what North Carolina's doing, for example, but it ought
to be in the business in a big way, I should think. So, take half of the money and
assign it to the institutions designated as sea- grant universities, and take half

of it for projects available to all universities. Actually, under the land-grant
system, there are certain funds in agriculture that are allocated on a project
basis, although most of the money is handled regionally. This way would make
it possible to continue the individual research of people interested in the marine
sciences, no matter where they work, even in a small college. At the same time
the program would start out with a modest but very helpful half million dollars
a year, perhaps, to ten institutions, and this money would really make the differ-

ence between a real center of excellence in oceanography and a mediocre one.

CASTLE

I would like to make just one point relative to the earlier question that was
raised about pay-off. This is one reason why I feel it's exceedingly important
if you go ahead with the idea of the sea-grant university to incorporate adult
education or extension into the program. The period of the pay-off will be much
shorter, the closer you get to the industry which you are trying to help. In most
of the industries I'm familiar with, there is usually considerable basic knowledge
that is not being applied. Now then, if this is true, as someone said about the

fisheries industry this morning, there may be information here that can be ap-
plied immediately. It may very well be that it won't take five years to get some
pay-off in certain areas.

FYE

I'd like to return just a moment to what I thought was an enlightened con-
cept suggested by Wilbert Chapman earlier this morning. The more I think of

it, the more I think that he was absolutely correct when he said that sea-going
people are different from land people. It is important in our thinking about sea-
grant colleges that we plan from the beginning to have a successful conquest of

the oceans, to attract to the problems related to the ocean a large number of

very intelligent people, and to insure that these sea people are well trained. I

don't think that we have done this adequately or very successfully in the past.

I think we can do a great deal better, and perhaps that's the answer as to why we
really and truly need to implement the sea-grant college idea.

HARGIS

I would say that we have discussed difficulties, perhaps prematurely-

-

although this is what this forum was called for, of implementing the program.
Several of us, and I'm just as guilty as others, have interjected our own selfish
ambitions, and ambitions for our own programs, into the dicussion; but I wish
to say that in the sea-grant concept we have a good vehicle to attract public,
legislative, and executive support. The cause is good. Practical results with
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economic, military and social pay-off will certainly result, probably much
faster than we expect, and so I would suggest that we all get together and push
the notion, try to promote the program. It will be worthwhile for the nation and
marine science.

HORN

Might I say just one thing. I think Dr. Spilhaus' address this morning was
one of the most exciting addresses I have ever heard in my life. In terms of

holding up to us the projections for the future of what is possible, I think it

probably is a lot better that we talk, not about oceanography, but about ocean
engineering, as he did this morning. In this broader concept, in spite of the fact

that some of these things sound so fantastic, I'm positive that time is going to

prove Dr. Spilhaus correct. Anything we can do to provide individuals with the
sort of a creative imagination Dr. Spilhaus has displayed, individuals who want
to see if what he has put before us can actually materialize, deserves our widest
support. And I hope, therefore, that we can get these people, turn them loose,
and see what they'll come up with, see whether or not this massive projection
Dr. Spilhaus has made will not in 10, 15, 20, or 25 years actually come to pass.
The world will be a much better place if it does.

SPILHAUS

Thank you. If we cease to dream, we'll wither and die as human beings,
and in all this discussion of money and who gets it, I can just say I'm glad that

this idea of mine is greater than the money we have to implement it. Otherwise,
I would feel intellectually bankrupt.
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SEA-GRANT UNIVERSITIES: PROBLEMS OF IMPLEMENTATION

(A Panel Discussion)

Robert B. Abel, MEA, George Washington University, 1961. Since
1961, he has been the Executive Secretary, Interagency Committee
on Oceanography, and the Assistant Research Coordinator, Office of

Naval Research. For five years he was chief scientist aboard two
ships of the U. S. Naval Oceanographic Office.

It has been a good five years that our program (ICO) has been in existence.
There have been some very significant research accomplishments in all aspects
of oceanography, in marine biology, marine meteorology and in the air/sea in-

teraction, submarine geology, geochemistry, the elucidation of current circula-
tion. There's been some very exciting research accomplished. Incidentally, it

is hoped that we will be able to document the results of these research projects,
and issue them in some kind of compiled report form by early next year to pro-
vide a compendium of what has been going on recently in oceanography. Probably
equally important, there has been a rather sizeable investment in building up
our potential ability to take advantage of new research accomplishments as they
occur. This investment is exemplified in ships, laboratories, and (certainly, at

least as important as the rest), in student populations in the various universities
in the country. So I repeat, it has been a rather good five years, good enough to

whet our appetites for considerably more progress in the next five.

One thing that struck me about the proceedings yesterday was the concerted
drive to carve up Senator Pell's poor little chicken before it has even emerged
from the shell.

I would hope that instead we can concentrate on what it is we're trying to

do, what is in this for the people of the United States, how we're going to attain

our goals. Hopefully, stemming from this conference, there can emerge some
rather substantive ideas. Ideas should be generated within the states, them-
selves. First of all, we need ideas to strengthen the quality of Senator Pell's
bill. After all he did leave us with this request yesterday, that support is needed
and needed from many sectors of the scientific spectrum. Secondly, we might
consider for awhile what must be at least one of the principal objects of our at-

tention and that is the student, the ocean engineering student. Consider if you
will what we plan to do to this student. We're going to immerse him in engi-
neering. We will flavor this immersion with some law, and with some home
economics; we will push him part way through a sanitation laboratory, and all

the time we are doing this, we are also implementing what someone asked for
yesterday --that the sea-grant college be a sea-going college. So we're going to
send this student out. He's going to spend considerable time at sea if he's a
worthwhile student, and this will, of course, prolong his stay at school, four,
five, six, perhaps seven years. This is the history of oceanography, as you well
know. Now, what's he doing all that time? He's certainly prevented from hold-
ing down a conventional job ashore. In his shore hours, he cannot normally be
an assistant because as you know, there are almost no undergraduate depart-
ments in oceanography where he can help students, and so he must have unique
sources of income available to him. Now, all this time that he has prolonged his
education, he has been raising a family, and this simply adds to his financial
discomfort. That is why, you see, this concept of sea- grant support is particu-
larly precious to me, I believe there is going to be a lot of work in it from the
point of view of the student.

Finally, there is an international kick to all this. Someone yesterday men-
tioned the possibility of training foreign students. Possibly some of you are
better acquainted with facilities in other countries. I don't know myself of any
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foreign programs comparable to that which we have been discussing yesterday
and today. But, for instance, at the international desalination symposium last
week, Frank DeLuzio, Director of the Office of Saline Water, made the statement
that he would like to see literally hundreds of foreign students trained in the
arts and techniques of desalination in this country. These are the kind of paral-
lel activities which might conceivably be incorporated into sea-grant universi-
ties. So I'd like to leave you with just these thoughts and hope that over the
weeks ahead, some ideas will emerge, which we can then tie into Dr. Carlson's
specification that the result of all this --the application of funds and support- -be
tied to meritorious proposals.

John W. Ashton, Ph.D., University of Chicago, 1928. He is Director,
Division of Graduate Programs, U. S, Office of Education, on leave
from Indiana University, where he was Vice President and Dean,
Graduate School, from 1958 to 1965. He is the past Chairman, Coun-
cil of Graduate Schools in the United States.

I must confess to a little feeling of being like the character that used to
appear in, I think it was Abner Dean's cartoons 15 or 20 years ago, of a naked
man apparently coming awake in an unusual situation and saying to himself;
"What am I doing here?" Because I'm neither an oceanographer or even a sci-
entist I assume that my function is to speak to the practical aspects of a develop-
ment of marine sciences and related fields in the graduate schools, particularly
in the universities.

I begin by reminding you that there's a real difference between the situation
when the land- grant colleges were founded a little over 100 years ago and the
situation now, in that the land-grant colleges were founded partly because the
agricultural and mechanic arts, to use the old phrase, were not really respect-
able subjects and one of the reasons for the spearated state universities in some
states is that the then established state universities were not willing to accept
these areas as past of their program. Now this is no longer the case, though,
of course, there is still a measure of snobbery among various departments in

the universities as to the appropriateness of programs in some of the other de-
partments. Certainly the areas that we are concerned with here are now ones
of substantial respectability throughout the universities in the country. We speak
of marine science, i.e., science in its broadest, in its etymological concept;
knowledge, in this case, about the oceans, indeed, about all large bodies of water.
I emphasize that the programs that we have been talking about, the interest and
the needs that have been discussed in this conference thus far have to be con-
sidered in an overall context, much wider than simply engineering or industrial
problems in connection with the oceans.

We have to recognize that the breadth and scope of materials that are in-
volved, as Professor Schaefer pointed out just a little while ago, call for a very
high degree of a cooperative effort. Not only cooperation between departments
of universities (which is not always the easiest thing to attain to), the bringing
together of the resources of the various sciences and social sciences to make a
program of consistent strength in the areas which the university has chosen as
its particular fields of specialization. If the challenges already suggested in

this conference are to be met adequately, we need also extensive cooperation
among universities. If we think solely in terms of the resources of any one
university, no matter how large and how complex (not to say complicated), its

structure may be, we will inevitably, I think, limit our effectiveness in the long
range development of studies of marine life and its relationship to all the as-
pects of human life in these days.
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That such inter -institutional cooperation is not impossible has been wit-

nessed in recent years by a good many cooperative programs. Perhaps one of

the most striking examples is that developed by the Committee on Institutional

Cooperation of the so called Big Ten Universities and the University of Chicago.
In these midwestern universities cooperative programs in water resources utili-

zation and control, in bioclimatology, in the study of Asiatic languages, and a
good many others have been worked out by using the most appropriate resources
of each of the universities that is involved in the compact. Only by some such
means can we avoid unnecessary duplication of effort, unwise competition among
programs, and the spreading thin of scarce resources of money and manpower.
Only thus can we make best use of each institution's specialities and provide for

a concentration of learning in important fields to avoid that vast spread which
Mr. Abel so rightly fears. I would second most heartily and most vigorously
Professor Schaefer's comments on the need for conceiving of this area, as not

only that of certain highly specialized sciences, but rather as covering a broad
range of fields: the biological sciences, engineering, chemistry, and certainly

economics, law, and business; indeed, even recreation, which I think has not

been mentioned but which is, at least in its economic aspects, an important
element in the utilization of water resources. In addition, of course, there are
all of the medical sciences.

So what about the needs as far as the universities are concerned? I assume
that funds will be needed for facilities, for operation, and for research and
student support. There are no new sources. Sea-grant universities will need to

depend on state and federal funds in whatever proportion is appropriate --or
manageable, on private beneficence, and on support by industry which has a
stake in this enterprise. I mention two of the programs of the federal govern-
ment with which I am involved as examples. To help provide adequate facilities

for the development of these programs, in the Division of Graduate Programs of

the Office of Education, we already have provision for making one third match-
ing grants for facilities for research and teaching of the kind that is involved
here. Indeed, the University of Rhode Island has recently received some assist-
ance toward just such a facility.

The need for research assistance can be of various sorts. This is where
people are particularly involved of course, and as Professor Schaefer has pointed
out, various kinds are needed. One of the most significant for our purposes in

the universities is the special technicians who will be responsible for the less
professional aspects of the research and even of the teaching. The training of

such people involves new problems for higher education. Our emphasis, however,
will continue to be on those who will be carrying on the traditions and developing
resources of new knowledge, the kind of students who are supported by fellow-
ships from a variety of sources. There are already some of those sources in

existence in the federal government; the National Science Foundation with both
its research grants and traineeships; the National Defense Education Act, Title

IV, with its fellowships, and others, as well as funds that are provided also from
special research grants or the like from industry and government, alike.

These are the real needs, because the universities must provide, as I see
it, in this, as in every other field of significance, for the present and on going
research and also for the continuation of the searching out of new knowledge and
for the training of new people in the field. This can be accomplished only by
providing for excellent graduate programs which will produce the kind of people
who will be needed as leaders in these areas of research.
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Howard H. Eckles, S.B., University of California, 1942. He was ap-
pointed in 1962 as Assistant to the Science Advisor, U. S. Department
of the Interior. A career employee, he joined the Department in 1948
as a research biologist and has served since then in progressively
higher positions. Since 1958, he has been chief of the branch of mar-
ine fisheries in the Bureau of Commercial Fisheries.

Thank you. Dr. Schaefer. In thinking over our proceedings, thus far, I have
had an opportunity to jot down various steps and subjects which I think will be
important for implementation of this new idea of sea-grant colleges. Yesterday,
Dr. Carlson pointed out that there was not yet adopted by the government as a
whole, either on the executive or the legislative side, an agreed upon policy on
what our country wants to do about use of the oceans and its total oceanographic
efforts. I would point out that this is something that needs to be done for the
welfare of the oceanographic effort as a whole, as well as for implementation of
this concept of sea-grant colleges. Dr. Schaefer stated this same point in a
slightly different way just a moment ago. We must have a clear understanding
as to what we want to do in the whole program.

I have opportunity for rather frequent contact and conversations with mem-
bers of the Federal Council for Science and Technology or with officials else-
where in the government. I know that their outlook toward the oceanographic
program does not hold the concept that Dr. Spilhaus gave to us yesterday. On the
average there is not a feeling of great urgency about the rate we should go ahead
to develop the oceans from a resource and use point of view. In some circles
oceanography is regarded as a research opportunity that will show promising
things to do. Later on we can develop that information which research has shown
to be promising. There is a feeling that the present level of effort, which is
about 160 to 170 million dollars a year, is adequate for this purpose.

I would like to make a specific recommendation for consideration by this
conference. This is that we ask Dr. Spilhaus, if the arrangements can be made,
to give his talk or a related one to the President and his Cabinet, perhaps going
via the Federal Council as a stepping stone to this. Secondly, suggest that he
give this talk to the appropriate Appropriations Committees within the Congress.
I emphasize the Appropriations Committees because leaders in Congress on the
legislative committees have stressed the importance of oceanography. But op-
portunities in oceanography may not be known to those controlling the funds in
Congress. I think we should take every step to get this concept across. Our
effort is to do things with the ocean, to develop it for our use and go beyond the
research effort, which it is at the moment. Thus, clarification of national policy
is my first point.

On my second point, I think we need to agree upon a responsible agent with-
in the executive department to carry out the program. Senator Pell's bill men-
tions the National Science Foundation. I do not sense from Dr. Carlson's paper
that the National Science Foundation is very enthusiastic about this idea. He
stated the National Science Foundation is neutral ground. I state we can't make
progress with neutral ground. We must have someone who is enthusiastic, who
wants to take the responsibility and who will work closely with all agencies and
with the Congress, to bring the program about. I do not think it necessary to
point out which agencies might do this, but there are several that are interested.
I happen to be in one of them.

I cite as an example, the passing of the Water Resources Research Act of
1964. It resulted from a bill introduced by Senator Anderson of New Mexico. It

resulted from a very wide base of support from the academic community. There
was a clear responsible agent with an idea to be carried out and a clear demon-
stration that the nation had to do something about producing more information on
the water resources of the country. If we obtain the same parallelism in ocean-
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ography with sea-grant colleges, then I think the program will go ahead. My
second point is, let's get a horse to ride that will carry this program through.

My third point is that I think I can provide additional information on the

funds situation. The income from leases primarily for oil, gas and sulphur ex-
tractions, on the outer continental shelf, over the last ten years, brought in about
1.7 billion dollars. This is a little more than was mentioned a number of times
yesterday. Ten per cent of this could mean on an average about 17 million dol-

lars a year. Also, no one has mentioned the possibility of developing a program
that would involve matching funds. There is considerable precedence for this.

On a twenty-five per cent local contribution basis we are then talking about a

program something in excess of twenty million a year. This is a substantial
proportion of the present oceanographic effort.

We might consider also, something higher than a ten per cent portion of

funds from leases. The Saltonstall- Kennedy program, administered by the

Bureau of Commercial Fisheries of the Interior Department, receives thirty

per cent of the import taxes on imported fishery products. It produces an in-

come for research and development purposes of about five million dollars per
year. So there is a precedent for a higher percentage of funds which are of

the nature being considered. There are also Dingle -Johns on and Pitman-Ro-
bertson funds used for fish and wildlife research, development and management
which are based on a tax from the sale of fishing tackle and hunting equipment.
This brings a program of about twelve to fifteen million dollars a year to the

Department of the Interior, Bureau of Sport Fisheries and Wildlife. The funds
are administered through state fish and game agencies. I understand that through
legislation a tax was instituted for this purpose. The public and the industry
involved pays for research and development. The same thing could be done as a
source of funds for the sea-grant colleges.

I would like to make a next point that we consider a broad base of partici-
pation by institutions as sea- grant colleges. I think it would be a mistake to

restrict participation only to those institutions that have a water front or a sea
coast location. Ocean resource development includes a high interest in petro-
leum and in marine mining. The competence that has been developed at the
University of Wyoming or the University of Colorado, on how to break rocks,
could well be applied to marine mining problems. I suggest, therefore, that
there be a set of criteria developed that an institution would have to follow to
qualify as a sea- grant college. If an institution meets the criteria, then it could
participate. There would have to be travel to the ocean from inland locations
but we do this every day,

I suggest also that we keep our eye on how industry might participate more
fully than their members are at the moment. To illustrate this, I state there are
now social and legalbarriers to attracting industries to work on ocean resources.
The present practice on the outer continental shelf is for industry, particularly
now the petroleum industry, to doits own exploration. This is mostly by seismic
shooting. Once an area is outlined as promising for oil production, the Interior
Department is asked to hold a lease sale which is done by bid. Companies will
bid on the areas that they want to lease. The sale goes to the highest bidder. It

is expensive to do the exploration but not so expensive that oil companies will
not do it. If we transfer this same system to ocean mining or possibly to off-

shore ocean farming for fish, an industry could spend thousands or millions of

dollars to define a resource. It could lose the sale to a higher bidder by a few
dollars. On this basis industry may not proceed with resource development. We
need to develop new kinds of social practices which will allow some kind of pro-
prietory right to industry so that it will spend high risk dollars for developments
in the ocean,

I close by rephrasing in a slightly different way what has already been said
a number of times. And that is that we have as our goal extension of our
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capability for use and operations on land to the environment of the sea. We need
to learn how to go out on the sea in mid- water and along the bottom with the
same facility as we do now to fly an airplane, drive a tractor or use an automo-
bile. We ought to have as an objective development of an engineering capability

that will break the interface between air and the water so that scientists and
technicians can operate in the oceans in a familiar way. We will never bring all

of the ocean's resources into our domain without this new engineering capability.

This I propose as an objective for sea- grant colleges that we might think about.

Thank you.

Claiborne Pell

In my few remarks at this point, I will refer to the word oceanology. I

notice in my bill in a Freudian way, I never mentioned the word oceanography
which is something of a triumph in a bill on this subject. I had this Freudian
difficulty with this word, so I also did a little checking around after yesterday
and found that the word ology is perhaps fajr more applicable for what we're try-
ing to do, which means the study of, instead of graphy, which just means the map-
ping of. It seems to me the mapping of, the charting of, is only one phase of the
work we're doing, so I hope you will bear with me as we rechristen this seicnce
oceanology.

In drawing up my bill, I'd like to put in a plug at this time for one of your
own community, George Beardsley, who is a graduate student and who did a good
deal of the technical research on it. We were in touch with the scientific com-
munity in trying to work out a good bill.

I also would like to make it very clear to the whole group here that in our
concept we definitely visualize the use of these funds and the application of the
sea-grant college concept to colleges not necessarily on the ocean shores, but
on the Great Lakes, as well. There are certainly great advantages to the Great
Lakes area. Because it's a smaller scale model, they can develop and study
some of the phenomena naore economically and efficiently than you could in the
ocean as a whole. So for those of you who are from that part of the country, I

hope you will take an equal interest in this bill. And, because of my belief in the
importance of that area participating in this program some months back, I spe-
cifically mentioned the Great Lakes area in my bill. Also, another point which
came to mind in yesterday's discussion, is that the purpose is not the develop-
ment so much as the application of knowledge. The Lord knows that there are
more areas of ignorance than there are of knowledge in this whole field. But,
more important for us is the translation of this knowledge into practical applica-
tion. As I said yesterday, my job as a politician is the translation of ideas into

events and the job that we have here in this field is the translation of the limited
knowledge that we already have into actual practical application over and beyond
the development of more basic and original knowledge, I would like to comple-
ment the inter-governmental committee which under Mr. Abel's sponsorship,
and sparking, has done as excellent a job as it can with its very tenuous mandate
and without any direct controls. A coordinating committee is what we refer to

in government as a dotted line relationship; and those lines are very dotted, in-

deed. Eventually, there'll have tobeasolid, unbroken line relationship.

I thought Mr. Eckles ideas exceptionally good and exceptionally well taken
and I would like to comment on a couple of his specific points. I'm not frozen
into the idea that the National Science Foundation must administer this Act. It

just seemed the logical agency to do it. If the National Science Foundation is
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lukewarm about it, other agencies in government are not lukewarm and would be
delighted to administer it. Or we might even consider creating a new agency, but

I hate to see that done, if it can be avoided.

The purpose of may bill is to provide a take off point that we can discuss
for general reactions and, I hope, approval. I realize the final bill that may
emerge will be different in many respects from the bill that we have before us
today, but this is the best thinking that with Mr. Beardsley's help and other
people's help, we put together at that time. We don't have a monopoly on know-
ledge. But we in the Congress must do our best to decide who could best admin-
ister this concept. The thought of matching funds is a good idea. There is no
reason why we couldn't put it in the bill in the course of the hearings.

In this connection, I would like to see hearings on my bill which, by happy
coincidence, comes before the committee of which I am a member, in January or

February. We will hope that at that time the best ideas of this conference could
be put forward and might well be adopted. I'm not sold on not having matching
funds. I much prefer it, but I'm not sure that the matching funds would always
be forthcoming.

The question was raised - why not raise the percentage from 10 per cent
to a more generous amount? This again is purely a question of political judg-
ment. It developed out of a luncheon table discussion of six or eight of us, doing
our best thinking as to what seems possible at this time in the Congress and that

we might get passed. Quite honestly, if we get my bill through the Senate, amen-
ded any way this coming session, we would be very lucky, indeed. I would doubt,

too, that we would get it through the whole Congress this coming session. But
I'm confident that eventually a bill of this sort will get through the Congress, It

might take one or two or three Congresses to do it, but with your help, it can
eventually be done. I think if we raised the amount to 20 or 30 or 40 per cent of

the off shore rents and royalties, we would find very real political obstacles to

its passage. If I could be assured that we could get the bill through and make it

a 100 per cent of the rents and royalties, I would be glad to do so. But I would
have to make a political judgment as to what kind of bills will get through.

Finally, the point of this panel today is not just sea -grant universities, but
what I call sea -grant colleges, which I think is perhaps more what I have in mind.
Sea-grant universities would apply just to a few great institutions. But I have in

mind perhaps a more wide cutting up of our poor little chicken, though not as
widely as some of you would like! As sea-grant colleges, there will come many
problems of implementation. How do we implement them? Before we start cut-
ting up our little chicken and implementing this bill, we have to get it into being,
get the Act into being. That means legislation, the translating of this concept
into law. And, quite honestly, I can do just so much as one individual. A great
deal of the rest of the load of doing this will have to come from each one of you
who are here and come from all around the country and who believe in the con-
cept, I would welcome, too, any of your suggestions as to how we could get this

bill through, because even if a bill provides for motherhood, and the flag, we
still have to get a certain amount of national support building up for this on any
bill.

FOLLOWING THESE OPENING STATEMENTS, THERE WAS GEN-
ERAL DISCUSSION. INCLUDING QUESTIONS FROM THE FLOOR.
WHAT FOLLOWS IS A SUMMARY OF THIS DISCUSSION AND THE
CLOSING STATEMENTS OF THE PANEL MEMBERS.
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SCHAEFER

I might say one of the most encouraging things to me at least is the very
great interest Congress is taking in this whole matter of how we utilize the re-
sources of the ocean. Mr. Eckles referred a few moments ago to difficulties of
a unified program from the appropriations standpoint. Very recently the Appro-
priations Committee of the House of Representatives has become sufficiently
interested in this whole problenn of having pieces of the program going to vari-
ous subcommittees of the Appropriations Committee, that they have established
an investigation of this whole matter on their own. They have a group of seven
or eight extremely able investigators that are delving into this whole matter on
a full-time basis. I think this is likely to be an extremely useful review by the
Congress of problems of implementation of the entire national oceanographic
problem..

One point on which I would like to hear some further discussion is this
matter of the bringing knowledge to the users for practical development. The
Senator referred to this in his remarks, and others touched upon it. I think Mr.
Abel and Dr. Ashton were talking very largely about the accumulation of new
knowledge. Mr. Ashton said that one of the differences between 1865 and the
present is that the land-grant colleges were'set up because the kinds of things
they wanted to do weren't respectable in the existing large universities. These
land-grant colleges have now also become respectable. Whereas the original
land- grant colleges worked with the county agents and that sort of thing (and
some of them still do), the general attitude of faculties in most universities, even
those who started land-grant colleges, is that this really isn't an appropriate
function for a university. The university has a part, in educating the people who
perform this function, but the actual county agent function bringing this know-
ledge to the users is not considered "respectable" now. So the question arises,
as I stated earlier, can this be handled within the university system, or do we
have to think of some ancillary mechanism for taking care of it? I think, al-

though our knowledge is fragmentary and imperfect, we do know a great deal
more about these things than many of the users do. For instance, in the area of
fisheries, we know a lot more about catching fish, and the information a fisher-
man can use to catch fish, than the fisherman does. So how do you get this in-
formation into his hands ?

ASHTON

I'm told by some of my engineering friends, Mr. Chairman, that even the
engineering schools now are doing a quite different kind of thing for their bac-
calaureate degrees from what they were doing 35 or 40 years ago. They recog-
nize this as a very real problem, and are beginning to develop what are some-
times called technical institutes or other types of organized programs, not
necessarily of full baccalaureate caliber, which are doing what used to be done
for an engineering degree a generation or two ago. It seems to me that this

offers a perfectly good parallel to the situation here. My hope, indeed my ex-
pectation, is that at least the larger universities and perhaps many of the small
ones, can broaden their scope enough so that they see this need for a kind of

special technical training which is not of the same sort, exactly, as wliat we
thought of as the usual baccalaureate program; and will open their doors, in

effect, to this kind of development, so that it will have the advantages of being
associated with a university or college, even though it may be outside the pat-
terns usually associated with the regular degree programs. I speak with pre-
judice, of course, but I think this is a much better way than the development of

separate and isolated trade schools, technical schools of one sort or another,
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that have no opportunities to draw upon the very extensive resources of a well
established college or university.

ABEL

I would like to suggest one additional approach to this question as to how
we get the education to the practitioner, and that is not to wait until he becomes
a practitioner; get him while he's young. Get the fisherman before he's even
thought of becoming a fisherman. Work a little bit more on the aspect of moti-
vation and to translate Dean Spilhaus' remarks to the lower level, get the idea
that there is an ocean around us to children in the lower grades. There are al-

ready a few programs of this sort from which some of the states and state

schools might well copy. A few high schools have come to us with on-going pro-
grams where they even have boats available. They take the children out, give
them first hand knowledge of what's going on, and how we find out about it.

There are science camps that have proven extremely effective in some areas of

the country. There is, for instance, at the University of Rhode Island, whose
representatives here today are obviously too shy to mention the subject, an out-
standing project being conducted by Dr. Moriarty, to design a curricula to inject
oceanography into the public school systems.

ASHTON

We might add this bit of experience, I suppose, from the National Aeronau-
tics and Space Administration which established in several universities through-
out the country centers for the dissemination to business and industry, the re-
sults of research that has been carried on under NASA. I think that these are
generally working out very effectively. They are organized with differences in

different universities, but they do provide centers in which businesses and indus-
tries in a quite broad area, can participate and can, through various types of

information retrieval systems, share in the basic research that has been carried
on under NASA's auspices, making whatever applications seem to them to be
useful and effective and presumably profitable from that knowledge.

ABEL

Concerning financial assistance to students, as I had described earlier,
you have a real problem of helping the students through school. What may not
be apparent to the taxpayer is that support for students (and for departments, of
course, in which students are enrolled) is furnished by several sectors of the
executive branch of the government. Clearly, the National Science Foundation
and Office of Naval Rsearch have been traditionally involved in this as integral
to their charters. In addition, the Departments of Commerce, Interior and
Health, Education and Welfare, have certainly provided very significant support
to universities, by grants and contracts, etc., and there has certainly been a
most fruitful feedback, as any of these agency representatives can attest.

Another point concerns the matter of pulling industry into the program,
and this is certainly a critical point because until you provide a commercial or
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industrial base for oceanography, you are at least in part talking about a some-
what artificial program. But, of course, there is an industrial base to several
parts of the program such as that provided by the oil industry, etc. The ICO is

quite sensitive to this problem. We have held a number of symposia in the past
to bring industrial representatives together with federal representatives to trade
ideas. Indeed, we had a most profitable session two weeks ago in Washington at

the David Taylor Model Basin.

Finally, the matter of what universities or what schools can qualify has
been treated rather exhaustively. Personally, I wouldn't care if some psychology
professor at South West Cupcake College came in for a grant; if he had a ter-
rific idea and he could demonstrate facilities by which the idea could be proces-
sed efficiently and effectively in pursuance of good science or good engineering,
he deserves support.

ASHTON

The importance of knowledge of and development of the resources of the
oceans has already been made clear in the previous sessions. We should con-
sider here the sxeps necessary to implement a program.

1. The universities are well qualified to meet this need through their varied
resources and the ability to develop interdepartmental and interdivisional pro-
grams that bring to bear on the highly complex problems involved biologists,
economists, engineers, business administrators and others. By the pooling of

their knowledge and skills they can meet effectively many of the present problems
and can chart new directions of development.

2. The research capabilities of the universities can in some instances be
more thoroughly developed by the organization of such cross-discipline programs
with the aid of presently established federal programs, especially National
Science Foundation.

3. Assistance in the building of special class-room and research facilities

can be obtained from Federal Programs, (University of Rhode Island has already
received one grant for a library in this connection).

4. Student support is possible not only through research grants but also,
for well- organized programs, from the NDEA fellowships.

5. There is always the possibility of direct Federal action in the form of

block grants to particular universities for carrying on programs of teaching and
research in this area.

The area needs to be broadened to include the large fresh water lakes
and the rivers. Support should not be confined necessarily to institutions on or
near the coast.

6. If a program is set up, it should be coordinated with related programs
already in existence, particularly the Water Resources Research Act of two
years ago.
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Just one comment. I sense from the discussion some difference from the
concept which Dr. Spilhaus gave to us yesterday. One of the main points that he
made was that we are going to take knowledge produced by research and transfer
this to do useful things with the ocean. This then requires a new kind of outlook,

new kinds of personnel, new kinds of financing, and different ways of working.
It would be a mistake, I think, if this conference didn't clearly recognize the dif-

ference between what Dr. Spilhaus is proposing and what we have been doing as
a national research effort in oceanography. We should not look to sea-grant
colleges as a source of funds to do the same kind of basic project research that

we have been doing over a number of years. You have sources of funding for

this now. There are ways to improve these sources if you think they are not
adequate or they are not appropriate. The main thing is to know that we are
going to do things with the ocean, not as a research effort, but one of application
and of changing the ocean to our benefit.

PELL

I notice on this panel a wish to return to the problem of securing a bill, of

implementation; there I hope you will help me to help you. When the hearings on
the bill come along, if you have ideas for refinement - improvement, or wish to

appear as witnesses, please let me know. That will help our work.

I think our sea-grant college conference here today accepts ideas more
quickly and more easily than will be the case in Congress when we seek to pass
our bill. I niay be wrong in that, and the hearings in Washington will show us
the wrinkles, I am thinking of asking for a couple of days of hearings and then
letting it settle for a while. Then, a few weeks later have another few days of

hearings. Anybody who wants to, comes along and expresses his ideas. Out of

this process you usually get a much better bill than that with which you start.

If you have a too ambitious bill in the beginning, it may be a long time before
you get it through. This bill is realistic in concept and I believe that we really
might get it through in the future.

The most important thing is when you return to your own community, if

you could give a thoughtful expression of opinion by word of mouth or by letter
to your own senators and representatives, it could have more effect than any
other single thing in translating all our words here the last two days in a very
intelligent way into implementation. Without this being done, there will be abso-
lutely no implementation. So, I really need your help to get tnis sea- grant col-
lege concept enacted into law.
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SUPPLEMENTARY STATEMENTS

JAMES D. BARTON, Associate Dean for General Education, Southampton College
of Long Island University

It is, disappointing tosee that 88%of the delegates at this conference repre-
sent graduate schools of oceanography and/ or industry. It is the former that
have the most significance since, by comparison, the land- grant colleges were
designed to provide basic education in the agricultural and mechanical arts for
the individual who are residents and husband the land, basically an undergrad-
uate education. If the sea- grant college concept is to be fulfilled we must have
the support of the scientists and the educators in the coastal undergraduate in-

stitutions. The Interagency Committee's listing of marine science programs
gives only 22 undergraduate programs in the entire United States. These include
everything from the long established schools of marine architecture to such new
programs as the undergraduate major in the marine sciences of Southanapton
College of Long Island University. The latter has had, from its founding in

1963, a keystone of an undergraduate marine science program.

The development of the character, attitudes and nonscience education of

students was not mentioned, except by an industrial representative, W. M. Chap-
man of the Van Camp Sea Food Company, as an indication of the practicality of
a basic program for the future sea oriented individual.

VICTOR BASIUK, Associate Professor of Political Science, Case Institute of

Technology, and Research Associate, Institute of War and Peace Studies, Colum-
bia University

There are two aspects of our discussion which I find of some concern.
First, is the preoccupation with what oceanography and marine technologies can
do for the United States to the virtual exclusion of considering America's posi-
tion in an international context. Second, is the preoccupation with the subject
matter from the point of view of technologies themselves, i.e., technological
capabilities, present or future, without adequate consideration of social needs.

We are considering the concept of a sea- grant university, and, for a fully
justifiable reason, the idea has evoked a great deal of enthusiasm. It is, however,
important to emphasize that the concept of a sea- grant university did not dis-
cover the oceans- -the oceans have been with us for many, many centuries. Two
things are new about the oceans and our present highly increased interest in

them: the emergence of new technologies, which enables us to exploit the huge
resource potential of the oceans on an increasingly large scale; and the social
needs for raw materials and foodstuffs, with their increasing depletion on land,
which makes us look towards the oceans to solve our problems.

These days, oceanography and marine technologies can do miracles for us,
but unless their fruits are socially and economically justifiable, the exploitation
of the potential of the oceans (and by implication, the concept of a sea-grant uni-
versity) will die stillborn. Social needs and marine technologies have to be con-
sidered simultaneously. If the existing social needs can be met more advan-
tageously by means other than marine technologies, then there will be little jus-
tification to view the oceans as a new frontier.

There is a very serious need for foodstuffs and raw materials in the world
at large, but it is perhaps ironic that while the United States is the most capable
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of developing marine technologies to extract these natural resources from the

oceans, we need them least. There is room for improvement in our fisheries

industry, but in general, we have a surplus of food. Extraction of minerals from
the oceans will also find a fairly stubborn competition from alternative sources
of supply available to us. Therefore, although in the long run marine technolo-
gies will be essential, perhaps vital, to meet our needs as a nation, in the short
run the picture is much more blurred. If we relay on domestic needs of our
economy alone, the development of our oceanographic knowledge and marine
technologies is not likely to be as rapid as many of us wish.

On the other hand, our social needs are not limited to the domestic eco-
nomic needs as such- -they include the requirements of our foreign policy and of

our military establishment. We are committed to spend about three billion

dollars annually in foreign aid. Oceanic R&D, designed to meet the needs of the

underdeveloped or deficient countries, may significantly cut our foreign aid bill

without decreasing its effectiveness. In later years, as our population grows
and our own resources diminish, we would be able to utilize these technologies
with full advantage for our own economy. In a somewhat similar vein, our
civilian oceanic R&D can proceed much farther and much faster if the interests
of the U. S. Navy are considered and Naval cooperation is obtained. The mining
of the ocean bottom can provide our submarines with stations and sources of

supply. Non-military U. S. presence in the oceans can provide the Navy with
navigational assistance, information, and denial of footholds to the potential

enemy. In sum, an effective and rapid exploitation of the potential of the oceans
can be brought about if we view the problem not only from the point of view of

the domestic needs of our economy at this time, but if we integrate the present
and future needs of our economy with the needs of our foreign policy and defense.

In our sea-grant universities, we should not only do research and provide
educational facilities in marine sciences. We should provide research to deter-
mine what our social needs are in each given period of time and how marine
sciences and technologies can satisfy those needs. We need social scientists
who understand the implications of oceanography and marine sciences for soci-
ety as a whole. Conversely, we need oceanographers with a keen appreciation
of social requirements so that they can direct their research towards goals
most needed by society.

DAVID DEAN, Department of Zoology and Entomology, The University of Con-
necticut

Certainly no one would question the objectives of scholarship, research,
training and dissemination of information proposed in the sea-grant university
concept or the benefit our country would reap from the program. However, I

question whether it is wise to designate specific institutions as sea- grant uni-
versities. Such a labeling might be detrimental to the objectives of the concept
in the following ways: (1) In obtaining support in the legislature. While it is

incongruous to designate institutions from inland states as sea-grant univer-
sities, it is quite conceivable that these same institutions could make significant
contributions to the marine sciences. Greater support could be rallied if the
inland states were not excluded by the use of a label. (2) Stigmas have been
associated with land-grant universities in the past. I'm afraid that similar stig-
mas, as unwarranted and unfortunate as they maybe, will carry over to the sea-
grant university.

While a sea- grant university will focus attention on marine science and
oceanology, there are other equally effective ways to focus attention on these
areas. I suggest that the sea- grant university label be abolished but that the
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same objectives and purposes be retained. These objectives can be successfully
attained by the following: (1) The sponsoring governmental agency establishing
criteria for institutional grants; (2) Permitting any institution to apply for a
grant on a competitive basis; (3) The grant application providing for marine
science programs in (a) graduate training, (b) the training of technicians, (c)

continuing education, (d) research, and (e) extension; (4) Awarding institutional
grants on the basis of merit.

Dr. Knoblauch pointed out quite clearly that it was the unrestricted institu-

tional grants which were largely responsible for the tremendous success of the
land- grant movement. Let's profit from history by adopting the institutional

grant method. These grants should be unrestricted except that the institutions
agree to provide programs in the areas outlined in (3) (a) to (e).

The possibilities of joint ventures should not be overlooked. Inland and
coastal universities might join strengths in a cooperative sea-grant program.

MEIR H. DEGANI, State University of New York, Maritime College

It is of great importance to keep in mind, when the implementation stage
of the sea-grant college arrives, the strengthening of the several existing under-
graduate curricula in oceanography, as well as encouraging the development of

more such undergraduate curricula.

The job ahead of us will need the aid of many practitioners of the art, as
M. B. Schaefer has suggested, to work side by side, with graduates of other
academic levels.

WILLIAM H. DREW, Associate Dean, Graduate School, University of New Hamp-
shire

As a land- grant college located directly on a large marine estuary and in

a state that has a limited amount of Atlantic seaboard, the University of New
Hampshire is interested in the concept of a sea-grant university. As evidence
of more than a passing interest in these matters are the history of a marine
laboratory that was located on the Isle of Shoals, well established programs in

the biological departments concerned with estuarine and marine matters, emerg-
ing programs in ocean engineering, and the building of an estuarine laboratory
on Great Bay within the coming year.

The University strongly favors the general concept of a sea- grant univer-
sity and shares the immense enthusiasm expressed for the idea at this most
successful meeting. As with most far-reaching ideas, it will be necessary to
establish some parameters. Although we have all agreed upon a goal (that of

occupying the sea) and have also agreed upon a general means of achieving said
goal, there must be considerable further thought and discussion concerning the
specifics of the sea- grant university concept.

As defined in these meetings, oceanography can be interpreted to include
many disciplines within the social, biological, and physical sciences. Although
one might not disagree with this broad type of definition for general discussion,
it does have serious impact when we consider the types of educational programs
to" be initiated. While it is desirable for the ocean- oriented physicist to know
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something about ocean law, biological organisms in the ocean, and the geology of

the ocean bottom, he still is and should be first and foremost a physicist. It is

very doubtful that the technological breakthroughs that have been envisioned at

this meeting could come about through persons who are not well trained in a

given academic discipline. Although inter-disciplinary education certainly has
advantages up to a limit, we may be envisioning something beyond this limit in

terms of training of overall oceanographers. In other areas of endeavor that

have been discussed at these meetings, there is an obvious need for a broader
type of training program that does not delve to the very depths of any given aca-

demic discipline. In the training of technicians and extension agents, a curricu-

lum of this type has merit. It seems necessary, therefore, to have a clearer

understanding of the types of training programs we are concerned with and the

best means of accomplishing them.

We see a need for a wide variety of approaches to the needs of oceanog-
raphy. Approaching the problem through technical training, extension work, and
applied arid basic research seems desirable. The writer has serious doubts as

to whether or not this is a type of program that would be compatible with the

present operation of the National Science Foundation, which has an enviable

record of supporting basic research programs. It would seem that other agen-
cies would better fit the needs for administering a program developed along the

lines of the sea- grant concept.

A final remark would only be to repeat once again the objections to the

center of excellence idea, which were made during the meetings. For fairly

obvious reasons, the idea of developing a very limited number of centers of ex-

cellence in oceanography with federal funds is politically unfeasible. We should
not be content, however, to allow political implications to dictate educational
programs. I would, therefore, object to the centers of excellence concept on
the basis of academic advisability. A few centers of excellence might very well

be a reasonable means of approaching the needs for specialized basic research
in oceanography. If, however, we are to consider also the application of basic
research to specific problems and the results of these applications being ex-
tended to the industry itself, it is doubtful that a few centers of excellence would
accomplish these ends. To have an effective extension service, it must be ad-
ministered close to home.

In summary, we at the University of New Hampshire are highly enthusias-
tic about the idea of a sea- grant college and strongly hope that future fruitful

discussions of the type held at this meeting will further define the idea to the

point where it will be possible very shortly to transform the idea into fact.

FRANKLIN P. EGGERT, Dean of the Graduate School and Director of Research,
University of Maine

The concept of the sea- grant university as outlined by Dr. Spilhaus is a
valid one and should be heartily endorsed. The exploration, exploitation and
occupation of the oceans will become a necessity in the near future as we de-
plete the resources of our land masses and as population increases. The oceans
will belong only to those who have the required knowledge to utilize them. These
principles appear undebatable and, consequently must be supported.

The source of funds for support and the agency through which the program
might be administered is more obscure than the basic principle. It is my opinion
that since the sea- grant concept involves a greater role than any present agency
now performs, a new agency such as that proposed by Senator Muskie (S. 2251)
might offer better possibilities provided the sea-grant concept is included.
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Centers to receive support must be identified on the basis of their capacity to
carry out the total concept of the sea- grant university, as well as their being
centers of research excellence.

HAROLD H. HASKIN, Professor of Zoology and Oyster Investigations, Rutgers
University

Of course no one concerned with the development of our marine resources
can be opposed to the primary idea of this conference --that additional financial
support be provided for this purpose. It is easily understandable also that we
are impressed with the accomplishments of agricultural sciences and therefore
are thinking of ways and means to establish similar national support for the
marine sciences. I cannot, however, agree with the several speakers at this

conference who held that our basic knowledge in marine science is at such a
high level that we can de-emphasize basic research and should now concentrate
on application of this knowledge, through marine engineering, to the conquest
and occupation of the sea. One speaker even stated that the management of the
shallow water coastal resources was easy and that we should move at once to
the more challenging problems of offshore waters. As one who has worked with
estuarine shellfish resources over the past 20 years, I should like to point out
that we don't even have the basic knowledge to insure proper management of

such relatively well- studied species as the oyster, hard clam and soft clam.
These estuarine populations have been placed under severe stress largely
through engineering "improvements" in channels, harbors, stream control,
water diversions, sewage disposal, etc. This conference should not push for all

out engineering advances without frank recognition that we require stronger
basic research programs to support such advances.

CLARE P. IDYLL, Institute of Marine Science, University of Miami

It is widely recognized that understanding of the ocean environment is

necessary in order to reduce its potential to use. And it is further realized that
this understanding can only come through the mechanism of scientific enquiry;
that this must then be followed by the development of engineering technology;
that, finally, the technology must be demonstrated to the industrial community
and adopted by them. Ocean scientists have stated and restated this conviction
often enough in recent years that the public and the Congress are dinaly perceiv-
ing it. But in such cases it often takes an eloquent expression of the idea for it

to achieve realization in any reasonable time. Dean Spilhaus' imaginative con-
cept of the sea- grant college and his eloquent exposition of this concept is the
kind of spark required to pick the idea out of its tracks and carry it to realiza-
tion. It is clear that the sea-grant college idea has caught the imagination of
the ocean science community, and properly handled by that community it can
also capture the imagination of Congress. If Congress adopts the concept and
establishes sea- grant colleges the oceanographic community will find itself
called upon to increase its activity enormously to keep up with the demand for
information and skills at all levels.

But while it seems certain that this widely ranging kind of activity will
result from the establishment of sea- grant colleges, it will be fatal to try to
create them full-blown by attempting to include all things for all oceanographers.
The great danger now is that Dr. Spilhaus' key idea will be ignored and that all

of us go baying after our own modified vision of the "sea-grant college" regard-
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less of how far this vision might deviate from the original. The Spilhaus concept
is to create the engineering and technological machinery and to translate know-
ledge already gained about the sea into practical use. "Pure science" is seen
as an essential companion activity, but application - applied science - is the

fundamental base of the concept.

It is to be hoped that wide, active and unified support can be given to Dr.
Spilhaus' idea and to Senator Pell's practical expression of it. Support of all

facts of oceanographic research and engineering will certainly follow, but we
must be willing to allow a certain amount of time for some of them. It took the

land-grant colleges 100 years to build their complex structure; it will not take

the sea-grant colleges anything like as long if we are energetic and intelligent

enough to build on their experience.

One principle which seems necessary to establish is that the functions of

practical application of the sea-grant colleges should be based on research and
teaching at the graduate level. A common misconception is that oceanography
is a science in itself. This is no more true than that there is such a thing as
"land science." Oceanography is the application of the basic sciences of biology,

geology, physics and chemistry to problems of the sea. This being the case,

students of oceanography must be graduates who have mastered the principles
of at least some of these sciences and who are then confronted in a graduate
school with the kinds of problems created by the unique ocean environment and
given opportunity to practice the solution of some of these. Training in marine
science should be largely the teaching of attitudes and principles and the inten-

sive participation in research. It is essential, furthermore, that this research
be on real problems whose solution is necessary to advance our mastery over
the ocean environment, and not artificial problems invented only to provide a

student with a thesis. This requires that graduate schools in marine science be
given realistic support for research programs. Whether this support is in the

form of grants or contracts will depend on circumstances, but however it is given,

some control is necessary to ensure that only excellence is supported. Once
this kind of safeguard is assured, and review mechanisms established, then
some system of continuous and long-term backing is required in order for the

schools to attract and hold able faculty and to guarantee long-term progranns.

Since the result of basic research is to be applied to practice in the nature
of programs envisioned for the sea-grant colleges, and applied research is

strongly emphasized, it seems appropriate that the sea- grant college program
should be administered by the Bureau of Commercial Fisheries. It is to be hoped
that the National Science Foundation and other agencies will continue strong
support of basic ocean research. In fact, it will be necessary, as applied re-
search and engineering increase in scope under the sea-grant college impetus,
that greatly increased basic research will be essential, inside the sea-grant
colleges and in hundreds of other institutions on the coast and inland alike. Tech-
nology feeds on pure research, and the base of the latter must be far broader
than the technology it supports. Thus the support of NSF and of many other
agencies will be increasingly urgent. But for the mission of the sea-grant col-

leges, the experience and philosophical base of the Bureau of Commercial Fish-
eries seems to be a more logical administrative agency.

The sea is an unique environment, and if we are to understand it we must
study its problems intensively with scientists trained in special techniques. It

may be true, as has been stated, that there are enough chemists and biologists
and other scientists in the United States to solve the problems of oceanography,
but this is highly doubtful. What is certainly not true is that these scientists are
engaged now or are likely soon to be engaged in the study of marine science.
The only means by which the United States can engage more effectively in ocean-
ographic studies is to direct the efforts of skilled and trained scientists on this

research. Many of these have still to be trained. The establishment of sea-
grant colleges would be an effective means of promoting this training, as well
as providing an enormous stimulus to the essential research.
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FRED MANGE LSDORF, Administrative Aide, Woods Hole Oceanographic Insti-

tution

It seemed fairly obvious to me that the sea- grant college would indeed be
oriented to the applied science, or ocean technology. It should be a school that

would tell people how to do things in the oceans, but not necessarily what should
be done or what questions should be asked; a school that operated long-range
experimental programs in the oceans that consistently produced the biggest
tuna ever caught, the most abundant yield of nutrients produced, etc.

The old schools known as land-grant colleges are also known as agricul-
tural and mechanical colleges. I think that what we now need is not really the
land- grant concept as much as it is the agricultural and mechanical concept.
If we substitute "oceans" for "agriculture", and substitute "technology" for
"mechanical" (to include electronics, et al) you have ocean technology instead
of agricultural and mechanical. I thus see the emphasis shifting from "sea-
grant" colleges to "ocean technology" colleges. I think this is really a much
more meaningful nanne for the type of school that I personally had in mind.

WILLIS E. PEQUEGNAT, Acting Head of Department, Texas A&M University

It can be said that a substantial number of persons representing a wide
variety of academic pursuits at Texas A&M University subscribe to and are
willing to lend support to the development of the concepts embodied in the pro-
posed Sea-Grant College and Program Act of 1965.

It is understandable that we should have an interest in the provisions of

this bill and that we can appreciate the many needs that it will satisfy. Being
the land-grant college of the State of Texas, Texas A&M has a long tradition of

translating the results of research in agriculture and engineering into applica-
tions that will benefit public pursuits. The University established a Department
of Oceanography in 1950 in response to the needs expressed by persons who de-
rived their livelihood from the Gulf of Mexico. Since that time we have gradu-
ated a total of 60 students at the M.S. level and 36 at the Ph.D. level. Many of

these former students now occupy positions of leadership in academic, govern-
mental, or corporate institutions. In addition, our regular staff members are
called upon to conduct a wide variety of research for both industrial and govern-
mental agencies. Furthermore, we have for some years given special courses
in advanced topics to personnel in several agencies of government. Since we
are the only department of oceanography situated near the western Gulf of

Mexico, it is natural that our staff would be called upon for a wide variety of

consultative functions in cooperation with industrial needs.

In order to meet some of the needs of the industrial and technological
community, Texas A&M has recently established a cooperative program in

Ocean Engineering that is administered by the Department of Civil Engineering
and in which selected members of the oceanography staff participate. In short,
we are called upon with increasing tempo by a broad spectrum of nonacademic
activities to aid them in orienting themselves toward the ocean for economic
purposes.

These are only a few of the reasons why we are interested in the sea-grant
college bill. In addition, we see in this proposed act an excellent mechanism for
redirecting some of the funds derived by the federal government from provisions
of the Outer Continental Shelf Lands Act back into those academic and related
channels that will increase our effective and more productive use of submerged
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lands on the fringe of our continent and of the waters that bathe them. Thought-
ful use of these lands will obviously be of benefit to the United States as a whole,

and will as time goes on permit the deriving of increasing funds to permit far

more sophisticated uses of the sea margins than we may now even envisage. We
also see the proposed act as providing a sound basis for the setting aside of

selected areas of our continental shelf as reserves that will be protected from
haphazard exploitation. These areas which will be preserved as natural labora-
tories will, with the passage of time, become increasingly valuable to Americans
generally, and the act of setting them aside may be hailed by future generations
as the most significant part of the Sea-Grant College Act. Although we are
blessed with extensive coastlines including those of the Great Lakes, even those
of us born in the second decade of the present century are too aware of the im-
pact of unbridled usurpation upon certain regions. We also see in the proposed
act the stimulus that will bring together persons of many talents in our search
for more intelligent use of the marine environment. When the bill is spelled

out more completely, it will make clear to our colleagues in economics, soci-

ology, and the law that we welcome their thoughtful study of the many problems
that beset those who wish to make more effective use of the sea as a habitat for

man in broader scope than attempted heretofore.

We feel, therefore, that it is incumbent upon those of us who are devoted to

the traditional study of the sea to support legislation that will not only in the long
run stimulate more basic investigations but will also provide reasonable means
for bridging the gap between the act of deriving new knowledge and its applica-
tion for the more immediate benefit of our citizens.

JOHN H, PHILLIPS. Director, Hopkins Marine Station, Pacific Grove, California

The presentation was stimulating and the discussion rewarding. It left no
doubt in my mind of the desirability of supporting Senator Pell's Bill (S.2439).

There were several points, however, with respect to implementation that

need early consideration, and many of these points were best revealed in the
general discussion. I would like to recommend that while everything possible
is done to urge the enactment of this important piece of legislation, discussion
and planning of ways for its implementation also proceed.

Several aspects are obviously in need of thought. What are the subject
deficiencies of our national program? Marine engineering and technology were
mentioned as well as marine law and economics. What deficiencies exist with
respect to facilities presently available for training and research in the essen-
tial subjects of marine science?

Based upon the answers to these questions, consideration must be given to

the best ways of removing the deficiencies and encouraging the improvement of

existing programs and facilities. Institutional grants would appear to be the
most useful form of funding. They would allow both strengthening of existing
programs and initiation of needed additional ones.

President Horn made a very good point in his comments as a panel mem-
ber. It is unrealistic to anticipate that each institution involved in some parti-
cular aspect of marine science will become equally involved in all other aspects.
We cannot anticipate the development of faculty and curricula representing all

of the needed subjects of marine science in every institution. Some will remain
strong in only one or more specialties, e.g. biology, oceanography, engineering,
etc. It would be unrealistic to expect these institutions to broaden their offer-
ings to include all subjects in marine science. Perhaps additional institutions
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will be needed to provide the kind of offering exemplified by the agricultural
college, but I feel it is short sighted to suggest that this latter type of institution
is the only kind in need of support. It would deny the value of what we already
have. Instead, we should try to improve and augment those already in existence.

While the term "sea-grant university" has an appeal, it does not describe
the program as it was proposed at the conference. The term also carries some
difficult connotations with respect to distribution of funds. It at least suggests
distribution of support, not on a regional basis - but on a national one.

GEORGE A, ROUNSEFELL, Professor of Marine Biology, University of Alabama

The sea- grant university is an interesting concept and especially so in
light of the facts that we have slipped from second place to fifth place in world
fisheries, and need the mineral resources of the seas. Moreover, it even be-
comes urgent, when we consider the need of the world for additional protein to
buy time for adjustments in human populations.

The sheer enormity of the problems in studying the seas dictates the need
for a wide variety of programs among universities. Under the land-grant pro-
gram some universities specialized in horticulture, some in livestock, and still

others in agricultural engineering or entomology. Similarly, intelligent exploita-
tion of the seas calls for work in mamy areas and disciplines, each in varying
degree consistent with both local and national needs. Several universities already
possess considerable capabilities in the oceanography of the high seas, for in-
stance, and it would seem unwise for too many universities to attempt to work
in this area which requires such enormous outlays in ships, technical personnel,
and operating expense. The University of Alabama is attempting to meet its
own requirements for any deep sea ventures in conjunction with the Gulf Marine
Research Association. This association of universities and marine laboratories,
formed recently to aid marine research effort through cooperation in use of
facilities, presently has members in Alabama, Mississippi, and 'Louisiana.

In view of the above, I hope any pending legislation will allow for consid-
erable latitude.

Our specific concerns cover three main points: First, the situation in the
Gulf is vastly different than in the Northeast, or in the Pacific. Over 20 per cent
of the catch by United States fishermen is taken along a stretch of scarcely 300
miles of the northern Gulf. Over 95 per cent of the species now harvested are
dependent on the shallow protected bays and estuaries during all or a part of
their lives. The preservation of this rich environment in the face of pollution
and engineering projects engendered by burgeoning industrial development is
one of our chief concerns.

A second concern is the obsolesence of our fishing fleet which now fishes
only the shallow inner portion of our wide continental shelf. We must build new
vessels capable of using modern gear and fishing both the deeper waters, and
the vast schools of herring- like fishes not now being tapped. The kinds of ves-
sels needed will require operators skilled in electronics, navigation, and mechan-
ical engineering.

A third concern is the rearing of crustaceans, mollusks, and fishes in our
extensive estuaries. Although the possibilities are vast, implementation awaits
research on the physiology and nutrition of marine fauna.
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Despite the lack of any funding similar to that accorded agricultural

training and research, the University has maintained growing interest in these

problems. For the past 10 years, a course in marine biology has been taught

every summer. Since 1963, the University has operated the Alabama Marine
Resources Laboratory on Dauphin Island, conducting applied fishery research
for the Alabama Department of Conservation. On- campus courses are offered

in ichthyology, limnology, and marine fishery science. However praiseworthy,

these efforts are puny in relation to the need.

The University of Alabama has shown it is both willing and anxious to aid

the state and the nation by expanding its education and research in the marine
sciences. If the pending legislation on sea-grant universities has broad enough
scope to encompass the needs we have outlined, it will be welcomed and sup-

ported by the University.

CARL N. SHUSTER, JR., Director, Northeast Shellfish Sanitation Research Cen-
ter, U. S. Public Health Service, Narragansett

When I gaze over Dr. Spilhaus' shoulder into his crystal ball portrayal of

men working and living under the sea through achievements in ocean engineer-
ing -- taking full cognizance of his concept of a sea-grant university and recog-
nizing Dr. Chapman's apt differentiation between the "land" and "sea" people --

I can see the establishment of a college on grant lands of the continental shelf

as the ultimate fruition of the concept. I see also an extension of Dr. Spilhaus'

remarks on ocean engineering into a research-application area in which the

Public Health Service of the U. S. Department of Health, Education, and Welfare
has a definite interest. As in the case of Captain Cousteaus' and the U. S.

Navy's Sea Lab experiments in underwater living, medical and physiological re-
search will continue to play a vital and significant role in man's invasion of the

sea floor. Successful habitation in the underwater city of tomorrow will depend
in large measure upon advances in environmental engineering-- including water
and air supplies, sanitation, and community health -- beyond those even now en-

visioned for our terrestrial habitat. It is an exciting future to contemplate; by
establishing sea- grant universities on the land today we may be fully able to

benefit from the lands at the bottom of the sea tomorrow.

WILLIAM H. TAFT, University of South Florida

Many of the discussions at this conference have been directed towards the

problem of financing the sea-grant colleges.

One of the challenging and most inspiring aspects of the possibility of es-
tablishing sea-grant colleges is the possibility of augmenting a need by proper
planning and implementation rather than being forced by a national crisis, such
as produced by Sputnik, to race into the problem of crash-program support for

marine science on a national scale.

We have heard comments by various speakers as to how they would finance
the proposed sea-grant colleges. These proposals range from Senator Pell's

10% of royalties from leases on the continental shelves to the proposal from
Dean Hargis that we should use a portion of the more than $1,000,000,000 col-

lected in 1964 from import duty imposed on fishing products brought into the

United States.
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It seems to me that funding should reallybe the least of our problems. Let
me illustrate. Last summer, (1965), a Russian trawler appeared off the west
coast of Florida in the vicinity of St. Petersburg. This vessel was collecting

fish to be consumed either by Russia or her satellite countries. As a result of

this visit, Floridians were "up-in-arms" and were extremely displeased that

Russia was "stealing their fish." Nevertheless, the Russians were there prin-
cipally because they could locate and catch a sufficient number of fish to make
their efforts worthwhile.

What will the State of Florida, or the federal government, do if the Rus-
sians move onto the expansive continental shelf off the west coast of Florida and
withdraw billions of barrels of petroleum? Will it take such a crisis to awaken
the American public? When we initiated the space race after Sputnik did we con-
cern ourselves with the problem of finances? I submit that the United States
cannot afford not to pursue and accelerate its programs in marine science.

ALLYN VINE
J
Woods Hole Oceanographic Institute

In discussing some of the international aspects of the oceans. Dr. Chapman
has emphasized the future importance of ownership. I would like to emphasize
another aspect of ownership, or perhaps non- ownership of the ocean.

For a long time most nations have held dual, and somewhat contradictory
attitudes toward the sea and the land. On the wet portion of the earth they have
supported the concept of freedom of the seas while on the dry portion of the
earth they have been highly nationalistic, possessive and boundry conscious.
The contrast between these two cultural and national attitudes is very great and
it may well be that the international attitude towards the ocean has been one of

the great stabilizing influences in the world. To the degree that this is true, we
must be far sighted enough to also consider the reasons for not dividing up the
ocean but evolving maritime law, and procedures that will help maintain the most
useful aspects of our water frontier. This effort is far more than a technical
one and implies that the contributions of a sea- grant college would be philo-
sophical, historical, economic and legal as well as technical. The implied scope
of the phrase "sea-grant college" is perhaps the best promise that our educa-
tional and national efforts may come to grips with preserving the freedom of the

world's ocean in its political and recreative sense as well as trying to bring the
ocean down to a workable size in a technical sense.

There' have been many comments on how many sea-grant colleges there
should be, initially, with good reasons given for having only a few and good rea-
sons for having quite a few. In making these decisions I believe it is important
to remember that the ocean is very big and very tough, and the ocean is unlikely
to be tamed or developed by using only the sea- going craft and technologies that

we have used in the past. For example, both students and company presidents
may believe that new kinds of ships, drilling rigs, mining methods and aquacul-
ture techniques must be developed before we can quadruple the ocean's impact
on the world economy and the American labor market. Because of the need to

educate students and teachers with new and expensive sea- going ships, labora-
tories and techniques it may be wise to initiate sea- grant colleges on a regional
basis to more rapidly develop major facilities and field graduate work in ocean
engineering.

For example, the laboratory ships for an electrical engineering department
might be a FLIP ship like a 1000 foot long telephone pole that sends power to the
bottom while the archeological department might have a pair of exploration sub-
marines. These examples are only to show that by combining efforts during an
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initial period we can improve the chances for technical innovation and effective,

imaginative approaches to our problems.

We must also remember that while the sea-grant university is an idea of

the 20th Century, it is an idea for the 21st Century.

CHARLES G. WILBER, Director, Marine Laboratories, University of Delaware

After careful thought on the matter I am, in principle, in support of the

sea- grant college idea. I feel that certain details of the Pell bill may have to

be modified as a matter of practical politics. However, I feel that the general
concept is sound and should receive the support of the oceanographic community.

To my mind one of the most important aspects of the bill and the concept
is the insuring of continuous, dependable, long term support for college efforts

in the marine sciences. It is gratifying to realize that leaders in the field are
no longer satisfied with the project type of support. I feel that I have had a

resaonable amount of experience both as administrator, research worker, and
as university teacher to maintain that the project method of supporting our
scientific endeavors leaves much to be desired. I would urge that any implemen-
tation of the sea-grant college idea insure this type of continuous, dependable,
long-term financing. The field of oceanography is so broad that it requires much
imagination, daring, and innovations; long term financing of research and educa-
tion in the field is a must.

To nny mind certain aspects of the bill require changing or modification.

I am thinking specifically of some way to encourage the formation of regional
oceanographic colleges which might be operated by several cooperating states

to the benefit of all. I also have misgivings over the present wording of the bill

which seems to indicate that support under the sea-grant college legislation

could go to private concerns and to individuals. I feel that, if this were left in

the bill, I would be forced to do all I could to defeat the legislation. I do not

know what private concerns would qualify under the broad education and research
aspects of the bill. Certainly I do not know where individuals would qualify or
should. It is my view that support under this legislation should be limited to

recognized colleges and universities, either private or public. The legislation

should not make funds available under the sea- grant concept to private industry
or to individuals.

Finally, in our debate and thinking on the sea-grant college concept we must
never forget or allow legislators to forget that this is 'an educational venture. We
must urge that the educational aspects of the bill not be lost or snowed under by
the research aspects.
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Dr. Knauss. Many of my scientist friends have asked me what a sea

grant college is. I believe the statement of the committee does much
to answer that question. A modern university is dedicated to teach-

ing, research, and public service. The land grant system of research,

academic instruction, and extension—getting knowledge into circu-

lation and use—has made American agriculture the most productive
in the world. The land grant colleges were probably one of the best

investments the Federal Government ever made. The sea grant college

concept implies a similar attack on the many problems of marine
science and industry within the context of a modern university.

Sea grant colleges, or whatever you would like to call them, are

already emerging on college and university campuses from Maine to

California. A modem university is committed to serve the people in

its region wdio are faced with scientific, technical, and other problems.
The people who are tiying to reap a living from the sea have long-

neglected problems and they are turning to the universities in increas-

ing numbers for solutions and assistance. In other w^ords, we are

going to have sea grant colleges one way or another. However, Fed-
eral legislation is most important if you wish to accelerate the process

and to establish high initial standards of performance.
In the course of my travels I have had some opportunity to learn

what other institutions are doing to develop our ocean resources, but
naturally I know more about what is happening in Rhode Island.

I'd like to talk about what is happening here in Rhode Island as an
example of what one might expect from a sea grant university, be-

cause the University of Rhode Island has made some progress in

becoming a sea grant institution. In part this is due to a maritime
tradition that goes back to colonial times. Now, here in this State

you are never very far from the sea. In addition, our university is

a relatively young institution where you can experiment, innovate,

and initiate programs without too great a concern for tradition.

The graduate school of oceanography trains students at the

master's and doctoral level in all aspects of marine science. We
operate a major research vessel, Trident^ which can travel to all

parts of the world's oceans. Our faculty and graduate students are

working on the frontiers of ocean science and they have been respon-

sible for at least a few of the many important discoveries that are

being made regularly in this new^ and exciting field.

Our graduate school of oceanography, with its total commitment
to the sea, serves as a focal point around which many programs have
developed. At one time or another we have had 30 departments
within the university working on various projects under a coordinat-

ing group known as the committee on marine resources. We have
been concerned with the marketing problems in the fishing industry,

the growth and exploitation of the hard shell clams, beach stabiliza-

tion and dune rebuilding, the possibilities of obtaining pharma-
ceutical agents from the ocean, labor efficiency in fish processing and
handling—to name but a few areas of investigation.

A year ago we established what I believe is the first uni\orsity

group focusing its attention on law of the sea. The Law of the Sea
Institute has or is seeking to promote understanding and solution of
the legal and international problems that arise from attempts to ex-

ploit the sea. This summer nearly 200 lawyers, scientists, and educa-
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tors will gather here for 5 days to discuss offshore boundaries and
zones. The chairman of our geography department is directing this

effort.

Last spring we formalized a program that has been evolving for

some time and announced the establishment of a curriculum in ocean
engineering. This program is a joint offering of tlie college of
engineering and the graduate school of oceanography, designed to

produce graduates with master's and doctoral degrees who under-
stand the ocean environment and can design and build structures,

vehicles, and equipment necessary for its exploration and exploita-

tion. Graduates of this program are in great demand.
We have recently established a marine experiment station. Through

the mechanism of this station we expect soon to be able to tackle a

wide variety of problems. The initial program which will begin
this summer concerns shellfish culture. We believe it possible to

develop a completely controlled "closed system"' of growing shell-

fish on a commercial basis. Assuming such a system can be estab-

lished where we control the enviromnent and the growth from the

larval stages on up through maturity and reproduction, we can start

on the next stage. We can try to improve the enviromnent; we can
develop the optimum food for growth; we can develop a better and
faster growing product by selective breeding.

We work almost on a daily basis with local fishermen. We run a 1-

day fishermen's forum each spring, introducing them to new tech-

niques to increase their productivity. University bacteriologists also

help to solve quality problems in fish processing. In addition, we are

working with local fishermen to modify midwater trawl methods and
gear so that they can be used on local vessels. We have proposed the
establishment of a 2-year fisheries school where fishermen will be
trained.

I hope I have given you an idea of where we here at the University
of Rhode Island are heading and the type of activity that should be
characteristic of sea grant colleges. What is being proposed as I

understand it is an assault on the problems of the sea, using all of the

various kinds of intellectual resources generally associated with a uni-

versity. I am convinced, however, that much as we have done to date,

it is only the beginning. Much more can be done in terms of the

future growth and security of this country. I think much more needs
to be done.

I believe a mechanism of some sort which guarantees minimal levels

of financial support is necessary. This can be accomplished through
passage of legislation establishing sea grant colleges. If such legisla-

tion is passed I am certain that within a liundrecl years or less our
children and our children's children will have reason to admire our
vision. We will have given them another world far richer than the
one we have now. Thank you very much.

Senator Pell. Thank you very much for coming here to testify. I

should also like to add how grateful we are to you for lending us one
of your graduate students, Bob Foumier, who has contributed so much
in the actual drawing up of this legislation. As you know I have
quite an intern program of people from Ehode Island, more than 250
in the last few years have worked in my office. We are very grate-

ful to you for lending Bob to us for this period of 6 weeks. We trust,
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even if it stretches out a few clays more that he may be with us. I am
well aware of the "fish forum,'* I participated in it and I congratulate
you on it,

I have a couple of specific questions here that I would like to ask
you. We are fortunate to have such a well informed witness as your-
self here. What is your view as to where the administration of these

funds should be placed, the repository ? What agency should admin-
ister this bill? Should it be the National Scientific Fomidation or
should it be the Smithsonian Institution ?

Dr. Knauss. Well, I have thought about it, Senator, and also the
committee for sea grant colleges has thought about it. I think one
thing is clear from our discussions that there is no obvious place within
the Federal Government where the sea grant college bill should, I
mean, the administration of it should rest. One of the things that we
have sort of agreed upon among ourselves is that it probably should
not be in an agency which has a reasonably narrow mission as regards
the sea, such as the Bureau of Commerce or the Department of Defense.
Certainly the National Science Foundation and Smithsonian Institu-

tion meet the criteria as having missions with a broad or big scope.

I can see many good reasons why it should go to Smithsonian. The
National Science Foundation was set up some 15 years ago and as a
result the National Science Foundation, rightfully so, has moved very
slowly in taking on new funds. As a result it has built up a great
reservoir of good feeling among scientists. But, at the same time it

has not exercised its prerogatives as much as it might have. Whether
they are in a position to take on something as applied, say, as the sea

grant college program is not for me to decide.

Senator Pell. In connection with the actual bill itself do you have
any specific thought as to changes, because this bill that we have al-

ready discussed at the Southern New England Marine Scientists Asso-
ciation, and is being discussed here is perfectly open to change and we
need some specific suggestions. Do you have any thoughts as to

changes?
Dr. Knauss. Well, this sea grant college committee has suggested

some changes which are appended with our statements.

Senator Pell. I think it is probably a good idea, whether these sug-

gestions are adopted or not, to put them in the record. Accordingly, I

vvill ask that they be made a part of the record at this time.

Now, do you have any view as to this perhaps more general question

of the law of the sea ? Where do you think our national interest lies?

Do you want to follow the very interesting suggestion of Professor
Holmsen of your faculty that the limits should extend on the basis of
depths, or would our national interest lie more on the basis of the

normal 3, or 6, or 12 miles ?

Dr. Knauss. I think it depends upon whether you are a New Eng-
land fisherman or a marine skipper as to wliere 3'our national interest

lies. I feel that the real national interest rests and will be met by our
gaining mastery of the sea by economic and scientific exploration and
exploitation. 1 said it before, and I think it is worth repeating, his-

toiy shows that control of the land has gone to those people who oc-

cupy the land. Not necessarily that country that is the strongest or

has the strongest armies. That country which actually can occupy the

sea, exploit the sea, will, in fact, control the sea. And that is even,

more important than having the best navy in the world.
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Senator Pell. Just to return for a moment to your specific sugges-
tions. Would these suggestions all be accepted with equal force by
your group or is there one suggestion that is more favorable than
another ?

Dr. Knauss. I think they should all be accepted with equal force,

Senator. The question as to where this bill should be administered,
where the administration of this bill should be placed, our committee
did not feel at that time that we were in a position to make any recom-
mendation as to where the administration of the bill should rest.

Wliether it should rest with the National Science Foundation or the
Smithsonian Institution we felt that, at least at that time, which was
in early February, that we were not in a position to make a recom-
mendation on this matter.

Senator Pell. Speaking to you as the dean of the graduate school

of oceanography in this field, where do you apply for funds? What
Government agency have you been in close touch with and are they
negative in your view ?

J)r. Knauss. We apply for grants from a wide variety of sources,

the Atomic Energ;y" Commission, the National Science Foundation, the

Bureau of Commercial Fisheries, and the National Institutes of Health.

We have had money from all of these places. Usually I get grants on
a project basis. It is very difficult to get grants on an individual basis

ior a 2- or 3-year period which allow you to speculate on the basis that

something might turn up and so forth. This is certainly one of the

key points, I believe, of sea grant colleges, this bill, that a fair portion

of the funds would lie distributed where needed.

Senator Pell. This is the same point that President Horn raised

in his testimony about the importance of having institutional grants

as opposed to individual grants ; is that right ?

Dr. Knauss. That is right, sir.

Senator Pell. Now, you mentioned five or six Grovemment agencies.

Do you have someone in your faculty who coordinates these requests

or does each man formulate language which will most appeal to that

agency particularly ?

Dr. Knauss. We have no one person that does the coordinating. I

would say that it is the agency, itself, that is aware of the problem.
Senator Pell. Another thought here is in connection with fish pro-

tein concentrate. As I understand it you, and the Point Judith Fisher-

men's Cooperative, have been working together to get one of those

plants, one of those stations.

Dr. Knauss. We are very excited about this. We have talked with
them about this and we have made some tentative plans as to what we
might do. Yes, we are ready to move on this if we were first to get

one of these plants in this area. First the bill has to pass.

Senator Pell. I would also like to congratulate your university

on going ahead with that meeting a few months ago when we dis-

cussed this idea of the bill for a fish protein concentrate plant, be-

cause, as I have said to Mayor Harrington, I believe the time will

come when fish protein concentrate will be considered perfectly suit-

able for human consumption and then there will be a great need to

develop this food, right ?

Dr. Knauss. Yes, I agree. It certainly has its advantages. It stores

easily and can be mixed easily with other foods.
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Senator Pell. Thank you very much for your testimony.

Our next speaker is Mr. John Horton, vice president of the Greater
Providence Chamber of Commerce. We are very glad that you were
able to come here today and testify on behalf of the Greater Provi-

dence Chamber of Commerce.

STATEMENT OF JOHN HORTON, VICE PEESIDENT, GREATER
PROVIDENCE CHAMBER OF COMMERCE, PROVIDENCE, R.I.

Mr, HoRTON. Mr. Chairman, I am privileged to be here today on be-

half of the Greater Providence Chamber of Commerce.
Since 1636 when Roger Williams founded his settlement at the head

of Narragansett Bay, the destiny of Rhode Island and Providence
Plantations has been linked firmly with the oceans of the world. In
fact, veiy few Rhode Islanders are acquainted with the fact that
Pawtucket was once a shipbuilding center.

Today, on the quiet, sloping streets of our East Side Hill, shaded
by ancient elms and lindens, stand the great houses, \drtually un-
changed since the days of the sea captains and merchants who built

them in the l700's. Today there exists throughout Rhode Island a
new awareness, a determined dedication to discover and harvest the

vast potential and rich rewards of the ocean.

In January of this year, the chamber's board of directors, speaking
for the 2,000 members and 1,000-member firms of the Greater Provi-

dence Chamber of Commerce, unanimously voted to support Senator
Claiborne Pell's bill, S. 2439, Avhich authorizes the establishment and
operation of sea grant colleges and programs of education, training,

and research in the marine sciences, and a program of advisory services

relating to activities in the marine sciences, to facilitate the use of the

submerged lands of the Outer Continental Shelf by participants carry-

ing out these programs.
In backing Senator Pell's bill, the chamber's board stated that "the

important potential of the sea as a source of food is reason enough to

expand this Nation's interest and activity in the study of the ocean.'^

The needs of the Nation's defense posture, added to this possible solu-

tion of the grim prospects of famine that exist in many areas of the
world, are cause for action today in the field of oceanography, the
potential rewards of which challenge the imagination.
Already there are more than 200 companies in this country with a

major interest in oceanography, and more firms are entering this

complex field each year. To staff these private organizations with
competent oceanographers and technicians will be an invaluable bene-

fit derived from creation of sea grant colleges.

Much progress in oceanography can be seen in Rhode Island and
southern New England. Outstanding research facilities exist staffed

by expert technicians, and additional facilities are now under con-

struction. The chamber's interest in oceanography helped to create

the Southern New England Marine Sciences Association, an areawide
organization devoted to the promotion of the marine sciences and the

acquisition, storage, retrieval, dissemination of information on ocean-

ography.
New studies are being made in the field of international laws deal-

ing in the exploration of the sea. I note with satisfaction that the first
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annual summer conference of the Law of the Sea Institute will be held

this June here at the University of Rhode Island to explore in detail

the critical subject of "Offshore Boundaries and Zones." A recent

study by the department of food and resources economics at this uni-

versity disclosed that marine-oriented activities accoimt for 21 percent

of the aggregate income received by one and a half million persons in

a three-State region from Xew London through Rhode Island to Cape
Cod and the offshore islands of Massachusetts. So, the chamber's

support of Senator Pell's National Sea Grant College Act is not

without substantial economic foundation. Optimistic forecasters have
predicted an annual national market of $5 billion in oceanography
within 10 years, or about the current NASA budget.

The greater Providence Chamber of Commerce urges passage of

the National Sea Grant College and Program Act of 1965 as the key
stimulus to current efforts by Government and industry to establish

sound, long-range planning for this country's oceanographic program
and activities. Passage of S. 2439 will be a dramatic thrust toward
the crucial goal of harnessing our greatest natural resource, the sea.

The last earthly frontier is at this very moment lapping at our shore-

lines. Thank you.
Now, speaking as a native Rhode Islander with a deep-rooted love

for the salt water and our many, many miles of shoreline, I hope that

by the production of this bill, by education and proper application, the

continual decay and pollution of our marshland may be arrested and
the irreparable damage will be stopped. I thank you again for per-

mitting me to come here today.

Senator Pell. Going to one point in your testimony as to the three-

State region from New London through Rhode Island to Cape Cod
and the offshore islands of Massachusetts, where it is said that 21 per-

cent of the aggregate income of the people there is derived from the

sea. How far in does that territory go ? Is that a strip that would go
up the northern border of Connecticut and all of Rhode Island ?

Mr. HoRTON. To my best information it is the costal area. I don't

think it would include the back extremities of Connecticut which would
become more agricultural.

Senator Pell. It would consist of the counties along the coast then ?

It would include all of Rhode Island ?

Mr. HoRTON. All of Rhode Island, yes.

Senator Pell, Basically it is the area that includes the Southern
New England Marine Sciences Association?

Mr. HoRTON. Yes, it is that area.

Senator Pell. That is the area that Dr. Horn and Dr. Knauss
spoke about ?

Mr. HortojST. Yes, sir.

Senator Pell. Another point in your testimony which I would
like to touch on is

;
you mentioned in your testimony a few moments

ago the question of pollution of marshland. I have here another bill

that I am trying to get advice on. Senator Tydings of Maryland had
introduced a bill on pollution, the Federal Water Pollution Contract

Act, and he actually mentions Rhode Island in his remarks. In our
State we have 4,500 acres of soft marsh and only 400 acres are ear-

marked for preservation. These same acres act as a nesting ground,
as I understand it, for fish and products of the sea.
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Mr. HoRTOX. Yes, indeed. A quick tour along our shoreline will

quickly show what has been happening to much of that very im-
portant natural area. There are people who are very eager to de-

velop their waterfront property, either for commercial or private en-

terprise. There are districts that can never be restored.

Senator Pell. Well, I am turning this thing over in my mind as

to whether or not I will cosponsor the bill.

Mr. HoRTON. I certainly would endorse it, Senator. I advise you
to.

Senator Pell. I understand. I will follow your advice and will

support it. Thank you very much for your testimony.

Our next witness is a man of great practical experience and
commonsense and wisdom. Mr. Jacob J. Dykstra, president of the
Point Judith Fishermen's Cooperative Association, and in bringing
him here we are lucky because he has a distinguished record of
achievement in both the business aspect of fisheries and the practical

aspect as well. We could not have a finer representative. Mr. Dyk-
stra, you may proceed.

STATEMENT OF JACOB J. DYKSTEA, PRESIDENT, POINT JUDITH
EISHEEMEN'S COOPERATIVE ASSOCIATION, POINT JUDITH, R.I.

Mr. Dykstra. Thank you for holding these hearings here today.
I realize that this bill provides for increased understanding and
development of the sea in many areas other than fisheries. However,
since there will be many eminently qualified witnesses appearing
to present their views, I will confine myself principally to the rela-

tionship of fisheries to sea grant colleges.

It has been reported with increasing frequency and by more and
more people that the U.S. fishing industry lacks vigor, its equipment
is old and obsolete, its fishermen old and tired, and that the situation
is steadily worsening, especially when viewed in relation to the fish-

eries of many other nations. There is some justification for this view,
and in my position I see many unhealthy conditions facing the fish-

eries. Let me mention a few

:

THE TECHNOLOGY

We are fishing with vessels that are much older and less sophisti-

cated than those of our competitors. This is not because the newest
methods and equipment are not available to us. If our laws allowed
it, we could have the most modern trawlers built in a number of
countries. We also have excellent engineers and capable yards and
manufacturers here at home. Our problem is not lack of know-how
but lack of application to fisheries.

THE MARKETS AND PRODUCTION

The trawl fishermen of New England experience widely fluctuating
prices for the fish they catch and often when even traditionally de-
sirable species are most available, the ex-vessel price is so low that
effort is curtailed or diverted to less available but currently more
marketable species.
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The processing plant operator geared to handling one or two species

is either overwhelmed with fish in times of heavy production and
thereby sometimes produces an inferior product, or is shut down or
running a fraction of capacity with resultant loss of competent per-
sonnel and crushing overhead.
Many species of lish go ignored or underutilized, not because they

are unappetizing to the consumer, but because they cannot be eco-

nomically put into acceptable form with the techniques and equip-
ment currently used by the industry.

The resources are there. It seems that everyone in the world wants
to fish off our coasts. Still it is generally agreed that there are many
unexploited fishery resources. The markets must also be there. Over
half of the fish consumed in the United States are not caught by
American fishermen.

THE MEN

Fishing vessel operators and those activities that back up the fleet

need young men who are real seamen if more sophisticated methods
and equipment are to be utilized. The land oriented, untrained and
poorly motivated are presently those generally available.

THE RESEARCH AND EDUCATION

The staffs of our marine oriented universities, colleges, laboratories,
and Government agencies, with a few notable exceptions, could appear
in nearby fishing ports and go completely unrecognized, frequently by
design. Traditionally we have been overrun by biologists studying
the fish. Mostly they are dedicated and doing an excellent job, but
they have watched the fishing industry go downhill. Valuable
assistance has been given in the most obvious trouble spots, but only
in narrowly confined areas.

Sea slanted programs at the high school and college levels are
almost nonexistent. Yoimg men who ask us how to acquire such
training get unsatisfactory answers.

^'VHiat are the needs of the fishing industry? Obviously there are
needs that are not being filled. "VVliat are needed are

—

1. Trained people, bright young sea-oriented men, not just to
be fishermen any more than all men concerned with land resources
are dirt farmers, but a broad base of people who are interested
in using the sea's resources as well as studying them.

2. Application of presently available and ever increasing new
equipment and techniques. We must do a better job of develop-
ing and applying new technology to resources and the markets
not just in the area but all the way from the ocean to the con-
'sumer.

I believe that sea grant colleges can fill this need. Why ? Because
of past frustrations and more recent brief but extremely promising
experiences. Recently the Graduate School of Oceanography and the
Department of Food and Resource Economics at the University of
Rhode Island joined together in what is to us a new and most hearten-
ing approach. They have brought together in projects, for us, bi-

ologists, resource economists, home economists, engineers and bio-

chemists from their respective colleges and departments, who, through
cooperation on these and other marine problems have become ac-
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customed to working as a team. They can bring their talents to bear
on all phases of a problem and are anxious to see successful operations
develop rather than just make a study each in his own field. The
University of Rhode Island is already in a modest way fmictioning
as a sea grant college should. With proper fmiding and as a part
of a national program of similar activities we are sure that this be-

ginning will expand, and be expanded into an increasingly meaning-
ful and continuous relationship. Also, nearing in reality is .a 2-year
course at the University of Rhode Island for fishermen. This school,

I am sure, will provide not only fishing captains for Rhode Island
vessels, but also captains for many other fleets and future leaders and
technical experts in widely diverse marine activities.

The provisions of this bill which should be retained and emphasized
are

—

1. Training of people who will be sea people and work on and
in the sea to put the tools and knowledge provided by research
and development to productive use.

2. Training of people whose duty it shall be to transmit new
knowledge and techniques and demonstrate available equipment
to industry.

3. Make available to individuals, corporations, and organiza-

tions grants and loans to effectively carry out special projects and
programs.

It is my belief that sea grant colleges on a national scale will bring
to bear upon marine activities the broad range of knowledge ,and

talent at each college or university rather than attempt to duplicate
them in self-contained and relatively isolated miits. I strongly en-

dorse S. 2439 and desire its enactment into law without undue delay.

Senator Pell. Mr. Dykstra, I think it would be interesting and help-

ful if you would put on the record your many years of experience
which you have spent in fishing and your occupation as of now. Are
you a captain of a fishing boat ?

Mr. Dtkstra. I am a crewmember. The boat is out fishing today
and I coiddn't be here today if I had gone fishing. I go fishing with
my brother. I used to have a boat of my own but I gave it up to do
this kind of work.

Senator Pell. How many years have you spent fishing?

Mr. Dykstra. Well, I was at URI during the war and I went into

the Navy from URI and when I got out of the Navy I started fishing.

That was in 1946, and I have been fishing since.

Senator Pell. In other words you have spent most of your working
life, well, all of your working life on the sea, is that right?

Mr. Dykstra. Yes, my father was a fisherman before me and his

father before him.
Senator Pell. Thank you, I just wanted to get that on the record

because there are very few men with as much practical experience as

that. We are lucky to have you here today.

Now, I was struck by one point in your testimony and that is the
difficulty you have in getting young men who are willing to accept
the hardships of the sea and go to sea and learn the trade. I was
curious about that in connection with the fact that we have a room full

of young people from high school and the college here. I wonder if

any of you young people, boys I think they might be, who are inter-
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ested in a life of fishing, would like to be fishermen, would hold up
their hand so we could get an idea.

(Whereupon, Senator Pell counted any hands raised as requested.)

Senator Pell. I think that the record should show that out of, maybe
200 young people here from our maritime State, only 3 are intierested

in going to sea to make a living. That is a rather sad reflection which I

hope will be remedied with the passage of this bill or other measures
of this sort.

We had a private conversation one time, which I think should be

put on the record, as to the problems you face in getting a young man
to go to sea with you. As I understand it you do not want to take a

young person with you unless there is some indication that he will

stick with you for quite a while, is that correct ?

Mr. Dykstra. That is correct, sir, and it's not only that there has to

be some indication that he is going to stick with us, but it is also very

difficult to take a yomig man who has had absolutely no training at

sea and take him as part of the crew. Not only has he no training at

sea but he has no training in the skills which are necessary aboard a

fishing boat at sea. We have young men that go up and down the

docks asking fishing captains to take them fishing with them, and at

the same time we have a number of vacancies on fishing vessels. Some-
time I will try to bring these two together and the vessel captain will

say to me, "Wliat sort of experience has he had ?" And, "Wliere has he
fished before?" I say, "He is just willing. He has no experience."

The captain says, "I have to have someone with experience. If some-

thing goes wrong with my net I need someone with experience who
can help the rest of the crew." They are just very reluctant to take a

young man who has had no experience. The result is that you gen-

erally have to have some sort of a connection, such as a relative or

friend on a boat who will take this young lad aboard and kind of take

him under his wing for a while and teach him, have him there during
this training period.

Senator Pell. So, it would be almost impossible for a young man
from Woonsocket to go out there with no connection and get a start

with a fisherman ?

Mr. Dykstra. It would be very difficult. I'd say that if he did get

aboard a fishing vessel, he would get aboard one of the less productive

vessels because that vessel would not be making much money and he

would have to take a man of this sort just to get a crew, so that when he

gets aboard a vessel he'd learn all the wrong things when he started

out.

Senator Pell. Am I correct in stating that you have your fish-meal

factory worldng all the time and you are perfectly willmg to take in

young people to work for you there, but that you have a hard time

getting people ?

Mr. Dykstra. That is correct.

Senator Pell. So that when they say it is difficult to get employ-

ment of any sort,, that is not correct, particularly on the night shift

there you have openings ?

Mr, Dykstra. We already have some college people there, in fact,

we hope they stay.

Senator Pell. But you could use more ?

Mr. Dykstra. Yes.
Senator Pell. How many fisherman are there in Rhode Island ?
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Mr. Dykstra. Well, our port at Point Judith has the bulk of the

fishermen in Rhode Island. Newport has some. We have fishino- out

of our port probably 125 to 150 fishermen. I would say that in New-
port there would probably be based right there, maybe 25 or 30, and
some of the out-of-State boats are laying there, but they are not Rhode
Island fishermen. Now, this is trawl fishermen and trawlers. If
you asked me, like how many fishermen there are including the trap-

pers, we call them shell fishermen, pot-lobster fishermen, ones who are

part time in and out, and so on, why there would probably be more
fishermen to be counted, but as far as trawl fishermen go that's about
it.

Senator Pell. Would you say there are more than 1,000 people
that are fishermen of one sort or another in the State, lobster, shellfish,

trawlers, and so on ?

Mr. Dykstra. If you were to include shell fishermen, yes, there
would be.

Senator Pell. And in connection with insurance rates, since your
profession is a relatively hazardous one, do you have any problem in

getting insurance for your men and the boats ? How do you arrange
rates ?

Mr. Dykstra. This is a very great problem in many places. We
are very fortunate in our cooperative. We have a complete program
based on our experience, and so far we have been successful in keep-
ing the rates well below, for instance, New Bedford. But many ports

and vessel operators find this one of the most difficult things that they
have to contend with. I am not saying that we couldn't have a great
deal of difficulty overnight, and be in the same boat that they are in.

We just happen to have a rather unique situation in that regard.

Fishing vessel operators throughout the country have that insurance
problem.

Senator Pell. Isn't lobster pot fishing even more hazardous than
your trawl fishing ?

Mr. Dykstr.\. I would say perhaps, yes, but this is a different type
of operation. You haven't got the same situation. Most of these

are a one-man, or sometime, a two-man operation. Most of the time
they fish alone. We wouldn't think of going out to sea without com-
plete insurance coverage.

Senator Pell. Returning to the general purpose of the bill, that is

the exploitation of the knowledge we already have. How many fish

that you catch would you call "trash fish," that get thrown back into

the sea ?

Mr. Dykstra. Well, of course we do have a plant which utilizes

these "trash fish" now.
Senator Pell. So, you would throw nothing back into the sea as of

now
Mr. Dykstra. Well, that would be or might be a very bad im]U'es-

sion because we are asking other people if they are throwing anything
back into the sea. We try to use commonsense as far as conservation
goes. In other words we don't just go out and try to catch everything
that we possiblj' can and bring it in. But we do use all species of fish

excepting for one or two species.

Senator Pell. Thank you very much, Mr. Dykstra, for giving us
this valuable time and your special specific knowledge. Indeed, we
are very grateful to you.
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Our next witness is Dr. William H. Drew, associate clean of the

University of New Hampshire Graduate School. We have tried to

give as broad a degree of coverage as possible to this hearing. We
have representatives from Massachusetts, from Connecticut, and we
have television from Maine. All the States in New England will be

represented one way or the other.

STATEMENT OF DR. WILLIAM H. DEEW, ASSOCIATE DEAN OF THE
GRADUATE SCHOOL, UNIVERSITY OF NEW HAMPSHIRE

Dr. Drew. Senator Pell, I bring you greeting from our 17 miles of

shore front in New Hampshire.
Seriously speaking now as recording the testimony already given

I want to add that as recorded in the proceedings of the "Conference
on the Concept of a Sea Grant University," held at Newport, here in

Rhode Island, last fall, we at the University of New Hampshire
strongly favor the sea grant college idea as outlined in Senate bill

2439. There is a vast variety and amount of resources in the sea that

are available on a first-come, first-served basis. These sources can
'change the fate of New Hampshire, the United States, and of civiliza-

tion itself. For our country not to be in the forefront in developing

practical means of exploiting these resources is unthinkable. The
mere fact that we, at the moment, are not facing starvation without

food resources from the sea, is not an adequate reason to allow a lag in

developing marine technology. Increasing the marine expertise of the

United States will undoubtedly be important to the betterment of

mankind and to the economic and technical security of the Nation.

There is little doubt that the next generation will see vast improve-

ments in man's ability to survive in and to control the forces at work
on the surface and within the depths of the seas. Dean Spilhaus and
others have specified the potentials of this new era far better than I

could hope to do.

As a product of the land grant college and one who has been closely

associated with several colleges of agriculture, I can, however, state

my conviction that the land-grant concept is an excellent type of

framework within which our scientific manpower can be placed in

order to provide the research, the technical application, and the edu-

cational and service needs of the country in the marine areas.

The undeniable fact that we lead the world in the human efficiency

of our food production units is one kind of evidence that the land grant

college system has worked well for American agriculture. The United
States is currently producing an abundance of food and fiber with

considerably less than 10 percent of our total working force, while

the Soviet Union requires over 40 percent of its labor force to produce

somewhat limited supplies of food for its population. Although part

of this striking difference can be attributed to the political and eco-

nomic organization of the Russian farm units, it is the efficiency and

the teclinical means available to the American farmer that loom most

important. When Mr. Khrushchev came to the United States, it was

our farms and farming methods that most excited his interest. One of

our biggest current contributions to the underdeveloped nations of the

world is that of providing them with technical know-how in agricul-

ture. On the other side of the coin, it is quite evident that the Soviet

Union does not covet the American fishery, nor are foreign countries
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looking to us for leadership in the marine sciences. This state of
affairs should not be allowed to continue.

Because the land grant college system worked so well in the past

century in the areas of agriculture and the mechanical arts, I believe

that with some modifications it provides the same opportunity today
for development in marine areas. It does not seem necessary to dupli-

cate the land-grant college as it existed wlien first established. This
would involve building new campuses, colleges, and experiment sta-

tions in many areas of the country. At the time of the emergence of

the land-grant college there was not in existence a large number of
organizations that would serve as a firm base for the building of new
programs. Today this alternative does exist in the form of many
institutions which are currently engaged in research and teaching in

the marine area. These facilities should be used to their fullest extent.

I would like now to refer to the University of New Hampshire as

only one of numerous institutions which already have some of the

basic ingredients for a coordinated program in the marine sciences.

My purpose is to show that it would l3e unwise to duplicate these

ingredients. Although we would be very interested in cooperating
in the sea grant idea, I am not trying to make a particular case for the
University of New Hampshire. My reasons for favoring the proposed
legislation are much broader than any particular benefit that might
accrue to our institution. I use the University of New Hampshire
only as the example with which I am most familiar.

As many of you know, the university is located adjacent to one of the

largest estuaries on the Atlantic coast, which contains or consists of
Great and Little Bays, into which flow seven major rivers. The tide-

water area covers about 16,000 acres, containing many productive clam
and oyster beds and an abundance of lobsters and salt-water fish.

Great Bay provides not only an ideal laboratory for marine biologists,

but a ready access to the open sea for scientists interested in the many
areas of oceanography.
As early as the 1920's the I'niversity of New Hampshire maintained

a marine biological station on the Isles of Shoals, located off the coast

of New Hampshire. This station, wliich was discontinued during
World War II, will be replaced with a modem laboratory on the shore
of Great Bay. This facility will make it possible for us to expand our
research program on estuarine studies and provide laboratory facilities

for an increased numl^er of students. The mere announcement of the
funding of tliis laboratory has produced a noticeable increase in inquir-

ies from potential graduate students who are interested in working in

the area of marine biology. A further indication of increasing interest

in the marine science areas is the fact that Cornell University has re-

cently made arrangements to use the facilities as the Isles of Shoals
during the summer months. We are currently developing with them
a cooperative arrangement in this area.

In the engineering area we have the recently established engineering
design and analysis laboratory within our college of technology. This
laboratory is a formal partnership of 20 faculty members who have
banded together for the purpose of providing themselves and their
students with experience in working on actual engineering projects,

most of them associated with the exploration and exploitation of the
ocean. Our first concern, of course, is that of educating superior
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engineers. We believe that this focus on the challenging problems
of oceanography provides the necessary ingredients for engineering
education and practical research program. Currently this laboratory
is working under contract with Government agencies and industry on
such problems as precise navigation, the improvement of man's ability
to survive in the depths of the sea, the use of satellites to gather
oceanographic data, and the tracing of temperature contours in the
deep ocean. The students response to this program has been excellent.

However, sustaining the program through specific research grants will

be a problem. Support on a broader base would be very desirable.

Our resources development center, composed primarily of a gi^oup
of social scientists, is working on various phases of the development
•of human and natural resources of the State. Their studies are con-
cerned with developing recreation and commercial fishery enterprises,

as well as ocean-oriented industries.

In the process of approaching the problems of the marine sciences

through formalized research and education groups, we find that effec-

tive programs require the coordination of the total resources of the

university. The inter-disciplinary centers and institutes must co-

ordinate, but their effectiveness rests upon the proper use of the total

offerings of the university. Therefore, we do not feel that it would
be wise to establish new colleges or universities to meet a specific need.

It is suggested that a more desirable approach would be to change the

orientation of some existing personnel and facilities. While it is

necessary for the ocean-oriented physicist to know considerable about

the environment of the sea and its special problems, he should be first

and foremost a physicist. A few specialized centers may be a reason-

able means of approaching some of the basic research needs. If,

however, we are also to consider the application of research to specific

problems and the extension of the results to industry itself, it is doubt-

ful that such centers would meet the need. To have an effective

extension and applied research program, it must be administered

close to home.
Programs of the type mentioned above receive great benefit from

the proposed legislation, which would also be beneficial to the State of

New Hampshire. Our limited amount of sea coast, which provides

excellent access to the ocean, accounts for a commercial fishery whose
total annual product landed in New Hampshire is valued at above a

million dollars, although many of the fish and lobsters caught off our

coast are landed in ports in Maine and Massachusetts. We feel that

the value of this fishery could be increased considerably with new prac-

tical research results. As evidence of this belief, the State of New
Hampshire has recently instituted a division of marine fisheries, which
is currently conducting an embryonic research program. Since New
Hampshire is strongly dependent upon recreation as a source of income

to the State, we are extremely interested in preserving and improving

our seashore areas. Much of the industry located in our sea coast area

is concerned directly or indirectly with the marine sciences.

If it does not seem feasible to build new sea grant colleges in the

manner that land-grant colleges were built in the last decade, one

might wonder if the whole idea is not out of fashion. Simply because

a different method of implementation is indicated does not mean that

the idea is no longer valid. The fact that the sea grant concept attacks

an important problem on a broad basis is what makes it so appealing.
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A mere increase in our efforts in basic research, in applied research,

in education, or in service work will not bring about the desired re-

sults. These areas must be attacked simultaneously. This very fact

was the reason for the overwhelming- success of the land-grant college.

Commercial fisherman or oil well drillers will not benefit for many
years from the results of today's basic research unless an effective ex-

tension-type program is in operation. An extension program cannot
be successful unless basic and applied research programs are in opera-
tion. Furthermore, neither research nor extension program.s can func-
tion effectively unless our educational institutions are turning out
qualified personnel.

It is not easy to develop a plan for initiating a sustained effort along
a broad front. I believe, however, that Senator Pell's bill is such a

plan and that it is workable. In adhering to the land-grant concept,
this bill makes it possible to provide unrestricted funds to agencies
interested in and capable of increasing the countiy's competence in

marine matters. I strongly urge that a major portion of the funding
under this program should be in the form of institutional grants.

Continuing broad-based financial support is essential to the program.
Perhaps I could best exemplify my statement by referring again to

the University of New Hampshire. Our water resources research
center was funded mider the Water Resources Research Act of 1964
in a manner similar to that suggested in the proposed legislation we
are considering today. Basically, this act, which is concerned with the

problems of providing adequate and safe fresh water supplies, pro-

vides for institutional grants for research and education programs.
Additional moneys are available on a matching fund basis for indi-

vidual research projects. Prior to the initiation of the center, three

of our departments Avere cariying on good, but uncoordinated, research
projects related to water problems. The lack of coordination was not
intentional, but existed primarily due to a lack of a common goal. We
are now completing the second year of operation of this coordination
program, and the results have been quite astounding to me in the

following respects

:

1. I find that faculty members who previously did not even know
each other are now submitting joint research projects.

2. The degree of cooperation with our State agencies has increased

manifold.
3. Undergraduate and graduate student interest in this area has

been stimulated.

4. Many additional departments in the biological and physical

sciences are cooperating on research programs.
5. The economists and sociologists now have research projects con-

cerned with water.

6. In filling vacated and new faculty positions, vre are now making
a coordinated effort to recruit competence that we have unknowingly
lacked in many of the areas crucial to the program.

I see no reason why these same results could not be achieved in the

marine area.

To mobilize scientific manpower and facilities toward achieving a

given goal is not something that can be done with money alone. It

is imperative that the program be conceived in a manner that

assures cooperation between scientists and technicians and allows for
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the approaching of problems along the broad fronts of research, edu-
cation, and extension. I believe that tlie proposed sea grant college

program fully meets these criteria. Thank you.
Senator Pell. Thank you. Dr. Drew. To get a little more back-

ground for our committee would you state what your specialization is ?

Dr. Drew. I am a resource economist.

Senator Pell. ^Vliat does that mean ?

Dr. Drew. One who is trained in the basic field of economics, but
specifically trained in research areas allied to agriculture.

Senator Pell. I am still confused as to what the definition of re-

source economist is.

Dr. Drew. That is an economist who is interested in the practical

aspect of developing resources.

Senator Pell. It could be mineral, agricultural, sea, or land re-

sources, right ?

Dr. Drew. Practical exploitation, right. The difference between
a regular economist and a resource economist is that the latter has more
expertise in carrying out a practical resource program.

Senator Pell. So, from your viewpoint, this bill is right up your
alley because it seeks to take the theoretical knowledge that we have
and make it more available to exploration.

Dr. Drew. That is correct, that would be our area.

Senator Pell. Do you have any thought as to where the administra-
tion of this bill should be placed? Should it rest with the National
Scientific Foundation or the Smithsonian Institute ? Do you have any
thought on that ?

Dr. Drew. Well, I did prepare a statement for the meeting that was
held in Newport, R.L, in which I expressed the idea that I did not
think it should be put in the hands of the National Science Foundation
which has a very good record in supporting very good research proj-

ects in another area. I can't quite envision the National Science Foun-
dation getting into this sort of thing, this sort of operation.

Senator Pell. Do you have any specific suggestions for improving
this bins. 2439?

Dr. Drew. Well, other than what I mentioned as to the fact that I
had some real doubt as to the National Science Foundation administer-
ing the bill. I have some doubt about the centers of excellence concept.

I don't think the centers of excellence can hope to work this type of

program because they have to be administered close to home.
Senator Pell. Thank you very much. Dr. Drew. We are particu-

larly lucky to have the testimony of an economist whose field is the

utilization and exploration of all the resources that we have. Thank
you. Dr. Drew.

Dr. Drew. Thank you. Senator Pell, for allowing me to testify.

Senator Pell. Our final witness is Dr. Richard J. Benoit of Col-
chester, Conn. Dr. Benoit is a member of the executive board for the

Southern New England Marine Sciences Association and he is highly
respected for his marine work. Will you proceed, Dr. Benoit?
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STATEMENT OF DR. RICHARD J. BENOIT, MEMBER OF EXECUTIVE
BOARD, SOUTHERN NEW ENGLAND MARINE SCIENCES ASSOCI-

ATION

Dr. Benoit. The National Sea Grant College and Program Act of

1965 has been stated to be in tha public interest by many fine men who
have been before this committee and I hasten to add my endorsement
to that statement. The committee is no doubt thoroughly familiar

with the proceedings of the recent Sea Grant Colleges Conference at

Newport, R.L, cosponsored by the University of Rhode Island and
Southern New England Marine Sciences Association. So there is no
need for me to review the ideas presented there. Dr. Spilhaus' key-
note address at that conference has been read into the Congressional
Record, as you know. I would also call or recall your attention to the

1964 National Academy of Sciences-National Research Council report,

"Economic Benefits From Oceanographic Research."* That document
states the case far better than I might with regard to the ways in which
the public welfare will be benefited. The sea grant colleges program
seems to me to be the proper educational foundation for the Fedei^al

program we can all see evolving.

Working in industry' I am prol)ably more accustomed to jastifjang

proposed course of action on an economic basis than are my university

colleagues. I do not, however, think we are in this instance dealing
with a system that can be subjected to economic analysis except by
making many cumbersome assumptions, all subject to challenge. I

think we must rely confidently on the example afforded by the history

of the land-grant college program.
Let me state parenthetically that I feel strongly that the sea grant

program would be weakened by any attempt to provide means for full

and direct participation by States that are not marine coastal or Great
Lakes States. The available resources miglit be diluted to the extent
that any single State's activity would be ineffectual. My own per-

sonal suggestion for broadening the geographical basis for partici-

pation would be to provide appointments to sea grant institutions by
Congressmen from States with no sea grant college, in the same gen-
eral way as appointments are made to the Federal Service Academies,
of which one, tlie Coast Guard Academy at New London, is a valued
landmark of my home State, Connecticut.

In my student days, I worked at the Connecticut Agricultural Ex-
periment Station in New Haven. I found the atmosphere there to

be ideal for productive research. The station worked in contact with
industry in the development of agricultural chemicals and equipment,
with farmers on the application of new knowledge, and with the scien-

tific and academic community at large in the interchange of new
knowledge. That partnership assures the prompt application and
exploitation of the fruits of research. The sea grant colle<2,e program
can, I am confident, assure the same success in the seas that we now
enjoy on the land. The committee should, I feel, consider amend-
ments and establish administrative or policy machinery that will pro-

mote the participation of industry in the program.
Senator Pell. I am not sure I would go along with your thought

on congressional appointments to those institutes that get grants be-

cause, being in that position myself, I see how very difficult it is in

02-996—00 10
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the implementation of the congressional appointment. I'd like to see

more boys interested, other young people, where, maybe, they could
apply from inland States to institutions that had a grant.

Dr. Benoit. My suggestion wouldn''t necessarily be restricted to a

formal appointment plan, but rather to a provision, a method of as-

suring a 50-State participation worked from a standpoint of students

from the States in the inner part of the country. One of the difficul-

ties in planning a fishing industry in this country is due to the fact

that we can only draw on the community or communities that are right

on the coastline. I am sure that there are many young men, and per-

haps young women, from Kansas, Colorado, States of that kind, where,

if the specific opportunity were presented to them, they would be glad

to turn their attention toward a career in the marine industry, includ-

ing fisheries.

Senator Pell. Another point in connection with your final state-

ment that we should consider amendments and establish administra-

tive or policy machinery that will promote the participation of in-

dustry in the program.
I wonder if you could be more specific. Do you have any amend-

ments in mind?
Dr. Benoit. I believe that is in your printed statement, the way

that industry participates in agricultural operations. It is on an

informal basis although several agricultural firms have established

grants for research. I have in mind, specifically, a fellowship from
an agricultural experiment station doing research on insecticide chemi-

cals. Industry cooperates with the universities in one way by making
specific grants for research projects, and also by taking on the uni-

versity scientists as consultants. This program has been well received

and has worked out fine in the field of agriculture. I know it can be

worked out in the marine sciences.

Senator Pell. I have a great deal of respect and admiration for

your reputation in this field. I was wondering if you would like to

leave the record open for a week or so and you can submit for con-

sideration any specific amendments and changes to the language of

the bill that would achieve that objective. I am not sure just how
we would put this in writing, what you are talking about. I am not

sure I fully understand what you are saying.

Dr. Benoit. Well, I am not sure that I have given the problem
enough thought. I am not sure that a week or 2 weeks would be

enough time to do that, but I will do the best I can. I will get some
of my colleagues together at work and see what we can do in that

time.

Senator Pell. Specifically as to the suggestion of the sea grant col-

lege program, how it could be set up in order to assure a more direct

participation in industry.

Dr. Benoit. I will do what I can.

Senator Pell. And, for the record, what is your position within

your corporation ?

Dr. Benoit. I am chief of marine sciences at the electric boat divi-

sion of General Dynamics.
Senator Pell. This lends authenticity to the testimony that you

gave because your corporation is one of the leading ones in this field,

and speaking as a Senator from Khode Island it is also of great eco-
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nomic importance to our State since so many of our people work there.

I appreciate ver}^ much, Dr. Benoit, your coming here today and be-

ing with us. The record will be left open for a period of time. You
may submit any thoughts you have relating to this industrial appli-

cation. I like the idea, I just don't quite know how we should take

hold of it.

Xow, in closing I would just like to say that I am impressed with the
arrangements that have been made by the University of Rhode Island
for today's session. We want to thank you, Dr. Horn. Also I would
like to say to the students present here today that you have seen the

Federal Government in action. I hope that you have enjoyed the

hearing. I want to thank all of those people that traveled to Rhode
Island today from New Hampshire, Connecticut, and Massachusetts.
Rhode Island is a small State, but w^e appreciated it.

(Whereupon, at 12 :30 p.m., the hearing was recessed to reconvene
Tuesday, May 3, 1966, in Washington, D.C.)
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TUESDAY, MAY 3, 1966

U.S. Senate,
Special. Subcommitit.e on Sea Grant Colleges
OF THE Committee on Labor and Public Welfare,

Washington, D.C.

The special subcommittee met, pursuant to notice, in room 4232, New
Senate Office Building, at 10 a.m., Senator Claiborne Pell (Chairman)
presiding.

Present: Senators Pell (presiding), Kennedy of Massachusetts, and
Murphy.
Committee staff present : Fitzhugh Green, special assistant to Sena-

tor Pell: Stewart E. McClure, chief clerk; Roy Millenson, minority
clerk.

Senator Pell. The Subcommittee on Sea Grant Colleges, bill S.

2439, will resume its sessions after a day of hearings at the University
of Rhode Island yesterday.
As chairman of the subcommittee I made an opening statement yes-

terda}' which will appear in the record, and to save the time of the wit-
nesses, there is no particular need to repeat my statement. I think
the first witness who was scheduled to be here, a fellow committee mem-
ber. Senator Kennedy of Massachusetts, is not here yet.

Is Re])resentative Rogers here ? Pie is not here.

Then I think we will move straight ahead with the executive depart-
ment witnesses, and if you will excuse me, we will put in the legis-

lative witnesses as they come in.

Is Dr. Bates here ?

Dr. Bates, will you come forward, please.

Dr. Bates is science adviser to the Department of the Interior and
is coming here in behalf of his Department.

STATEMENT OF DR. THOMAS P. BATES, SCIENCE ADVISER, DEPART-
MENT OF THE INTERIOR ; ACCOMPANIED BY DONALD McKERNAN,
DIRECTOR, BUREAU OF COMMERCIAL FISHERIES; AND HOWARD
ECKLES

Senator Pell. Would you identify yourself and also the gentleman
accompanying you ?

Dr. Bates. Yes. I would like to introduce on my right Mr. Don
McKernan, who is Director of the Bureau of Commercial Fisheries

Senator Pell. Speak up a little louder so the people in the back can
hear you.

Dr. Bates. Donald McKernan, Director of the Bureau of Fisheries,

Department of Interior, and also I have with me in the audience my
assistant, Mr. Howard Eckles, who I believe you met at Rhode Island.
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Senator Pell. Right. If lie would like to sit with you at the table
he may do so. Any people in the audience interested in this subject
who cannot hear, wave your hand and we will ask the witnesses to
speak up or myself to speak up.

Dr. Bates. We also have representatives of the Geological Survey
and the Bureau of Mines in the audience in case there are questions
you might like to address to them.
With your permission, I would like to read a brief statement.
Senator Pell. As you know, we have asked the witnesses to confine

themselves to 10 minutes on their presentation.
Dr. Bates. I think that will be sufficient.

Senator Pell. I think your statement is about 20 minutes.
Dr. Bates. I will be glad to trim it down if it moves that far along.
It is my pleasure to be here today on behalf of the Secretary on the

second day of your hearings on S. 2439 and the sea grant college
concept.

I have been following Dean Spilhaus' idea with great interest ; from
the point of view of a university scientist as well as from my position
in the Department of the Interior.

I am presently on leave from the Pennsylvania State University
which shares the honor with Michigan State of being one of the first

two land-grant colleges of the country. Although it is not situated on
the sea, nevertheless like many inland institutions, scientists, and en-
gineers in many of the departments at Penn State have outstanding
competencein oceanographic research and development. Several of
my university colleagues as well as a number of my associates in the
Department of the Interior have told me about the success of the Sea
Grant College Conference sponsored by the University of Rhode Island
last October. Since then I have read the proceedings of the conference
and a number of excellent releases about the concept. These have
brought forth many striking proposals and ideas for new and better
uses of the oceans. The complete record and information which
you have already developed on the opportunities which lie ahead
through expanded research and engineering approaches to ocean
developments leaves little room for an original or new contribution
from my Department. I have noted at least 20 imaginative suggestions
from Dr. Spilhaus which range all the way from a Lewis and Clarke
Expedition across the bottom'of the Atlantic and Pacific to a future
need for fish veterinarians to take care of fish in sea farms. I also
note the emphasis on the importance of engineering in developing the-

resources of the ocean.
Mr. Spilhaus and others have described the special problems affect-

ing standard materials in the marine environment, such as corrosion,
fouling, and destruction by boring organisms. These are some of the
ocean engineering problems which man has been fighting for centuries.
But there are some new aspects of ocean engineering, however, which
we have scarcely recognized. These are the problems of using new
materials and new technology, already available for use on land, to-

develop imaginative new ways of harvesting ocean resources and to
create the kinds of oceanic condition which will improve upon the
natural productivity of the sea. To do this we must occupy the ocean,
not merely probe blindly through the surface or take momentary peeks
at its contents from small submersibles. There are rich prizes that lies
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unclaimed in this vast unexplored domain, and our Nation must press

forward more vigorousl}^ toward this new frontier if we are to be com-
petitive with other nations. We need to take much more seriously

our responsibility to communicate our present fund of knowledge of
the ocean and its resources to the people who can use it. This need will

become ever more acute as we begin to apply modern engineering tech-

niques to the problem. A remarkably large amount of scientific knowl-
edge is available, but largely unused, because it is buried in the scien-

tific literature, expressed in terms incomprehensible to the layman even
if he knew where to put his hands on it. This communication failure

is partly responsible for the primitive condition of our fisheries and
also for the state of our ability to mine the ocean waters and bottoms
for minerals and fossil organic substances. The universities are the

natural media for translation and dissemination of knowledge to the

country. One important purpose of this bill is to provide for closer

teamwork between the Government and the universities in achieving
these objectives.

In our opinion, S. 2439 states two important purposes to be satisfied

through a new program of financial support to colleges, universities,

and other organizations. The first of these is to carry out the research,

development, and applied work necessary to leam how to use the oceans

as part of our environment following the same concepts that we have
applied to use of the land. Thus we can regard the oceans and sea

bed as areas which produce food, minerals, and chemicals, which can
provide energy and be used for recreation, but which also can be pol-

luted and spoiled if we do not follow proper conservation practices.

The intent here is to seek practical applications, carry out management,
and promote industrial advancement. The second intent is to create

an expanded capability for training scientists, technicians, engineers,

and others needed to accomplish this first objective.

The Department of the Interior firmly believes that more and more
emphasis must be placed by the Federal Goevrnment, the States, edu-
cational institutions, industry, and other public and private organiza-

tions and individuals on improving the Nation's capability to obtain
and use wisely our marine resources. S. 2439 is designed to supply
this emphasis on the national level. Legislation along the lines of the
bill is needed to supply the focus that is required in the field of marine
science.

The concept of developing skilled personnel, such as engineers and
technicians, to exploit our marine resources is sound. We agree that
the National Science Fomidation should play a major role with respect
to basic research and scientific education in this area. We believe,

however, that the Department of the Interior must continue to play a
major role in programs aimed at exploiting marine resources because
of our present expertise in basic marine research and in the manage-
ment and development of these resources.

In explanation of this positon I wish to refer to the declaration of
purpose and recommendations for implementation of this bill as stated
on pages 2 to 4.

The marine sciences programs of the Department are directly con-
cerned with the research, development, and applied aspects of these
purposes. To a lesser extent we are involved in the training and edu-
cational aspects. Interior has the major responsibility for the Gov-
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ernment to administer and manage the resources of the Outer Conti-
nental Shelf. This applies particularly, under the Outer Continental
Shelf Act, to the mineral resources, but does not exclude responsibility

for research and study of the li^dng and nonliving resources in the sea.

A brief description of present programs will show the strong paral-
lel that exists between Interior's responsibilities in the marine sciences

and the intent of S. 2439. The Bureau of Commercial Fisheries has
extensive fishery research in coastal and offshore watei"S with the in-

tent of increasing natural and world protein supplies. The Bureau
of Sport Fisheries and Wildlife carries out research for the purpose of
improving marine recreational fishing. Funds for fishery oceano-
gaphic research in fiscal year 1966 totaled $17 million and involved $3
million in direct support to universities and colleges.

Examples of recent accomplishments in research, surveys, and ocean
engineering carried out by the Bureau of Commercial Fislieries are

:

(1) Use of new understandings of large scale variations in the
physical properties of the ocean to make predictions of the availability

of a nmnber of commercially important species of fish

;

(2) Discovei-y of large unexploited fishery resources such as hake
and anchovy off Washington, Oregon, and California, or shrimp in

the Aleutians or off South America

;

(3) Engineering development of fishing gear permitting, for the

first time, tlie capture of large quantities of fish in midwater, such as

the Pacific coast hake.
Programs in marine geology and marine minerals research and de-

velopment, while of modest scale at the present time, have been ex-

panding and are beginning to show promising results.

The Geological Survey has mapped and undertaken a comprehen-
sive study of the geology and geophysics of the Atlantic Continental
Shelf and slope off the United States.

If any of your are interested, by the way, I have brought a copy of
that map with me that we can show you later.

An example of the practical utility of this program was the delinea-

tion of a large gravel deposit in shallow water off the New Jersey
coast. Private sand and gravel interests have already begun studies

of the feasibility of dredging the gravel for use in areas of the east

coast having short supplies of concrete aggregate.
A very recent Geological Survey publication reports a vast pave-

ment type deposit of manganese on the Blake Plateau off the northern
Florida and Georgia coasts extending throughout an area of about
1,900 square miles. The thickness of the deposit isn't known as yet
but some materials that were dredged from the deposit suggest the
pavement may be as much as 4 feet thick in places. This deposit is of
exceptional interest to industry because it lies in relatively shallow
water, is near land and appears to be sufficiently extensive to become an
economic resource.

As is well known, the Department has the saline water conversion
program which is now reaching stages of practical application in many
areas.

As I have mentioned, the Outer Continental Shelf Lands Act in-

volves the leasing of Federal offshore lands for the development of oil,

minerals, and chemicals and the management of these resources. The
Department has its future policy considerations and responsibilities
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in respect to the Outer Continental Shelf under study at the present

time. The aim is to provide increased leadership in the development
of offshore resources through cooperation with industry, the scientific

and engineering community, and the coastal States.

Permits have recently been issued to a private company to shallow-

drill exploratory holes on the outer slope of the Continental Shelf in

the Gulf of Mexico, This is indicative of the present industrial trend

to extend extractive operations seaward from the more shallow water
coastal work which has been done in the past.

The extent of industrial activities managed by the Department on
the Outer Continental Shelf are shown by the statistics of mineral
production from the Federal leases in 1965 which follow

:

Table 1.

—

Mineral production from Federal leases, Outer Continental Shelf, 1965

Commodity



148 SEA GRAIsT COLLEGES

AVe are at this time taking steps to obtain broader authority than

is now avaihable to the Secretary of the Interior for the support of

research and development in colleges, universities, industry, and pri-

vate and nonprivate research institutions. This will enhance con-

siderably the Department's ability to effect marine geological and
mineral resources research and development through extramural pro-

grams. A combination of this new authority being sought with that

now available will give the Department of the Interior ample admin-
istrative mechanisms to use in carrying out the intent and purposes
of much of the program provided for by S. 2439.

In summary, Mr. Chairman, we support the purposes of the sea

grant college bill. We recognize the desirability of more extensive

participation in marme resources developments by colleges and uni-

versities. We believe that the National Science Foundation should
increase its support of basic research and scientific education in areas

of oceanographic activity ; and that major responsibility for programs
aimed at exploiting marine resources should continue to be vested in

the Department of the Interior.

Thank you very much, Mr. Chairman, for this opportunity to pre-

sent our statement.

Senator Pell. Eight. Dr. Bates, I thank you very much. As I

would interpret your testimony, you think it is an excellent idea but

you think you should administer it. Would you think that would be

it, in capsule form ?

Dr. Bates. In capsule form, definitely, but not to the exclusion of

other agencies like NSF.
Senator Pell. One thought I have had in mind is that this program

for the practical exploitation of knowledge we already have might on
a temporary basis go to the Smithsonian Institution with the under-

standing it will be spun off to whatever agency might be set up by the

decision of the Council under Senator Magnuson's bill in 2, 3, or 4
years. As you know, this has happened in the past and I was wonder-
ing what your reaction would be to this as a thought.

Dr. Bates. It is difficult for me, at short cursory glance, to see the

logic of temporary action in this situation. We feel that in Interior

we already have programs well under way that involve the three as-

pects of this bill—education, extension, research, and development.

By accentuating and giving the appropriate image that this bill would
give to programs that are in existence, we can move directly into this

operation and save some time that might otherwise be spent spinning

some wheels.

Senator Pell. I believe I am correct in saying that the Bureau
of Commercial Fisheries was originally in the Smithsonian and was
spun off to your Department, is that correct ?

Dr. Bates. Perhaps Mr. McKernan can answer that.

Mr. Kernan. I don't believe so. Senator. The Bureau of Commer-
cial Fisheries was one time in the Department of Commerce. It was
originally a fish commission hack in the late 1800's, during its early

formation. I don't recall, although I could be incorrect, I don't recall

that it was ever with Smithsonian.
Senator Pell. We had better put this off the record.

(Discussion off the record.

)

Mr. EcKLES. I think it might have been Spencer F. Baird who was
at one time the Director of the Smithsonian Institution and became the

first Commissioner of Fisheries.
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Senator Pell. I see. But there was an orfjanization.

Mr. EcKLES. The two organizations were not together.

Senator Pell. Thank you.
Another question here is what is the amount of money presently

coming in from royalties and rents from the offshore oil lands?
Dr. Bates. I believe it is the figure I have in the statement, this is

the 1965 figure, about $101 million.

Senator Pell. On the average.

Dr. Bates. About $1.7 billion for the last 10 years, as I recall.

Senator Pell. So we would expect each year roughly to divide that
by 10, correct ?

Dr. Bates. That is right, if you were to make arrangements to use
these funds.

Senator Pell. Eight. All right. I would also like to put in the
record at this point a letter from the Department of Interior, Assistant

Secretary Stanley A. Cain, and he makes the suggestion here that we
ought to await action on my bill, our bill liere, luitil action has been
taken on Senator Magnuson's bill to establish an Oceanographic Coun-
cil. Actually, I think the two are perfectly complementary and there

is no real reason to wait.

(The departmental report referred to follows:)

Department of the Intekiob,
Office of the Secretary,
Washington, B.C., May 2, 1966.

Hon. Lister Hill,
Chairman, Committee on Labor and Public Welfare,
U.S. Senate, Washington, B.C.

Dear Senator Hill : There is pending before your committee S. 2439, a bill

to amend the National Science Foundation Act of 1950, as amended, so as to
authorize the establishment and operation of sea grant colleges and programs
by initiating and supporting programs of education, training, and research in
the marine sciences and a program of advisory services relating to activities

in the marine sciences, to facilitate the use of the submerged lands of the Outer
Continental Shelf by participants carrying out these programs, and for other
purposes.

This bill amends the National Science Foundation Act of 19o0 by authorizing
appropriation to NSF of 10 percent of all payments received after June 30, 1965,
from leases on the Outer Continental Shelf, to be used for supporting education,
training, and research in the marine sciences and advisory services relating
to activities in the marine sciences. The Foundation is authorized to enter into
agreements with the Secretary of the Interior for joint or exclusive use of
appropriate areas of the Outer Continental Shelf by program participants. The
Foundation is authorized to carry out the program through grants or contracts
with public or private agencies, museums, industries, laboratories, corporations,
etc.

The general purpose of the sea grant college program is to improve the Nation's
capability to obtain and use the natural resources of the oceans.
The purpose of this bill is to implement a suggestion made several years ago

by Dean A. F. Spilhaus, of the University of Minnesota, who at the time was
Chairman of the Committee on Oceanography of the National Academy of
Sciences-National Research Council. The proposal was discussed at a conference
held at Newport, R.I., on October 28 and 29, 1965, at which over 200 individuals
concerned with the subject matter of the bill were present. It was generally
agreed at the meeting that the objectives of the bill were desirable and that
legislation, such as S. 2439, would have a beneficial effect on the development of
marine science and ocean engineering in this country.

This Department also firmly believes that more and more emphasis must be
placed by the Federal Government, the States, educational institutions, industry,
and other public and private organizations and individuals on improving the
Nation's capability to obtain and use wisely our marine resoiu'ces. S. 24.39 is

designed to supply this emphasis on the national level. Legislation along the
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lines of this bill is needed to supply the focus that is needed in the field of marine
science. The concept of developing skilled personnel, such as engineers and
technicians, to exploit oiir marine resources is sound. We agree that the

National Science Foundation should play a major role with respect to basic

research and scientific education in this area. We believe, however, that the

Department of the Interior must continue to play a major role in programs aimed
at exploiting marine resources because of our present expertise in basic marine
research and in the management and development of these resources.

The Department of the Interior now has broad authority to conduct research

directly in marine resources and for supporting such authorities in marine science

institutions. Some of these authorities are the Fish and Wildlife Act of 1956, as

amended (16 U.S.C. 742a), the Commercial Fisheries Research and Develop-
ment Act of 1964 (16 U.S.C. 779-779f), the Water Resources Research Act of

1964 (42 U.S.C. 1961 et seq.), and the act of October 30. 1965 (79 Stat. 1125).

Also, the Department manages the resources of the Outer Continental Shelf under
the act of May 20, 1964 (16 U.S.C. 1081-1085) and the Outer Continental Shelf Act
(43 U.S.C. 1331 et seq.). In addition, we are requesting Congress to give the

Secretary authority to expand our contract research activities in this area and
other areas of importance to this Department.

S. 944 which is now awaiting final action covers a number of activities included

in this bill. Your committee may wish to await the outcome of S. 944 before

taking final action on this bill.

The Bureau of the Budget has advised that there is no objection to the presenta-

tion of this report from the standpoint of the administration's program.
Sincerely yours,

Stanley A. Cain,
Assistant Secretary of the Interior.

Dr. Bates. I agree. I believe this was put in with the understand-

ing that things were moving very rapidly with that bill and hopefully

it would soon come out of the committee and therefore this would not

mean any delay.

Senator Pell. Eight.
Thank you very much indeed, Dr. Bates. There are some further

questions here.

Senator Kennedy of Massachusetts. Dr. Bates, Avhat is your esti-

mate of the amoimt of fmids which would be necessary to run tliis

program ?

Dr. Bates. We have not, in preparing this testimony, gone so far

as to make such estimates. I would be glad to proceed, to do so and
give you a ball park idea.

Senator Kennedy of Massachusetts. I think that would be helpful.

(A memorandum subsequently supplied by Dr. Bates follows:)

Memorandum From Dr. Thomas F. Bates, Science Adviser, Department of the
Interior

The Department estimates that after a buildup of 8 to 4 years for organiza-
tional purposes, $30 to .$35 million per year would be required to take full ad-

vantage of the capabilities of a number of sea grant centers. This recognizes
that operations at sea are more expensive than most types of land-based research
and development. It also recognizes that the program should be a highly varied
one with colleges specializing in different subjects according to needs and oppor-
ttinities in each area.

Senator Kennedy of Massachusetts. Since so mucli of this program
is involved at the university level, it does seem to me that the National
Science Foundation is the agency where this should be located.

However, although I know you respect your sister agency, I would
be interested if you could draw that distinction somewhat more pre-

cisely between the National Science Foundation and the Department
of the Interior.



SEA GRANT COLLEGES 151

Dr. Bates. I respect them tremendously. Up mitil last June I have
been supported extensively by their efforts.

I would like to simply answer this, Mr. Senator, by saying that I
think there is a logical place here for both of these groups. Senator
Pell'S bill is written, as I read it, with emphasis upon applied science

and engineering ; actually moving from our basic state of the art to the
extraction and use of the resources of the ocean.

Consequently, there are certainly aspects of both the very funda-
mental oceanographic type of research that must be continued by the
National Science Foundation and should be done through the uni-

versities, but also the applied engineering research that relates in my
opinion more directly to a mission-oriented agency such as the De-
partment of the Interior. My point

Senator Kennedy of Massachusetts. It certainly wouldn't preclude
the National Science Foundation from making certain arrangements
with Interior and I am sure that they would make such arrangements
affecting programs along the lines you describe. Yet in the brief ex-

perience I have had in Washington, where various programs are de-

centralized, we set up coordinating agencies and interagency coordinat-
ing committees. Therefore it does certainly concern me to see this

too much decentralized.

Dr. Bates. I would like to point out that even since I came on deck
last June, the image of Interior is changing considerably. As you
know, we now have the Office of Water Resources Research which does
relate to 50 land-grant institutions plus Puerto Rico. We have the

Office of Saline Water which is largely contract-related to the uni-

versities. The new atmospheric water program of the Bureau of

Reclamation is involving seven western universities at the present time,

and Mr. McKernan here can tell you more specifically if you wish, the

extent to v\'liich his Bureau of Commercial Fisheries has been involved
in training programs, research at many places, including the uni-

^ersities. So I think we have not only a long but accelerating ex-

perience with regard to the relation of Interior to university programs.
Senator Kennedy of Massachusetts. If the money being appro-

priated now for research in oceanography is spread through a dozen
different agencies, how does the Interior Department have any oppor-
tunities to allocate funds for either this kind of development or any
kind of research ?

Dr. Bates. Our total funding in the 1966 budget for oceanographic
work primarily related to the Bureau of Commercial Fisheries, the

Bureau of Sport Fisheries and Wildlife, the Geological Survey, and
the Bureau of Mines amounts to $19 million.

Now except for the Na\^ which is, of course, well beyond this and
the National Science Foundation which is at the level as I recall of

about $43 million, this is the next highest expenditure among the Fed-
eral agencies, next highest allocation.

Senator Kennedy of Massachusetts. Could you submit to the com-
mittee just a further breakdown on those funds?

Dr. Bates. We would be very glad to.

(The information referred to follows
:)
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Table 2.

—

Department of the Interior, oceanograpliy 'budget, fiscal year 196G

Agency function Thousands

Interior—Total $19, 566

Bureau of Commercial Fish-
eries—Total 17, 466

Research 13, 675
Surveys 1, 654
Ocean engineering 270
Ship construction 690
Instrumentation 800
Facilities 210
Data center 167

Agen-cy function

Geological Survey—Total
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Until just recently our approach to the sea and its resources had been
primarilj^ from the surface. We perfected the ships and facilities

which operate from the surface to exploit the marine resources lying
slightly below the surface. But there are, in addition, tremendous un-
tapped resources along the ocean floor, in the ocean floor and through-
out the expanse of the ocean body to be studied, developed and ex-

ploited for the benefit of the entire Nation, and indeed for all mankind.
The incredible quantities of untapped human food resources within

the sea stagger tlie imagination and illustrate tlie challenge the sea

presents to man's technical and scientific ability. Our oceans produce
about 400 million tons of animal protein each year—only about 10

million tons of which ai-e being harvested annually. I find it frustra-

ting to contemplate these enormous unutilized food resources lying
so close at hand when at the same time more than half of the world's
inhabitants are chronicall}^ hungiy or constantly undernourished.
Not only are we not tapping this unused potential, we are not even

maintaining our relative position in the world. For the past 30 years
the U.S. fish catch has remained static while fish use has increased. In
1964, we imported fish and fish products valuing nearly $600 million.

In the last decade alone the United States has dropped from second to

fifth place in the scale of world fish catch, and that part of our con-

sumption which we import has increased by 25 percent.

In part, this decline can be attributed to the enormous fleet of foreign
fishing vessels, principally Japanese and Eussian, which are operating
off our shores taking fish resources which should be ours. But the
blame must be placed as well upon our failure as a nation to take the
aggressive and imaginative action necessary to make our fisheries com-
petitive with other nations.

But the statistics of food needs, fish catch and competitive position

do not begin to tell the story of the present cliallenge and opportunity
offered by the sea and its resources. The ocean remains our planet's

last frontier. We have onlj^ just begun to study its physical and bio-

logical laws, to seek out its resources and to harness its power for our
own needs. It is estimated that man obtains only 1 percent of his food
from the sea. While America spends billions annually to probe the
limitless and intangible expanse of space, we let three-quarters of our
own globe lie fallow and practically unproductive. Yet we know from
recent discoveries that vast mineral resources lie below the waters—the
Continental Shelf is rich in petroleum and minerals; gold and phos-
phorite are already being mined off our western coasts; and who can
deny that the mountains and valleys along the ocean floor contain the
same riches as the mountains and valleys which form our land con-
tinent. And now our scientific and technical knowledge has advanced
to a degree where we can begin to mine them.
Many of us here in tlie Senate have worked hard on various pieces

of legislation relating to the sea—legishation to develop and process
fish protein concentrate, to improve the facilities and equipment of our
merchant and fishing fleets, and to guarantee the healtli of our fishing

industry against the encroaching forces of foreign competition. But
all of these measures, wliile necessary and important, do' not provide
the basic comprehensive approach which we need.

The 1958 Geneva Convention on the Law of the Sea in effect gives
to tliose countries that first explore the depths of the sea the riiiht to
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control them. If we are to become the master of the oceans we must
develop and implement bold techniques for exploiting ocean resources.

We need an intensive study and overhaul of our entire fishing and
marine resource industries. We need a renaissance in oceanography,
aquaculture and marine mining which will move us out of the dark
ages of old-fashioned techniques, make our marine fleets again the
most powerful in the world and establish the United States as the
leader in marine and aquatechnology.
Most important of all, however, we need to call dramatic attention to

the existence of this last great frontier. Just as sputnik caused a revo-
lution in space technology by concentrating national interest on the
conquest of outer space, the same sort of national interest must be
stmiulated in the conquest of ocean space.

To put it simply, there are just not enough Americans at the present
time who know enough about or who are interested enough in the po-
tential of the sea to make possible of the commitment of men and re-

sources necessary to conquer the sea. We need a national program, a
program which will stimulate our young people while in college to

pursue careers in ocean science and technology, which will support
basic research, and wdiich will translate the results of this basic re-

search into practical programs attractive to private industry.

Taken together Avith Senator Magnuson's bill to create a national
council to give policy guidance in the development of our marine re-

sources, the establishment of a national sea grant college program can
provide the foundation for this concerted national effort.

There are already many institutions wdthin the United States which
are deeply involved in the study of marine science. Sea grant col-

leges would be developed through these institutions, by providing Fed-
eral funds to support and augment programs which are presently in

existence and by creating new programs. Through the facilities or a
university, science and technology will be applied to such areas as

underwater prospecting, pollution control, shipping and navigation,
mining, food resources and development, forecasting of weather and
clmiate, marine pharmocology and medicine and recreation.

These sea grant colleges hopefully will do for the sea what land
grant colleges did for the land. The land grant college movement
caused an agricultural revolution in America. A small investment
in agricultural research brought forth great returns in terms of in-

creased production per acre, the release of workers from agriculture,
higher output per man-hour, new methods of farming, marketing
and conservation, and higher standards of living for the farmer and
his family. These colleges are a continuing source of research and
experimentation, keeping America's fanners aware of new tecluiiques

and knowledge in agricultural sciences and keeping our farmlands
among the highest producers in the world.

Similarly, a sea grant college would have a grant of seashore or
lakeshore for experimental plots; it would receive Federal assistance
for educational programs in the related fields of oceanography, aqua-
culture and marine mining for research facilities in the practical
application of scientific research and techniques and for the creation
of extension services to disseminate this information to all fishermen
and oceanographers.
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We in Massachusetts are particularly well qualified to expand our
already considerable efforts in these areas, and to benefit from this pro-

gram. The Commonwealth of Massachusetts has long been involved
in the life of the sea. For centuries, fishing fleets and whaling
schooners have sailed from the ports of Gloucester and Ro^kport, the

South Shore and the islands of Nantucket and Martha's Vineyard.
Today these same ports are the home base for fleets which farm the

Grand Banks and Atlantic waters. And these Massachusetts fleets

account for a large portion—10 percent—of the total U.S. com-
mercial fish catch, surpassed only by Alaska and California. How-
ever, today, instead of having the 20th century equivalent of the
powerful formidable fleets of the 1800's, our fishermen are working
with outdated equipment and inefficient facilities.

We have the resources in Massachusetts to change this. Our State
is one of the oldest and most respected centers of marine research in

the country. In addition to research facilities within academic insti-

tutions such as Boston College, Boston University, MIT, North-
eastern, and the University of Massachusetts, Massachusetts is proud
of its special marine institutes such as the New England Aquarium,
the Marine Biological Laboratories, and the Woods Plole Ocean-
ographic Institute.

Mr. Chairman, I would like to offer for the record a copy of an ex-

cellent speech presented last week at the New England Aquarium by
Dr. Bostwick H. Ketchum, associate director of the famous Woods
Hole Oceanographic Institution. I believe this speech illustrates

quite well the long-term interest Massachusetts has had in the marine
sciences and the extent of the State's oceanographic activities.

(The speech of Dr. Ketchum follows :)

Marine Sciences in New England

(By Dr. Bostwick Ketchum, Associate Director, Woods Hole Oceanographic
Institution)

New England has a long and distinguished history in conducting research in
the marine sciences. One may think of history as looking back upon the past,
but several recent activities suggest that the history of marine science in New
England has been a stage of growth and preparation for the changes in marine
science which may be just around the corner. One of these activities is the
formation formally announced just yesterday, of the Massachusetts Association
for Marine Sciences which includes as members several of the Massachusetts
universities, the New England Aquarium, and both the Marine Biological Labora-
tory and the Woods Hole Oceanographic Institution in Woods Hole, Mass.
Another action which may have a profound effect on the development of marine
sciences is the bill submitted in the Senate of the United States by Senator
Pell of Rhode Island providing for the establishment of sea grant colleges and
universities which could provide, for the exploration and the exploitation of the
oceans, the same kind of stimulus that was given to the development of agricul-
ture by the formation of land-grant colleges. Hearings on this bill are scheduled
to be held at the University of Rhode Island on next Monday, May 2, 1!)66.

These are merely two examples of the actions, both public and private, which
may profoundly influence the future of marine sciences in New England. It

may be worthwhile to review briefly the history of the development of marine
sciences in order to provide perspective for the future.
One important unique facet of this history has been the development in

Woods Hole, Mass., of a group of laboratories which have established a center
for marine research which has gained worldwide renown. Three sojiarate and
independent laboratories have been established and have flourished in this
small village, lliese are the Biological Laboratory of the Bureau of Commer-
cial Fisheries, the Marine Biological LaboratoiT, and the Woods Hole Oeeano-

G2-906—66——11
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graphic Institution. From the very beginning the relationships of these insti-

tutions with the universities, not only in New England but throughout the.

country, have been intimate and cordial. Tlie personnel of these three labora-

tories encompass nearly every aspect of basic research conceraing the oceans

and the life that they contain, the seabed l)elow. and the atmosphere above.

The Bureau of Commercial Fisheries Biological Laboratory was the first

to be established in Woods Hole. Spencer F. Baird, Assistant Secretary of the.

Smithsonian Institution was appointed the first U.S. Commissioner of Fisheries

by President Ulysses S. Grant in 1871. Baird was well knowm to the scientific

circles in this country and abroad as a naturalist, a student of classification

and distribution of mammals and birds. Baird carried on extensive studies

of the fisheries of New England before selecting Woods Hole as an ideal loca-

tion for a permanent laboratory for the Fish Commission. The reasons for the

selection are still valid today and explain in part why the other two laboratories

also selected Woods Hole. The excellent harbor is suitable for the type of ves-

sel used in oceanography and fisheries research and, since there is little land

drainage, the sea water is relatively clean and unpolluted and remains at a
nearly constant salinity throughout the year. It is thus an ideal source for the

maintenance of living specimens under laboratoiT conditions. Cape Cod is the

location of a summer temperature boundary, as those who swim in the waters
both north and south of Cape Cod in the summertime well know. Many north-

em species of organisms have the southern limit of their distribution on the

northern shores of Cape Cod while many southern species have their limit on
the southern shores. Thus populations of two quite distinct sorts are available

within a short distance of the laboratories. The open sea and the Gulf Stream
are less than a day's sail from the docks in Woods Hole and consequently tlie

scientist has a wide variety of marine conditions available and readily accessible.

Woods Hole was always intimately associated with maritime affairs fix>m the

landing of Bartholomew Gosnold in May of 1602, 18 years before the Pilgrims

landed at Provincetov,-n and Plymouth, to the days when New England whaling
captains fitted out and took on water at Bar Neck Wharf, the site of the present

laboratory buildings. This history of the development of marine sciences in

Woods Hole can be dated officially as starting wdth the establishment of the

Biological Laboratories of the Fish Commission in 1875, though the laboratory

building was not completed and occupied by the s<*ientists until a decade later.

At about this same time another great naturalist, Professor Agassiz of Har-.

vard University, was anxious to provide his students with the opportunity to

study living specimens of the abundant fauna of the marine environment. He
established a small laboratory on Penikese Islands in Buzzards Bay, but found'

that the problems of transportation and access made its continuous use difiicult.

As an outgrowth of this marine station, however, a group of university professors

with very meager financial assets established in March 1888 a new institution

under the name of the Marine Biological Laboratory. From a modest shingled

building erected during that first year, the MBL has grown to a position of inter-

.

national stature in biological research that is unequaled in the world. Many
of the great American biologists of the present century have studied livingj

marine specimens in the courses offered during the summertime or have conducted

some of their research at the MBL. From the very beginning the MBL enjoyed

the full support and cooperation of the Fish Commission Biological Laboratories

and this spirit of cooperation has prevailed throughout the history of Woods
Hole. The MBL continues to be primarily a summer laboratory offering space

and facilities to university professors to conduct part of their research during

the summer and offering courses in various aspects of marine biology to students

drawn from colleges and universities throughout the country.

The youngest of the three laboratories is the Woods Hole Oceanographic

Institution which was founded in 1930 as the result of a study conducted by a

Committee on Oceanography of the National Academy of Sciences. Here agaia

complete cooperation was offered by the existing laboratories to the fledgling

newcomer. The Chairman of the Committee was Frank Lilly who was, at that

time, director of the INIBL. The secretary of the Committee was Henry B. Bige-

low, professor of biology at Harvard University, who became the first Director

of the Institution. The Oceanographic was founded and existed for about 10

years primarily as a summer marine station. Tliis was because Dr. Bigelow,

"the first Director, did not believe that scientists could be content to live in the

virtual isolation of a small New England village, a fact which was probably true

at that time with the verv limited size of the professional comn^unity in Woods
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Hole. Tnlike the MBL, the Oceanographic Institution has changed, however,
to a year-round activity with a resident scientific staff of over a hundred. With
the rapid and easy transport to Boston it is a beehive of activity throughout
the year.
The biggest change in the oceanographic came when Columbus Iselin was di-

rector during tlie years of World War II. The oceanographic had already
been carrying on for 10 years, investigations into the structure and the chemis-
try of the Atlantic Ocean and Iselin recognized the importance of these observa-

tions to the operations of the U.S. Navy, primarily in the field of acoustics and
undersea warfare. During the war, scientists were willing to forego their ivory-

tower investigations and to turn their attention to problems which were vital

to the survival of the Nation. To meet the demand for information about ma-
rine sciences the laboratory rapidly expanded, not only in its study of under-
water acoustics, but also in such fields as the biology of the fouling of ships''

bottoms and chemical studies of antifouling paints, the meteorological condi-

tions which influence the patterns and development of smokescreens over water,
in underwater explosives, and in the factors which control the developanent
and visibility of wakes of ships at sea. Contrary to Bigelow's expectation,

the scientists found Woods Hole a desirable location to carry on their research
and to live.

These three separate and independent laboratories in Woods Hole are today
as vigorous and active as they have been at any time in their history. Daily,

one sees the collecting vessels of the MBL set out to obtain marine specimens
which are used in college instruction throughout the country and it is not an
Tincommon sight to see an oceanographic or fisheries vessel return to the docks
after several months on a research cruise away from the home port. For the
first time last year the newest of these vessels, the Atlaniifi 11, returned from
a trip around the world in which studies were conducted at such farflung places
as the Red Sea and the Indian Ocean, the coasts of Japan, and the Pacific. Thus
the history of Woods Hole as a center for marine research has developed over
nearly a century from rather modest beginnings to a scientific center of world
renown where one can meet scientists from any part of this country or abroad,
where the library is one of the best in marine sciences in the world and where
young students can swim, sail, and study with their professors and gain an ex-
perience which is difficult if not impossible to duplicate in any other place.

This is a brief review of the past and the present, and it augurs well for the
future. Inevitably men will penetrate more deeply the marine environment
in order to learn its secrets and exploit its resources. While I have emphasized
the scientific center at Woods Hole, it Is clear that the nearby universities in

Boston and the New England Aquarium have already contributed much to marine
science. Closer association between the Boston and Woods Hole centers of ma-
rine science will afford unexcelled educational engineering and research oppor-
tunities to lead the future developments that are impending.

Senator Kennedy of Massachusetts. A national sea o-rant college

program would give these IMassachnsetts universities and institutions

the additional financial assistance, direction, and encouragement, they
need to revitalize the fishing and marine industries of N"eAV England.
Moreover such a program would give mucli needed support, to younger,
developing institutions.

For example the Southeastern Massachusetts Technical Institute, a
new university in southeastern Massachusetts, has just begun a pro-
gram of research into aquatic sciences and is working closely with
industry and ca\\q leaders in the New England fishing community.
SMTI needs the type of assistance envisioned in S. 24^39 to strengthen
its curriculum and to provide necessary e^^juipment and salaries. And
the e.stablisiiment of a sea grant college within SMTI or other institu-

tions in soutlieastera Massachu.setts sliould bring to the New Bedford
area new marine and aquatic industries anxious to take advaiitage of
the research facilities and texihnological advances which will flow from
this program. I believe developing private industry interest is an im-
portant aspect of the sea grant college program. For just as industry
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has grown around the excellent research and experimental facilities of
Boston, industry should grow in the areas around sea grant colleges
wherever they are established.

Leaders within our Commonwealth have already started devising
plans to expand research and education in the marine sciences for the
benefit of the public. The various INIassachusetts universities and
institutes involved in aquatic culture have formed the Massachusetts
Association for Marine Sciences, where representatives meet regularly
to exchange ideas and plan cooperative research. A subcommittee on
oceanography has been created in the Governor's science advisory
committee and a New England chapter of the Marine Teclinology
Society has been formed. These efforts to marshal the combined re-

sources of our research and education community reflect the great in-

terest in the ocean within our State, and testify to Massachusetts'
capacity to make a positive contribution to the success of these

programs.
Mr. Chairman, I look forward to these hearings as an opportunity

to hear from individuals in this field who will be working and bene-
fiting from the operation of this program, wlio can comment on ways
to make this program better serve the public interest.

In particular, I look forward to comments on both the proposed
method and amounts of Federal funding and on the designation of

the National Science Foundation to administer the program. The
approach taken on these questions in the present version of the bill

seems to be eminently sensible, but I think we should keep our minds
open to alternative possibilities.

Finally, I hope to learn about the advantages and disadvantages of
restricting eligibility of Federal assistance to institutions having ac-

cess to large bodies of water. Given the limited resources available

to support this national program, it may well be desirable to focus
maximum support on these institutions which, on their face, are in the

best position to make a major contribution to our goal—the conquest
of the sea.

Senator Pell. I thank my friend and colleague of the neighboring
Commonwealth of Massachusetts for his statement. He brings a

great deal of knowledge and experience of the sea and strength to the

subcommittee, and like him, I have no preconceived ideas as to Vvdiat

agency could best administer this program. I look forward to learn-

ing more from the highly qualified witnesses who will be coming up
here in the next few days and they were with us yesterday already.

On behalf of the minority—I thank my colleague very, very much
indeed for his constructive testimony.
We will now hear from Senator Inouye, our colleague from Hawaii.

STATEMENT OF HON. DANIEL K. INOUYE, A U.S. SENATOR EEOM
THE STATE OE HAWAII

Senator Ixouye. INIr. Chairman, I wish to speak on behalf of S. 2439
which would authorize the establishment and operation of a sea grant
colleges program.

This program is of particular interest to the people of Hawaii, be-

cause, located in the middle of the Pacific, we see in it a tool for more
effectively exploiting tlie vast potentialities of the ocean frontier that
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surrounds us. The proposal would offer the same advantages to any
coastal institution of higher learning.

The ocean bottoms and the life about them remain largely uncharted
mysteries, yet comprise 70 percent of the earth's surface.

The advantages offered by S. 2439 lie in the impetus it \Y0uld give to

oceanic research. Xow, research funds are scattered among many
agencies of the Government, each with it particular interest. There
is an advaantage in such diversion in meeting specific jiroblems as they
arise, but to get the maximum return on the research dollar spent for
ocean studies, it is often advantageous to have these studies encompass
wide areas of interest rather than the narrower scope often prescribed
because of limitations on the granting agency. For this reason, de-

signating the National Science Foundation as the central research
agency would be beneficial. It would permit a coordination of re-

search which would maximize the effectiveness of research inoneys
spent in this area.

Secondly, this bill would single out for recognition and emphasis
research programs and programs of education in oceanography. In-
terest in ocean research is a new emergent in the academic world.
Further, few industries, save fishing and in a sense, oil, are based
on the wealth which lies beneath the surface of the sea. We know
that scientific exploration will precede technological exploitation.

Yet our intellectual attack has been piecemeal. This measure, I feel,

would give focus to our scattered research efforts.

Thirdly, the objective of this bill harmonizes with the efforts and
goals of the people of Plawaii as shown in the activities of our State
government. Feeling that our greatest future wealth may lie in the
ocean surrounding us, our State is investing heavily in ocean science

projects. We have organized w^ithin the University of Hawaii, the
Department of Oceanography, and have staffed it with highly com-
petent men. Department emphasis is both on instruction and on
research in biology and physical oceanography.
The State also has established three research centers which func-

tion in conjunction with the University of Hawaii : The Hawaii Insti-

tute of Geophysics, which has physical facilities on campus and a
research vessel operating out of Honolulu; the Hawaii Institute of
Marine Biology with a laboratory on Coconut Island, where a new
building is nearly completed; and further, upon completion of the
building, there is to be a Pacific Biomedical Research Center for
research in marine animals, located at Kewalo Basin in Honolulu.
The State's investment in oceanography has been paralleled by

private research interests centering in Honolulu. Operating out of
Honolulu, the Lockheed-California Corp. has two research vessels

chartered from the Scripps Institution of Oceanography, working
on a $2 million contract wnth the Navy Bureau of Ships. Also owned
by Scripps Institution of Oceanography is the Flip^ an instrmnent
vessel under contract to study sound waves in the Hawaiian area.

Equipment for the undersea drilling of Project Mohole is being
assembled, and currently U.S.S. Pathfimler of the Coast and Geo-
detic Survey is engaged there in a project for the Environmental Serv-
ices Administration. Each of these developments indicates a grow-
ing awareness of Hawaii as a center for the study of ocean science.

I believe that Hawaii, as well as the other coastal States of this
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country, will in the years ahead, find tremendous new sources of
wealth from the ocean. Through the pioneering- research projects

now underway, Hawaii is investing in the search for that wealth.

I am confident that they yield from these efforts and othere will far

exceed the investment placed in them.
Because of this belief, I ask that favorable action be taken on this

proposal to integrate and augment programs in ocean research.

Senator Pell. Thank you. Senator Inouye. We now have Senator
Fong, the other Senator from Hawaii.

STATEMENT OF HON. HIRAM L. FONG, A U.S. SENATOR FROM THE
STATE OF HAWAII

Senator Fong. The proposed National Sea Grant College and Pro-
gram Act of 1965 is a much-needed measure, and I strongly urge its

enactment.
S. 2439 would authorize the establishment and operation of sea grant

colleges and programs through education, training, and research in

the marine sciences. The objective of the bill is to do in the oceanic

field—by putting research to practical use—what has been and is being
done so successfully in agriculture under the Morrill land grant
program.
The seas around us cover two-thirds of the earth's surface. In the

words of the originator of the sea grant college idea. Dr. Athelstan F.
Spilhaus, "The oceans will offer us military, recreational, economic,
artistic, and intellectual outlets of unlimited scope.''

Yet our knowledge and use of the oceans and their potentials are

woefully lacking. A nation which prides itself on its successful ex-

ploration of outer space has yet to probe deeply into "inner space" and
make the most of the vast resources there.

S. 2439 applies to marine science the principles of the land-grant
system which gave this Nation the agricultural extension service and
the very fruitful Federal-State cooperation in agricultural research

which resulted from that system.

S. 2439 would provide for "aquacultural extension service" to be

developed in institutions of higher learning. These centers of aqua-

culture would concentrate primarily on applying scientific research

to the sea, such as exploring for minerals underwater, harvesting food
resources, and developing military defense. The range of useful areas

which such aquacultural centers can explore and exploit is almost
unlimited.

Coming from a State which is strategically located to take advantage
of oceanographic science and technology, I see in S. 2439 tremendous
benefits which can accrue to our island community, to our Nation, and,

indeed, to the world commimity.
A logical center for oceanic research and development is the Uni-

versity of Hawaii, a land-grant college, which enthusiastically en-

dorses the bill.

The university has already embarked on a program of significantly

expanding and strengthening its capabilities in oceanic endeavors. It

has assembled an outstanding faculty in oceanography, composed of

prominent scientists doing important research in both biological and
physical oceanography. The University of Hawaii has a strong or-

i
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ganization and is building facilities in ocean science and technology
through the Hawaii Institute of Geophysics, the Hawaii Institute of
Marine Biology, and the Pacific Biomedical Research Center.

S. 2439, if enacted into law, Avould greatly enhance Hawaii's role

in our national oceanic field. It would give financial support to the

University of Hawaii in improving and expanding facilities, and make
possible a larger stall' of scientists and support personnel.

Beyond its immediate and direct impact upon the academic commu-
nity, S. 2439 would stimulate the industrial and business community
to greater efforts in developing the commercial potentials of the

oceanic field.

In 196-1, tlie Hawaiian business community, acting through the

Hawaiian Electric Co., engaged a nationally known researcli firni to

appraise Hawaii's potential in oceanics, with particular reference to

its promise for future economic growth in the islands. According to

the survey, oceanics activity in Hawaii can grow in dollar volume from
$41/2 million in 1964 to as high as $25 million by 1970. The projected

levels for Hawaiian oceanics activity were based on the then existing,

t[iliescent levels of national planning and support. The report added
the significant note that—
When and if oceanics breaks out of tliis current level, and if Hawaii mean-

while has developed a strong foundation within economically viable bounds, the

field could become a major "industry" for the islands, in the $100 million class.

Even if oceanics does not break out, its economically sound development within
the State makes sense and will help to enrich the community intellectually,

socially, and economically.

The survey concluded that the most promising activities for Hawaii
are oceanographic research and development, fishery research, man-in-

the-sea and life support programs, Mohole project. Navy tactical and
calibration ranges, underwater test facilities, and Plawaiian-based

ocean surveys.

These are areas of activities which come within the stated purposes

of S. 2439. The National Science Foundation would be directed under

S. 2439 to carry out marine science programs through contracts with,

and grants to suitable public or private agencies, public or private

institutions of higher learning, museums, foundations, industries,

laboratories, corporations, organizations, or groups of individuals con-

cerned with activities in the marine sciences.

Financing for the program would be derived from using 10 percent

of the annual revenues from rents, royalties, and bonuses from offshore

oil properties under Government lease. This would be a logical source

of financing for the sea grant college program since the revenues come
from the ocean.

The author and sponsor of S. 2439 (Senator Pell) has stated that the

proposed sea grant colleges "should be fostered and developed in

those areas that have made a beginning and have the capabilities and
resources for such an undertaking. Obviously, geography too is an

iinportant consideration."

Hawaii fits both descriptions. As pointed out earlier, the University

of Hawaii already is embarked on a strong program of oceanographic

activities, having attracted scientists of wide renown to its campus
and having developed facilities for extensive researcli and
development.
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As to geography, Hawaii has the distinction of being the only island

State of the Union—an island community completely surromided by
the ocean and enjoying ideal natural advantages for oceanic work.
These advantages include Hawaii's central location in the Pacific, close

to nearly any sea conditions that might be demanded in almost any
investigation; its equable climate; and its underw^ater visibility.

The sea grant college concept is being proposed at a time when fresh

interest is being generated nationally in the oceans. For too long,

this Nation has neglected the ocean that promises so many benefits if

only its potentials were more clearly understood and appreciated.

S. 2439 offers opportunities for this Nation to put to practical use the

knowledge we have gained from research of the ocean. Because of

what the proposed legislation could mean to my State and to the
national interest, I urge this subcommittee to act speedily and favor-

ably on S. 2439.

Senator Pell. Thank you, Senator Fong. The next witness will be
Congressman Rogers wdio I believe is here. He is an authority in

this field in the other body and is very good indeed to have taken the

time to come here. I know his interest and the work he is doing in

getting through the Magnuson bill on this side.

Mr. Rogers.

STATEMENT OF HON. PAUL G. ROGERS, A U.S. REPRESENTATIVE
IN CONGRESS FROM THE STATE OF FLORIDA

Mr. Rogers. Thank you very much, Mr. Chairman and Senator
Kennedy. It is a pleasure to be here to appear before your committee
and I am pleased to testify in support of S. 2439, and I do want to

commend this subcommittee for bringing this legislation to the floor

and the distinguished chairman, Senator Pell, for his interest in

introducing the bill along with Dr. Athelstan Spilhaus, distinguished

dean of the College of Minnesota, that Senator Kennedy mentioned,
who also deserves a great deal of credit.

I think it is interesting that the idea for a sea grant college originated

not from a coastal State but really from the heart of our country and,
of course, all of us I think in this country, once we look at the problem,
see the need for this legislation.

If the Chair will permit, I will just file my statement and just make
a few comments at this time rather than read the entire statement.

Of course, the reason for the sea grant college program is based on
the successful concept of land grant colleges, which have contributed

so much to the Nation's progress. Sea grant colleges, nurtured by
a program set forth through the National Science Foundation, are

vitally needed to enable the United States to enter the "wet space

age."

I think there is no question about the fact that such a race is on,

and unfortunately our principal competitor, Russia, is the same com-
petitor that we have in space and is making great progress in con-

quering the wet space.

I think just a quick look at some of the things they are doing, and
we realize that we can fall behind very quickly if we are not cog-

nizant of this problem and willing to do something about it.

The primary objective of a national sea grant college program
concerns the development of marine manpower. Today the Soviet
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Union has between 8,000 and 9,000 persons engaged full time in

the marine sciences. The Soviets have over 1,500 qualified oceanog-
raphers. The United States has less than 1,000 oceanographers, and
total marine technology manpower at work full time in this country
today numbers less than 3,000 persons.

The Soviet Union is placing high national priority on ocean tech-

nology training and application of marine research. The United
States by contrast has just begmi recognizing the importance of this

new held.

The seas represent greater and more immediate economic returns

than have yet been found in outer space. The Interior Department,
for instance, estimates that this Nation's fish catch could be expanded
to five or six times its present level as Senator Kennedy brought out,

good news actually for a nation which has slipped, as has been
brought before the attention of the committee, to fifth place.

The Soviets, who rank fourth, are increasing their fish catch by
500,000 tons per year and they have made fishing a science, have
adopted progressive methods such as fish farming, transplanting mil-

lions of salmon eggs and fuigerlings from the Far East to the Bering
Sea.

I was in the Soviet Union in January and this program was dis-

cussed with me. Now the Soviets are also transplanting the king
crabs which is a very lucrative field, as you know, in the seafood
business.

Each year Americans spend over $500 million on imported fish

products. Over 62 percent of this Nation's fish consumption is from
foreign producers. In fact, I think w^e can say every other fish in the

American frying pan is hnported.
By developing scientific methods in marine biology and ocean engi-

neering through sea grant colleges, this Nation could reap enormous
economic benefits from sales of fish at home as well as to hungry and
growing populations abroad.

Further economic returns are to be had for that nation which has
the technology to surface precious minerals lying on the ocean floor.

Offshore oil drilling by U.S. producers in 1964 brought in 174 million
barrels valued at over a half billion dollars. By 1970 it is estimated
it should be bringing in about $1.2 billion, double what it is today.
Manganese ore has been discovered off the U.S. coast, actually in an

area just east of the Georgia-Florida State line. This layer has been
estimated to be 3 to 4 feet thick and up to 1,900 square miles. Of
course, this is vital to the manufacture of steel and related alloys as

well as dry cell batteries and is of vital importance to the Soviets as
well as the United States which consumes several times as much man-
ganese as it produces.
A sea grant college could be instrumental in developing methods of

harvesting this mineral, and a host of other benefits could be realized.

My own State of Florida has begun to move in the direction of school-
ing yountr minds in the value of the seas. In our State there are four
State universities which offer courses in oceanographic and related
marine sciences. One private institution, the University of Miami,
maintains the Institute of Marine Science, one of the finest in the
^vorld. Florida Atlantic University, the newest of our State institu-

tions, is now offering programs in ocean engineering and other applied
uses of the seas.
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Of course, other progressive States boast of such fine institutions as

the University of Rhode Island, Graduate School of Oceanography,
the University of Minnesota's Institute of Teclmology, of course, with
which Dean Athelstan Spilhaus is associated.

We must do more to raise the level and numbers of oceanographic
students and educators in every State if this Nation is to win the wet
space race. And the ranks of America's qualified oceanographers must
grow more rapidly than the present 10 percent per year.

Now, it is interesting to note that Russia has already reached the
level of producing 15 percent of oceanographers every year which al-

ready surpasses us in the number of qualified people they are turning
out and they are increasing this rate. So all in all I think it is evi-

dent, if one will look at what is being done all over the world in the
development of the seas, that we must begin to have more vision in

this Nation as to what can and should be done to develop the 70 per-

cent of the earth's surface represented by the seas.

Therefore, I would urge that S. 2439 be approved by this distin-

guished subcommittee, its parent committee, and both Houses of Con-
gress as well, and I commend the chairman and the subcommittee
for devoting the time and effort necessary to bring this legislation to

the attention of the Congress.
I thank you, Mr. Chairman.
Senator Pell. Thank you very much. Congressman Rogers, and

I miderstand that you like this idea equally and are helping shepherd
the same concept through in the House.

Mr. Rogers. We hope to do this.

Senator Pell. That would be wonderful. I realize it is still pre-

mature but do you have any views as to where the administration of
this i^rogram should rest 'i I know we on our side have no fixed views.

We look forward to listening to the witnesses and making up our
ininds in the executive committee session.

Mr. Rogers. I have no strong views about who should administer
it as yet. Senator. I would agree with you. I don't see anything
wrong with the way the bill is drawn to let the National Science Foun-
dation begin the program. As you know, we have other legislation

that is now moving along rapidly to have a commission study the
entire program of efforts of the United States and its development of
the seas. If the legislation is passed and approved, as we hope it will

be, this would require a study of 18 months.
Now, at the end of that time I would hope that they, might make

suggestions as to organization of how the Government should carry
on its entire program of oceanography, and this could then be con-
sidered. In the meajtitime I think the National Science Foundation
would be an appropriate body.

Senator Pell. The legislation that you are considering, to my mind,
is excellent because it calls for a self-liquidating council which does
not create one more Government organization, and that is a wonderful
idea,.

Mr. Rogers. That is right.

Senator Pell. It is an excellent thought. One of the ideas going
through my mind is that the Smithsonian Institution, which has a
certain tradition of nurturing and spinning off Government groups,
organizations, actually, might be suitable to handle it on a temporary
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basis and then see where it would go on a more permanent basis. The
arginnent being made that in the National Science Foundation there

might be a greater emphasis on pure research and also much more on
individual grant assistance, and some of the people in the field think
there should be more program assistance, institutional assistance, and
also more practical use of the knowledge. This is open for discussion.

Mr. Rogers. Well, I think that has a great merit. I think the
Smithsonian could well do this job. And although I think we should
have some reconnnendations in about 18 months, that is why I said I

thought the National Science Foundation could do this for that pe-

riod of time. However, I can see nothing that would be objectionable.

It might be worthy of consideration in letting the Smithsonian do this.

Senator Pell. To consider it basically on a very temporaiy basis.

Mr. Rogers. Yes.
Senator Pell. From the testimony of the Department of Interior

witnesses, I can see a certain avariciousness on the part of the Gov-
ernment agencies in handling a program that looks to have the
potential for growth that this has. I think we m.ust make a very
sound decision in the beginning.
Mr. Rogers. Yes. That is why I think it is very important for

us to enact legislation this year to get tliis study going so we can
kind of get everybody' together rather than going off on tangents which
we have done so often. I am afraid.

Senator Pell. Right. I can't tell you how glad I am. Congress-
man Rogers, that you take such an interest in the field and work with
it as well. It was verj- nice of you to come over liere this morning.

I\Ir. Rogers. Tliank you very much. We commend your leadership

in this area.

(The prepared statement of Mr. Rogers follows :)

Prepared Statement of Hon. Paul Rogers, a Representative in Congress From
THE State of Florida

Mr. Rogers. Mr. Chairman and distinguished members of the subcommittee,
I am pleased to have this opportunity to appear here this morning to testify to

the pressing need for sea grant colleges. The entire subcommittee, and par-

ticularly its distinguished chairman, Senator Pell, who represents one of the

Nation's foremost oceanographic States, Rhode Island, are to be commended
for initiating movement within the Congress toward establishing a program of

sea grant colleges.

The question "What is a sea grant college?" can be raised. The answer can
be given that sea grant colleges will be to ocean technology what the land grant
colleges of 100 years ago have been to not only America's agriculture, but her
entire system of higher education.

Similar to the successful concept of land grant colleges which has contributed

so much to this Nation's progress, sea grant colleges, nurtured by the program
set forth through the National Science Foundation, are vitally needed to enable
the United States to enter the "wet space age."

We are in a race to conquer the earth's "wet space." There is no question

about it. Our principal competitor is Russia, just as Russia is our principal

competitor in the race to conquer outer space.

And right now Russia is in many resix^cts winning the wet space race. It is

a matter of national survival that the United States be the first to comjiletely

master the oceans. Nearly three-fourths of the earth's surface is water. This

fact alone makes U.S. mastery of the seas imperative. Considering the mass of

the earth's inner space which the oceans occupy, America's need to penetrate

and occupy the greatest depths becomes even more critical.

The primary objective of a national sea grant college program concerns the

development of marine manpower. Today the Soviet Union has between 8,000
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to 9,000 persons engaged full time in the marine sciences. The Soviets have
over 1,500 fully qualified oceanographers. The United States has less than 1,000
oceanographers. Total marine technology manpower at work full time in this
country today numbers less than 3,000 persons.
The Soviet Union is placing high national priority on ocean tecnology training

and application of marine research. The United States, by contrast, has just
begun recognizing the importance of this new field.

The seas represent greater and more immediate economic returns than have
yet been founded in outer space. The Interior Department estimates that this
Nation's fish catch could be expanded to five or six times its present level

—

good news for a nation which has allowed its fisheries to slip to fifth place
among world fishing nations. The Soviets, who rank fourth, are increasing
their fish catch by 500.000 tons per year. They have made fishing a science,
have adopted progressive methods such as "fish farming"—transplanting mil-
lions of salmon eggs and fingerlings from the Far East to the Bering Sea.
Each year Americans spend over $.500 million on imported fish products.

Every other fish in the American frying pan is imported. By developing scientific
methods in marine biology and ocean engineering through sea-grant colleges, this
Nation could reach enormous economic benefits from sales of fish at home as
well as to hungry and growing populations abroad.

Further economic returns are to be had for that nation which has the tech-
nology to surface precious minerals lying on the ocean floor. Offshore oil drill-
ing in 1964 brought in U.S. producers 174 million barrels valued at $541 million.
By 1970, U.S. offshore production will be worth about $1.2 billion, or about
double what it is today. With increased knowledge, that figure could be even
higher.

Manganese ore has just been discovered off the U.S. coast near the Florida-
Georgia State line. This layer has been estimated at 3 to 4 feet thick, and up to

1,900 square miles of pavement. Vital to the manufacture of steel and related
alloys, as well as dry cell batteries, manganese is of vital importance to the
Soviets as well as the United States, which consumes several times as much
manganese as it produces. A sea grant college could be instrumental in develop-
ing methods of harvesting this mineral.
A host of other benefits could come from advancing this Nation's ocean

technology. Better weather controls, improved antisubmarine warfare, utili-

zation of sea vegetation, pollution control, conversion of salt water to fresh,

and improved surface shipping are just a few returns to be had for an invest-

ment in the oceans which is meager compared to our financial stake in outer
space probes.

Florida has already begun to move in the direction of schooling young minds
in the value of the seas. In our State there are four State universities which
offer courses in oceanographic and related sciences. One private institution,

the University of Miami, maintains the Institiite of Marine Science, one of the
finest in the world. Florida Atlantic University, the newest of our State's
institutions, offers programs in ocean engineering and other applied uses of the
seas.

Other progressive States boast of such fine institutions as the University of
Rhode Island's Graduate School of Oceanography, and the University of Minne-
sota's Institute of Technology, whose noted Dean Athelstan Spilhaus has long
advocated the concept of sea grant colleges.

How^ever, more must be done to raise the level and number of oceanographic
students and educators in every State if this Nation is to win the wet space race.
The ranks of America's qualified oceanographers must grow more rapidly than
the present 10 percent per year if we are to outdo Russia's annual expansion of
15 percent. This Nation must discover more undersea technology if our national
defense is to be maintained against such submarine military operations as may
be launched from Soviet bases in Cuba. Sea grant colleges can be a major
factor in turning this tide. I urge that S. 2439 be approved by this distinguished
subcommittee, its parent committee, and both Houses of the Congress as well.

Thank you for this opportunity to be heard.

Senator Pell. Thank you very much.
Our next witness is Dr. Randal M. Robertson, Associate Director

for Research, National Science Foundation.
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STATEMENT OF BE. EANDAL M. EOBERTSON, ASSOCIATE DIREC-

TOR rOR RESEARCH, NATIONAL SCIENCE FOUNDATION; ACCOM-

PANIED BY HARVE J. CARLSON, DIVISION DIRECTOR FOR
BIOLOGICAL AND MEDICAL SCIENCE, NATIONAL SCIENCE

FOUNDATION

Senator Pell. Will you proceed as you vrill, Dr. Robertson?

Dr. Robertson. Thank you, Senator Pell. I am cleliglited to have
the opportunity to speak to you today. I would like first to introduce

my colleague, Dr. Plarve Carlson. Dr. Carlson is Division Director

for Biological and Medical Sciences in the National Science Founda-
tion, and is the Foundation member of the Interagency Committee on

Oceanography of the Federal Council of Science and Technology.

I am a physicist, sir, and spent 12 years with the Office of Naval Re*

search before joining the National Science Foundation in 1958.

I would like to read a very short statement outlining the Founda-
tion's position with regard to S. 2439.

The Foundation is in agreement with three basic premises of S.

2439 : first, that the time is now ripe for an aggressive move toward
fuller exploitation of the resources of the seas ; second, that our univer-

sities and colleges must play a key role in this movement; and third,

that wiiile ocean science itself is in reasonably good shape, the exploi-

tation of ocean resources needs a new push forward.

Ocean science, both physical and biological, has only just begun to

develop an adequate understanding of the complex natural phenomena
of the seas. This work must go forward and should be intensified.

The Foundation agrees, however, that the time is now at hand to

mount a concurrent program of applied research and exploratory

development, in which we must take direct aim at optimum utilization

for our country of the resources of the oceans. On the basis of ex-

perience it can "be expected that advances in ocean technology will open
up new opportunities and techniques for basic research.

The Foundation believes that no one agency can undertake the entire

task. For example, the Navy Department, the Department of Com-
merce, the Department of the Interior, and the National Science

Foundation have essential roles to play. Each one has skills and
resources in this very field w^hich can and must be dedicated to our

mutual objectives. Therefore, consideration should be given to hav-

ing any sea grant bill make clear that direct participation of those

and other appropriate agencies is contemplated.

The National Science Foundation can well undertake a key role

in developing strength in the ocean resources field at our academic'

institutions. Under its present legislative authority, the National

Science Foundation can undertake the support of many programs in

the general field of oceanography. However, we would welcome a

specific assignment in the area of academic research, basic and applied,

and education along the lines envisaged by the provisions of the bill

as our part of a continuing governmentwide effort. It is in inter-

action with the academic institutions of our country that the Founda-

tion has the greatest store of experience and competence. However,

the Foundation considers that it should not be assigned responsibility

for activities involving the development of practical systems for

exploitation of the marine environment.
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I will comment very briefly now on two major aspects of the bill.

One is how the program, should be financed ; the other relates to the
basic concept of the sea grant institution. First, I cannot see many
advantages in financing support under the bill by tying such support
to a fraction of the funds derived from offshore leases as proposed in
section o(b) of the bill. The Foundation favors the established pro-
cedure of analyzing our needs and opportunities and then providing
the necessary funds througii the budget process. This would be a
more direct procedure for insuring that funding is carefully planned
in relation to the required program and that it is adequate to meet the
opportunities.

Second, the Foundation would urge that the title "sea grant insti-

tution" be reserved for a limited group of carefully selected universi-

ties which agree to mount major programs in the ocean resources field

rather than being applied merely to any institution receiving sup-
port under S. 2439. Institutions qualifying would most likely be in

the coastal and Great Lakes areas. Further, I believe that the Na-
tional Science Foundation should work closely with the State govern-
ments in this development, and that a "sea grant institution"' should
be the fruit of an agreement between the Federal Government and the

State, in which the State agrees to commit some of its own resources

to the program. To qualify for sea grant status, an institution would
have to present a carefully worked out, realistic plan showing how
it would proceed to develop a program of education and research,

both basic and applied, aimed at training the manpower required

and developing the knowledge and techniques necessary for tapping
the resources of the oceans. These selected institutions would not in

any sense have a monopoly on the field. However, they would be

clearly identified as the focal institutions for this enterprise, which
is so important to the future of our Nation. This would give a much
more significant meaning to the term "sea grant institution" than that

presently envisaged by the bill and thereby help stimulate research

and education in this field.

I appreciate the opportunity of appearing here today to present

the Foundation's position and will be glad to answer any questions.

Senator Pell. Thank you very much. Dr. Kobertson, for your suc-

cinct, imaginative, and thoughtful testimony with the specific sug-

gestions. I was struck with your point that it might be wiser not

to relate the funds to the percentage of the rents and royalties. The
Bureau of the Budget may have some views on this matter, too. And
there may well prove to be considerable wisdom to your thought that

we should just have a straight authorization. Our minds are open on

that.

The reason we originally tied it into the rents and royalties was to

show that it was a self-feeding operation, that the more money that

went into it, the more money would be produced for the public weal.

Secondly, with regard to your point about matching programs with

the States and not spreading the program too widely, diverting it,

diluting it, I think there is some merit in this thought, too.

Have you thought how the program might be matched, what kind

of ratio you are thinking of, 50-50, 90-10, or anything of that sort?

Dr. Robertson. We have not worked it out in detail. I believe

there should be a negotiated participation by the State in the program.
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Senator Pell. "WHien you say the State, it would either be the State
or private educational or business institutions within the State. You
don't mind where the money came from as long as it didn't come from
the Government.

Dr. Robertson. I had in mind non-Federal funds, but sufficient

State participation to insure that the State itself, the State govern-
ment, is behind the venture.

Senator Pell. I know we are very lucky in my own State of Rhode
Island where the university itself and tlie State—particularly the

university with great help from the Federal Government—have really

taken considerable initiative in this field. This is what you are driv-

ing at, I would imagine, in other States as well, that the initiative

should come locally and that the Federal Government would help it.

Dr. Robertson. Yes. I think we should stimulate initiative, how-
ever, not simply wait passively for something to happen.

Senator Pell. I think this bill would probably do that. There is

nothing that stimulates interest more than the prospect of funds, and
it has that effect, I have noticed.

Now, another question with regard to the administration of the

bill. I notice that you believe the Foundation should not be assigned
responsibility for activity involving the development of system.s for

exploitation of the marine environment. The purpose of this bill is

basically exactly that, not development of new research or the devel-

opment of new knowledge. It is the practical exploitation from a
money-making or health or economic viewpoint of the information and
knowledge that we already have. So I would imagine you would
not be adverse to it being administered by the agency that might be
set up by the self-liquidating council under Senator Magnuson's bill,

or on a temporary basis by the Smithsonian Institution. Would that
be correct ?

Dr. Robertson. I believe that the engineering dev^elopment of sys-

tems for exploitation of the resources of the sea should be done pri-

marily by industry and the Government support should come from
whatever agency of the Government has a mission to accomplish,
such as the exploitation of mineral resources. I believe that the ac-

ademic institutions should be involved in applied research and in the
exploration of new techniques, and in education which leads people to

engage in such activities. I believe that we can support: any program
which would be appropriate for an academic institution, be it basici

or applied.

I simply feel that the management of engineering development pro-
grams should not be undertaken by the National Science FoundatioDi
but by mission oriented agencies in collaboration with industry.

Senator Pell. But you have no strong view or preference as to
where this program should be administered. I think we all agree tho
program is probably a pretty sound idea and to the national interest.

The question is where it should be administered because where it should
be administered would give the cachet to the program as it goes along,

or the direx'tion, and as I understand your view, your interests are
mainly in this area of research and development of knowledge, but the
exploitation of knowledge would not necessarily come within your pur-
view or your practices even though it may be in the original mandate
from the Congress.
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Dr. Robertson. I feel strongly that the bill, insofar as it relates to

strengthening our academic institutions in this field, both in the basic

and applied areas, should be managed by the National Science Founda-
tion. I believe we are the Government agency best qualified to.

handle it.

Senator Mtirphy. ISIay I ask a question ?

Senator Pell. Certainly.

Senator Murphy. Why wouldn't it come under the ordinary proce-

dures of education ?

Dr. Robertson. We support many programs in graduate education

in the sciences.

Senator Murphy. Is it necessary to graduate ?

Dr. Robertson. And in the undergraduate area as well. We have
a broad mission to support education in the sciences and engineering,

and under this we have supported work in the area of oceanography
and could support graduate education in marine resources, for example,
in engineering schools.

Senator Murphy. What is your association with the developments
of La Jolla, if T may ask? Forgive me for being not knowledgeable
on this subject, but there is so much to learn in such a short time.

Dr. Robertson. We support many projects in oceanography at the

ScripjDs Institution of Oceanography.
Senator Murphy. Individual projects.

Dr. Robertson. Primarily through individual projects and in sup-
port of basic research to which we are limited. We cannot under our
broad legislative authority support applied research unless specifically

authorized to do so by the Congress.
Senator Murphy. I see. Thank you.

Senator Pell. This brings out the very point I am driving at. The.
thrust, the purpose of this bill is not to go into research. It is to the
application only of research that already has been done and also our
concept of it, at least my concept, is not so much individual grants as

program grants, somewhat along the lines of land grant colleges, which
is the reason we call it sea grant colleges. I am a little confused be-

cause as I understand it from your testimony, you believe you should
not be assigned responsibility for activities involving the development
of systems for exploitation and you have just said, as I imderstood it,

that you believe that your work involved the grants on an individual
basis and not for applied research, but more for basic research.

Well, then, it would seem to me that the three viewpomts would in-,

dicate that you thought it best not to administer this program.
Dr. Robertson. Well, let me clarify if I can some of these points.

First, under our general authority we can only support basic re-

search.

Senator Pell. Excuse me for interruptino;, but that is against the
purpose of the bill because we are not seeking to develop basic re-

search.

Dr. Robertson. We would welcome in the case of the sea grants
bill authority to extend our support into applied research in the fields

relating to marine resources, but it would require this specific bill to
authorize it. We would be happy to manage that program.

Senator Pell. Well, then, pressing you on this point, what this bill

would do if you were left as administering agency would also be ta
widen your present congressional martdate.
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Dr. Robertson. It would. It would widen our mandate in this

particular field just as it ^yas \Yidened when we were assigned respons-
ibility for weather modification where we may support both basic and
applied research.

I would also say that I agree with jou, sir, that this program requires
something beyond the project type of suppoi-t. It requires

in my opinion the same kind of support that we have provided to

selected academic institutions through our science development pro-
gram where we have invited institutions to submit proposals which
would permit them to strengthen their science programs across the
board. We have made grants up to $4 million or $5 million for 3 years
to assist these institutions to move to a stronger position in science.

I believe that the objectives of your act would probably best be met
if we invited institutions to submit a proposal which would enable them
to move strongly into this field across the board in both basic and ap-
plied areas, including the education of scientists, and the setting up
of new groups. These broad proposals, which would ha^-e to be sub-

stantial in size, should be judged competitively, and those vs-ho can pre-

sent the best plan should be selected as sea grant institutions and given
grants of a broad nature to enable them to move ahead in this broad
field.

Senator Pell. What I am concerned with, and I have the greatest
respect for your work and the academic community I am, I guess,

a frustrated teacher myself, but the problem I foresee in the National
Science Foundation is with emphasis upon the development of scientific

knowledge, the development of a larger number—I remember the argu-
ments after sputnik—the number of Ph. D's we are getting in the scien-

tific world. It is completely counter to the object of this bill. This
bill is supposed to be to help get more fellows going into the fish busi-

ness. We have a program for 2 years of training of youngsters so

they can go on fishing boats. It is to have a greater development of use
of the crabs, greater use of trash fish, and I am not sure that your
purposes are terribly important for the national interests but are a
little bit too high or esoteric, somewhat like asking a portrait painter
to be a wall painter.

Dr. Robertson. Well, I believe, sir, that in this broad field the
several agencies which have applied missions, such as the Department
of Defense in its particular area or the Department of Interior in

areas such as commercial fisheries, each should pursue its program
aimed at exploiting the resources in the seas aromid us, and they
should do this in every way possible, including contracts with indus-
try, and other methods aimed at developing the kind of systems of
exploitation that are needed.

I feel the role that the National Science Foundation can well play
in a joint enterprise among several Government agencies is in relation

to the universities and to the education and the research, both basic

and applied, which those universities will be doing to undergird the
total program. We cannot call on our universities to do the final

engineering systems development which only industry can do.

Senator Murphy. Dr. Robertson, forgive me, but you are getting me
confused, I thought what we were concerned with was setting up
something like the Colorado School of Mines, if I may oversimplify,
where young men can go and begin to learn, and after they have

C2-99fi— 6^ 12
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learned the basics, then they arrive under this broad concept of what
you are talking about. Is that

Senator Pell. That is my idea. Less esoteric.

Senator Murphy. This is the idea of the committee, I am certain,
that this is to develop or set up the primaiy schools which evidently
don't exist at the present time.

Senator Pell. Or not set up new schools but develop courses in
presently existing schools.

Senator Murphy. Yas, in presently existing schools.

Dr. Robertson. Well, I think that would be
Senator Murphy. I mean, after they graduate, I w^ould see them

going into this broad concept of all sorts of particular accomplish-
ments and special projects that you speak of, but these fellows we are
talking about that w^e want to help, they are not qualified, they
wouldn't understand what you were talking about any more than I do.

Dr. Robertson. Well, I feel, sir, that the academic institution se-

lected for this purpose would develop courses, both undergraduate and
graduate, in all aspects of marine science and technology.

Senator Murphy. I would think you would start with the under-
graduates because you have to begin at the beginning. Before you
get to the graduate school, you have to have undergraduates prepared,
and apparently there is little opportunity for a young fellow going to

school today that wants to become interested in this, where he can get

the courses that we think should be provided because of its obvious
importance not only now, but in the future.

We are trying to get the first step started, is that right '?

Senator Pell. Exactly. For instance, both you, Senator Murphy,
and we in Rhode Island have people going to sea. One of the prob-
lems of people going to sea is find out how you start. It is a pretty

tough life but there are young men who want to do it, but the skippers
in the fishing boats would not take a young man now untrained be-

cause he would be a nuisance unless he is a relative or has a particular

in.

Wliat we are seeking to do to remedy this is to start a program
which is not going to turn out bachelors of arts but will turn out

fellows at the end of 2 years who want to fish. This is the thrust

of the program.
I think what has happened here, and we notice it sometimes from

the Hill, no matter what the merits of a program, rarely does a Gov-
ernment agency not wish to administer it. I think it is interesting in

the executive branch of the Government, the interest in this program.
I hope that the executive branch will get together, come up with a

composite conclusion. Maybe the Bureau of the Budget will be of

some help in that matter, but aren't I correct in saying this that, if

you did administer this program, as you suggest yourself, it would
require an extension of your mandate ?

Dr. Robertson. It would insofar as some of the things that we
would hope to support would be applied research in areas support-

ing our exploitation of marine resources. It would not insofar as it

relates to our charter to support education at all levels in science and
engineering. We could assist in developing the 2-year curriculum
for this purpose, on the 4-year curriculum, or the graduate curri-

culum. There is no question that we have the authority and could
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work in this field as ^Ye have iii many others, to help provide the

kind of education that is needed.

I believe that together with these educational activities should go
hand in hand a research component at the university in which the

faculty and the graduate students would be involved, just as we have
in the other fields. I think this is necessary in order to have univer-

sities serve as centers for creating new knowledge and new tech-

niques and new ways of doing things in the oceans, and in order that

they can better educate people at all levels, both the ones who are in

for a 2-year course and those who are going through to the doctor's

degree m marine engineering, let us say.

Senator Pell. Well, I thank you.

Senator Murphy, do j^ou have any further questions ?

Senator Murphy. No.
Senator Pell. I just repeat my point, that I never heard of a Gov-

ermnent agency not wanting to administer a program, and I guess

this is not an exception to it.

Thank you very much, Dr. Robertson.
Senator Pell. The next wntness is Dr. Sidney Galler, Assistant

Secretary for Science, Smithsonian Institution.

Dr. Galler, I see you have a short statement here. Will you proceed
as you will?

Dr. Galler. Mr. Chairman, the Secretary of the Smithsonian In-

stitution sends his regrets that an out-of-town commitment prevents
him from being here, and with your permission, I would like to read
this rather short statement from him.

STATEMENT OF HON. S. DILLON RIPLEY, SECRETARY OF THE
SMITHSONIAN INSTITUTION, AS PRESENTED BY DR. SIDNEY
GALLER, ASSISTANT SECRETARY FOR SCIENCE, SMITHSONIAN
INSTITUTION

Dr. Galler. The idea of injecting scholarship into the marine re-

sources field is a sound one.

The challenges are many to lure students into this unexplored field.

They can receive inspiration and become productive through legisla-

tion along the lines of this act.

The Smithsonian Institution is deeply involved in studies of the

ocean. We are interested in such fundamental problems as the kinds,
populations, and distributions of plants and animals in the sea. Thus,
this proposed bill is of great interest to us. It could represent a
major step forward in learning about the biology of marine forms of
life, and utilizing this knowledge for improved management for
husbandry of our marine resources.

In 1838-42 the Wilkes Expedition was sent to the southern oceans
to study the occurrences and populations of harvestable whales. Cap-
tain Wilkes recognized that one could not study whales without know-
ing mucli more about the seas in which they liA'^e. He collected
potential whale foods; he sampled the enviromnent to find out wliy
whales occurred where they did. At the time when Senator Justin
Smith Morrill's first Land Grant College Act was passed in 1862, the
fledgling Smithsonian Institution had just taken over, hi 1858, the
Wilkes Expedition collections to study them and to retain them for
reference by future generations of scientists and scholars.



174 SEA GRANT COLLEGES

It seems appropriate that I and Secretary Dillon Ripley as suc-
cessor to former Smithsonian Institution Secretaries Joseph Henry
and Spencer F. Baird of 100 years ago, aa^ain record the Institution's
concern with the total environment and the necessity for greatl}^ ex-
panded studies of life in the sea.

The proposed bill, S. 2439, is an important extension of our efforts
to learn about tlie sea. It offers a great opportunity to exploit this
70-percent of the earth which is still, in man}' ways, a mystery to us.

The proposed act encourages the establishment of research centers
of excellence in existing institutions. Whereas the Hatch Act of 1887
was necessary to extend the Morrill Act of 1862 into scientific research
and experimentation, the proposed act hopefully will give due em-
phasis to basic research from the beginning.
As an extension of this historical illustration, I would like to com-

pare the situation at the time of the passage of the Land Grant College
Act with that at the present time. In 1862 the United States was an
agricultural Nation. The vast majority of its citizens were engaged
in farming as a vocation. The passage of the Morrill Act had been
preceded 2 months earlier by the creation of a Department of Agri-
culture. Under these conditions it was highly appropriate and neces-
sary to place great emphasis on the improvement of practical farming
teclmiques and the dissemination of ideas through an extension system.
By contrast, the seas today are almost as poorly known as was the

American Contment when the Pilgrims landed in 1620. We do not
have a major segment of our population ready to farm the sea. They
are not merely awaiting the dissemination of known information.
This proposed bill is in some ways more visionary in that regard than
its predecessor.

The emphasis in sea grant colleges must be to obtain data of a basic
nature needed for the appropriate husbandly and management of our
marine resources. They must engage in such familiar agricultural

practices as the seeking of brood stocks and experiments on how to

improve them. At the same time they must approach with diligence

the problem of inventory of the available resources and evaluation of
their potentials. We know which varieties of cows should be hus-
banded for milk production and which for beef. We have no similar

information on the sea creatures. We do not even know the complete
life histories of one of our most important commercial fisheries, the

tunas.

Hybrid vigor is recognized as a most useful factor when applied to

the production of com, chickens, beef, and other agricultural products.

Yet today we do not even possess a rudimentary knowledge of the

genetics of some of our most important species of fish. Only recently

have we succeeded in culturing artificially some of the most common
fish species. We will not be ready to move vigorously into the hus-

bandry of marine resources until the fundamental knowledge about
the classification, ecology, and genetic characteristics of the life forms
of the '-ieas is acquired.

I hope that this bill will focus attention on the need for basic re-

search which must be carried out in order to achieve success in the

exploitation of marine resources.

Additional activity stimulated by a bill along the lines as this

would assist the Smithsonian Institution in increasing its fundamental
investigations of many kinds of marine organisms of the sea by mak-
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ing more specimens available to us for study. As the agency respon-

sible for the national collections, we would be called on to identify the

unusual sea organisms and to produce better lists, descriptions, and
monogi'aphs of the organisms to be encountered. The Institution

would continue to utilize its research collections to advance the ability

of the Nation to exploit its resources.

Colleges have a continuing need for identifications of animals and
plants. The Institution has provided for identification of such speci-

mens through making available reference collections, special library

facilities, and staff assistance. We provide identifications directly

and serve as hosts for scientific staffs for the specialists of the Depart-
ment of Agriculture and Interior for example. We would hope to be
able to extend our scientific and intellectual resources to meet the

exciting challenge proposed in S. 2439.

I thank you, Mr. Chairman.
Senator Pell. Thank you. Dr. Galler.

As to be expected from the Smithsonian Institution, I notice that
your testhnony was deft and muted and brought forth chuckles of
appreciation from the audience.

I have great admiration for the work that you do. I was struck
particularly by your point about how primitive we are in our fishing

today, and how little we know, and actually our fishing—we talk

about aquaculture as opposed to agriculture—fishing today is really

at the same stage as when my own Indian forebears in this country
were picking berries and food as they came across them and then moved
on. ITltimately harvesting by this nomadic approach was replaced by
establishing fixed farms. In harvesting the seas' resources we have
not yet reached the farm stage.

Dr. Galler. That is correct.

Senator Pell. And you are very right. We are very far behind.
Now, there is one question that I have been asking various witnesses.

I would be very interested in your response to it. One of the prob-
lems is where this program should be administered and while origi-

nally we had thought in interim of the National Science Foundation,
the question has come up as to whether that might give too theoretical
a cast to it or an approach to it, also too much of the so-called indi-

vidual grant as opposed to program grant approach, and perhaps not
enough emphasis on the types of work which are rather mundane and
not necessary even at the college graduate level.

One of the thoughts that I had was that it might well go into the
Smithsonian Institution to be spun off at a later date as we see fit or
remain, but most likely spun off to whatever agency might be set up
under the Magnuson bill to have responsibility for the development
of oceanology in our quest. It may be a wet NASA—I would say I
hope not—or it may be some other kind of agency. It is extremely
imlikely that any Government agency would decline to take on a pro-
gram, but I just wanted to ascertain your own thoughts in this matter
and if you would be willing to take this on and if you wanted to take
this on. Wliat are your views ?

Dr. Galler. Mr. Chairman, I can only respond in a circumferential
way to this question because it does involve a question of policy which
would have to receive the appropriate consideration of our Board of
Regents. So with your permission I would like to respond as a per-
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sonal opinion without necessarily implying a position on the part of

the Board of Regents.

I would like to point out that tlie Smithsonian Institution has indeed

served as the parent body for organizations of scholars and scientists

later becoming mcorporated into new agencies. For example, harking

back to the comment made previously in response to your question,

Spencer Baird was indeed a part of the Smithsonian Institution and
was in many ways the father of research activities now residing in the

Fish and Wildlife Service of the Department of Interior.

Similarly, the Smithsonian Institution has fostered, not by pre-

meditation I might add, basic research research leading to the develop-

ment of the NACA, the Weather Bureau, and in some ways the Na-
tional Bureau of Standards.

Senator Pell. Excuse me. I was diverted for a moment. You say

that the Bureau of Commercial Fisheries did start in the Smithsonian

or did not ?

Dr. Galler. I did not wish to give that impression, Mr. Chairman.
Spencer Baird laid the scientific groundwork for what later became
the research program now vested in the Department of Interior Fish

and Wildlife Service. To be specific, as one of the great m.arine

biologists of our Nation and as a person with considerable foresight,

envisioning the exploitation of the sea resulting from basic research,

he was instrumental in establishing a fishery commission which was
later to become tlie organization that we call the Bureau of Commercial
Fisheries. So that indirectly one of the Secretaries of the Smithsonian
Institution was instrumental in introducing the scientific climate which
led to the establishment of an independent agency, and as I point out,

this was true also for other agencies formed from Smithsonian
activities.

Their formation however, was not by premeditation. It was, rather,

recognition by tlie Regents that a body of scliolarship had reached a

point where it could become not only intellectually self-sustaining but

also programmatically self-sufficient.

If we were to take on the organization sponsored in this bill, it would
be one of the first premeditated actions of this kind in the histor;y' of the

Smithsonian Institution. Let me say, also, that the Smithsonian In-

stitution has always attempted to be responsive to the wishes of Con-
gress and the Chief Executive. That is the extent that I would be

prepared to speak on that particular question, Mr. Chairman.
Senator Pell. It is a somewhat circumferential reply, but I think

I get the message.
I had another question here. Do you think the bill's emphasis on the

application of science is correct or wrong ?

Dr. Galler. Mr. Chairman, I think that the emphasis is quite cor-

rect, provided it does not close the door to the need for basic knowledge
in order to sustain the applications. I would hope sincerely that the

bill would not emphasize or accentuate the schism that appears to exist

between the scientists who are engaged in the acquisition of funda-
mental information and those agencies who have large national respon-

sibilities of a mission-oriented character. There is indeed a schism.

It is one that is unfortunate, but it is perhaps a natural product of

growth of research and development in this country where we have
found that agencies responsible for mission oriented research are



SEA GRANT COLLEGES 177

naturally inclined to select those fundamental research proposals which
appear to be relevant to the fulfillment of the missions of the agencies.

This, however, has created serious gaps in the support of funda-
mental science, so-called unfashionable science, which nonetheless

must provide the informational coherence needed in order to apply
the data resulting from other kinds of basic research.

I envision that S. 2439 would provide the transitional or transla-

tional mechanism that the Hatch Act provided for the land-grant col-

leges and actually pull together programs for basic research which
could in turn nurture the mission-oriented interests of the several

agencies. Also, it would also provide a feedback mechanism, if you
please, whereby the agency interests and needs could be conveyed to

a center of scholarship and research and provide the broad program
frame of reference for fundamental research of primary concern to

the scholars and scientists but consistent with the long-range interests

of our Nation.
Senator Pell. I find your answers a little confusing. To boil it

down, do you feel the empliasis on the application of knowledge, of

exploitation of knowledge, is good or poor 'i

Dr. Galler. Good. Absolutely necessary. But I would also like

to point out, if I may, Mr. Chairman, that application is only as sound
as the pool of knowledge upon which it is based and I feel that we have
not acquired sufficient knowledge of tlie sea and the biota in the sea

to feel confident that we are ready for a broad, comprehensive, in-depth
application without additional basic research.

Senator Pell. The purpose of this bill is not to add to that pool of

knowledge. The purpose of this bill is to utilize the knowledge we
already have.

Dr. Galler. Yes, sir. I understand this. It is also my thought,
however, that the bill will provide a point of focus for more funda-
mental research.

Senator Pell. I want to make it veiy clear that my own personal
thinking in proposing this idea w^as not that development. Obviously
you want basic research encouraged, but there is too little money and
it would be spread too thin and it is the practical application and the

use of it for the fishing industry, the tuna fisheries out in California,

the trawlers out of our own part of the country, the mineral people

in the South who could better use the knowledge we have.

Dr. Galler. Yes. May I also take this opportunity to point out

that the bill will have a byproduct impact on basic science. It will

tend to stimulate scholarship, whether it is the primary intent of the

bill or not, and I think this augurs well. For example, I think it could

close a gap that has existed between the so-called limnological or fresh

water sciences and the marine sciences.

Let me point out, if I may, that many of the leaders in oceanography
today are either first or second generation fresh water biologists, fresh

water geophysicists, who took their early training in institutions not

located on the coast but located in the interior of the country. Limnol-
ogy, or fresh water science has been and continues to be an important
educational resource for the training of scientists in the marine
sciences.

Senator Pell. Thank you very much.
Senator Murphy ?
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Senator Murphy. No questions. Thank you very much.
Senator Pell. Thank you very much.
Dr. Galler. Thank you.

Senator Pell. Our final witness today is Rear Admiral Waters, the

oceanographer of the Navy, and I would like to thank Admiral
Waters particularly for beino; kind enough to come up here today
on short notice as opposed to tomorrow.
Admiral Waters, I hope you will proceed as you will, and let us

know your views on this bill and its application to the Navy and your
own thinking.

Please proceed.

STATEMENT OF REAR ADM. ODALE D. WATERS, JR., OCEANOG-

RAPHER OE THE NAVY, U.S. NAVAL OOEANOGRAPHIC OFFICE,

WASHINGTON, D.C.

Admiral Waters. Thank you, Mr. Chairman. Because of my
change in schedule, it may be that copies of my statement have not

arrived yet.

I have accepted your kind invitation, sir, to appear this morning
with a great deal of personal pleasure.

Because of my present assignment in the billet of the Oceanographer
of the Navy, I have a continuing interest in the subject matter in-

volved in these hearings. At present I have held this position for a

period of only 8 months. Last fall the term "oceanography,'' I must
admit, was somewhat poorly defined in my own mind, although I had
been associated with the sea for many years. The overall field ap-

peared to hold interest for both young and old, military and civilian

alike. Man}^ highly trained and qualified j^ersonnel were drawn into

governmental ranks under the terminology of "oceanographer." In

the intervening months I have come to realize that by far the greatest

numbers of persons working in this field, both within my own office

as well as other Government agencies, are not oceanographers in

terms of academic background but in terms of on-the-job training in

the Office as well as at sea. Recruiting problems are great and the

Oceanographic Office has no greater drawing power than any other

agency involved with the hiring of qualified personnel in this field.

At last count we are still averaging from 50 to 70 persons short of our

requirements in this category.

Young people apply for work and then must be trained after accept-

ance. The end result is a relatively long period of training before

we can allow these people to go to sea on surveys. Everyone asso-

ciated with oceanography today feels the impact of the acute person-

nel shortages involved. This same holds true for many other fields,

but I doubt they can also claim the general lack of university-type

training which exists for the young man or woman about to enter this

limb of scientific endeavor. These shortages are felt throughout the

entire oceanographic world but at present appear to be most acute in

the disciplines of physical and chemical oceanography. The govern-
mental, industrial, and academic communities are all clamoring for

additional personnel to fill the gap.
The oceanographer of the Navy is the curriculum adviser for all

naval officer personnel enrolled in academic oceanographic study
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throughout tlie United States. In addition, the assignment of officer

subspeciaUsts in oceanography is coordinated between the Bureau of

Naval Personnel and my Office. In this role we are contmually striv-

ing to reach a fine mix of academic oceanography with those environ-

mental processes which may afi'ect both naval operations and systems.

Consequently, as oceanographer, I favor the "sea grant college" con-

cept of training and research, since all output from this type endeavor
must, of necessity, eventually assist the Government and Navy.
While the sea grant college program is not designed specifically to

produce additional oceanographers per se, it relates to training in many
aisciplines as they pertain to the sea. In addition, the direction of

pure and applied research in study areas associated with the sea cannot

help but benefit both military and civilian approaclies aimed at the

conquest and use of that environment.
Thus, the main purpose of my testimony this morning is to advise

you that my Office fully supports the major objectives of this proposal.

I have no specific knowledge of or recommendations to make with
respect to the various avenues wliich may be utilized to finance such a

proposal or, in fact, the requirements which should be laid upon any
college or university seeking grants under tliis program, if approved.
These are problems which fall outside the province of my Office. I can
only reiterate that a program along the lines as that discussed in the

"Conference on the Concept of the Sea Grant University" held in

Newport, R.I., in October 1965 along with the broad guidelines pro-

posed by the National Sea Grant Committee in February of this year,

cannot lielp but advance the state of academic preparation of our young
men and women. It is also quite evident that the additional educa-
tional programs provided in a sea grant college toward botli pure and
applied oceanographic research, will be of imriiense importance to the

many fields of endeavor developing in the oceans, whether they be
military or civilian, educational or operational, commercial or recrea-

tional. A greater output of personnel trained in either basic oceanog-
raphy or in fields such as engineering, meteorology, mining, food re-

sources, or shipping as they appl}^ to the world ocean, cannot help but
give a great boost to the efforts toward more effective utilization of
the oceans by our country.
Thank you, sir.

Senator Pell. Admiral Waters, your very title provides me the op-
portunity to bring up a point that has bothered me a little bit, and that
IS the term "oceanographer," or "oceanography." I found sometimes
the very mouthing of that word a little difficult as opposed to oceanol-
ogy and to my mind oceanology is a broader term. Oceanography

—

1 have just had it looked up in the dictionary—has more to do with
something written on a chart or map, the mapping of, while "ology"
means science, a branch of loiowledge.

Would not your title perhaps be more correctly that of "oceanologist
of the Navy"?
Admiral Waters. Well, there are many opinions about this, sir.

Senator Pell. What would be your views ? I would be very inter-

ested.

Admiral Waters. Well, sir, I suppose my views can best be stated
by saying that the title of "Oceanographer of the Navy" was created
by Congress. It is pretty well understood throughout the country
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and the world, although some of the foreign countries are adopting
oceanology. I believe the Soviet institutions use that term. But
since it is so well known, so well accepted, and covers such a broad
field that a succinct definition is rather difficult to arrive at, I have
Jio quarrel with either term, sir.

Senator Pell. Wiien we speak of oceanography as a general rule,

are we not really tallying as a rule about oceanology ?

Admiral Waters. Yes, sir; because oceanography, going back to

the pure definition of it, is concerned with writings concerning the

oceans, whereas oceanology covers the whole field of science.

Senator Pell. It reminds me a little bit of some phases of our
foreign policy. We start out with a policy and we just keep the same
policy because it is a matter of tradition, ,and I am wondering if as

time goes on—I am seeking to do this in this bill—we might bring in

more and more the term "oceanology" which would perhaps, as you
point out, be more understandable abroad and by the developing
body of oceanological knowledge that would be developed in th^

world. You would not be adverse to that idea ?

Admiral Waters. No, sir.

Senator Pfxl. Do you see in the application of this bill any direct

relationship of the application of this bill and the U.S. Navy?
Admiral Waters. Yes, sir.

Senator Pell. In what ways?
Admiral Waters. Well, as I tried to bring out in my statement,

sir, the great impact on this bill on the Navy will be the production
of more trained people and trained people are the big bottlenecks
today across the country, both in the Federal Government and in

industry.

Senator Pell. Now, in trained people, are you speaking of tech-

nicians, bachelors with a proficiency in the field, or graduate scientists?

Admiral Waters. I am speaking of all of them, sir, but I would
like to point out that the need for subspecialists or technicians is rising

at just as rapid ,a rate as the need for professionals, not that we do
not need professionals, but we also need technicians and because the
proportion of technicians that you need has increased with the increase

in the complexity and sophistication of our instruments.

In the old days it used to be that you could send a group of pro-

fessional oceanographers to sea and if they could operate a screw-

driver, they could usually keep their instruments going. These days
it is not that way. So you have to have a mix of technicians, elec-

tronic technicians, electricians, and so forth.

Senator Pell. Reverting to the earlier discussion then, you would
welcome the thrust of this legislation which is really to turn out more
technicians, and people proficient in the ways of working at the sea,

and it is not designed to increase the number of scientists. I realize
we need both, but the production of scientists is a responsibility of
the institutions of learning, the National Science Foundation, but it

is not the end of this bill. Under this bill the man will finish 2 years
training, without his college degree, and must come to you for his
military service and might prove quite proficient in his work. This
progi\am you like, I gather.

Admiral Waters. Yes, although as a personal opinion I would tend
to agree with Dr. Galler's testimony in which I believe he indicated
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that he felt that any injection of funds into our educational system
for oceanography, regardless of what level they go in on, I do not think
it can help but assist the whole program. In other words, It would
have its effect whether the bill says so or not on the entire education.

Senator Pell. Beyond the fact that this bill will obviously not be
administered by the Navy, do you have any thoughts as to where it

might best be administered in the Federal Government ?

Admiral Waters. No, sir.

Senator Pell. Any of the ideas that have been advanced, though,
the Office of Education, the National Science Foundation, Smithsonian
Institution, they would be in our view of equal merit.

Admiral Waters. Yes, sir. My reply to that I think would have to

be confined to the fact that it does not seem to be within the Navy's
purview.
Senator Pell. Right. I thank you. It is always particularly nice

as a Senator from Rhode Island to welcome a representative of the
Navy because the Navy and Rhode Island are pretty well intertwined

and even our coats of arms are the same. We have an anclior and so

do you, but the difference is ours is unfouled and the Navy anchor is

fouled. [Laughter.]
We are delighted you were here, and the session will now recess

until tomorrow morning at 10 o'clock. We are going to wind up
tomorrow at noon, so we seek the 10-minute rule, if any of tomorrow's
witnesses are here. My colleague and the senior member of this com-
mittee. Senator McNamara's funeral service is at 12 tomorrow and
we will not be in session during his funeral service.

(Whereupon, at 11:55 a.m., the committee recessed to reconvene at

10 a.m., on Wednesday, May 4, 1966.)
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WEDNESDAY, MAY 4, 1966

U.S. Senate,
Special Subcommittee on Sea Grant Colleges
OF THE Committee on Labor and Public Welfare,

Washington^ D.C.

The special subcommittee met, pursuant to notice, in room 4232, New
Senate Office Building, at 10 a.m., Senator Claiborne Pell (chairman)
presiding.

Present: Senator Pell (presiding).

Committee staff present : Fitzhugh Green, special assistant to Sen-
ator Pell ; Stewart E. McClure, chief clerk; Roy H. Millenson, minor-

ity clerk.

Senator Pell. The third session of the Special Subcommittee on
Sea Grant Colleges will resume its hearing today. We will be terminat-
ing at 12 in deference to the funeral of Senator McISTamara. So I trust

we can get through the scheduled witnesses this morning.
Are either Representative Clausen or Representative Keith here?

Pending their arrival, we will go on with the executive branch and
private witnesses.

The first witness this morning, then, will be Captain Snyder of the

Interagency Conunittee on Oceanography, who is appearing in behalf

of Mr. Morse, and Mr, Abel is with him, a fact of which I am glad.

Captain Snyder, will you proceed ?

Captain Snyder. Good morning. Dr. Morse is still on the sick list

He sincerely regrets his inability to appear this morning.
He did write this statement and, with your permission, I will read

it as if he were here.

Senator Pell. All right.

STATEMENT OF HON. ROBERT W. MORSE, ASSISTANT SECRETARY
OF THE NAVY (RESEARCH AND DEVELOPMENT), AND CHAIRMAN
OF THE INTERAGENCY COMMITTEE ON OCEANOGRAPHY, AS
PRESENTED BY CAPT. J. EDWARD SNYDER, JR., U.S. NAVY, AC-

COMPANIED BY ROBERT B. ABEL

Captain Snyder. Mr. Chairman, members of the subcommittee-
Senator Pell. Excuse me. If anybody in the back of the room can't

hear, raise your hand.
Will you talk more into the microphone, Captain, and raise your

voice, and if you can't hear me, let me know, too.

Captain Snyder, It ^ives me great pleasure to appear on behalf of

the Interagency Committee on Oceanography (ICO) to discuss the

183
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ICO's view of the sea grant college concept, as put forward in Sena-

tor Pell's bill, S. 2439.

Since the essential components of this legislation are presented in a

very straightforward manner, and because they represent not an en-

tirely new concept in terms of applied research, education, and train-

ing—but rather an ingenious twist on an educational approach which

has already established itself as a success—I feel that I can be equally

direct and precise in expressing those views which are the reason for

mj being here today.
'There is no doubt of the general need for the continuance of Federal

assistance in developing and maintaining centers of oceanographic

excellence in our miiversities. The establishment of such centers of

excellence necessarily includes the support of means whereby a broad

range of skilled manpower can be developed to handle theoretical and

practical problems soon to be encountered by the research scientist,,

the development engineer, and the technician who supports the ocean

operators. All of this contemplates progress in instrumentation, re-

source development, intelligently integrated academic curricula, pur-

posefully defined research goals, improvement in operational tech-

niques, and last but not least—dissemination of the knowledge ac-

quired to those people who daily work will eventually exploit the ocean

to the fullest.

I can say without reservation that the Interagency Committee on

Oceanography supports the concept of sea grant colleges as outlined

in S. 2439. If I might also depart from custom, I might add that my
personal views are identical to that of the ICO.

I would like us to look at a problem of administration—and from
your vantage point, gentlemen, one of legislation—which I think we
will all agree is most difficult-—the question of implementation. Or
said in other terms: "What is the best way to go about getting this

done ?" S. 2439 calls for the deposit, in a special account in the Treas-

ury, of 10 percent of all bonuses, rentals, and royalties paid to the

Federal Government after June 30, 1965, in accordance with the pro-

visions of the Outer Continental Shelf Lands Act.

The conclusion that the ICO has reached is that no program of

this nature should look to funds earmarked from another source for

its subsistence. If the principle is worthwhile, which this one is, it

should stand on its own merit. Thus the ICO feels that needs and the

means to meet them should be analyzed and then funds to support them
can and should be provided through the normal budget and appro-

priation processes. This would insure that funding is planned in re-

lation to the required program and that funding is adequate to meet

the challenging opportunities.

I feel certain that State enthusiasm for this program can best be

effected by a stipulation in this bill that Federal moneys allocated for

the development of these "centers of excellence" be paralleled by funds

from individual State legislatures, according to an apportioned

formula.
Another aspect of "State participation," which the ICO feels is

deserving of careful attention, is the, question of which States should

receive the benefits of such a bill were it to become law. I do believe

that some means should be devised whereby all of the 50 States, regard-

less of their location in proximity to the oceans or the Great Lakes,
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could qualify. Surely the call to the sea has not in the past been con-
fined to residents of coastal areas nor is that likely to be the case in the
future.

But of even more substance are the declarations of purpose in S.

2439 calling for the use of marine resources to provide greater eco-

nomic opportunities, expanded employment and trade, new sources of
food, and new means for the utilization of fi-esh and salt water. These,
we believe, are the most obvious opportunities for true State participa-

tion, particularly in the case of our landlocked States. Therefore, we
urge that due consideration be given to recovery, conservation, process-

ing and marketing techniques, and to the "home economics of marine
products.'- These subjects should be well within the meaning of "* * *

education, training, and research in the marine sciences and a program
of advisory services * * *.''

Concerning the point of an executive agency to administer the use
of allocated sea grant funds, the Interagency Committee on Oceano-
graphy concurs with Senator Pell's designation of the National Science
Foundation. The ICO feels that the considerable experience of the
Foundation in the interaction of the academic community and the Fed-
eral Government makes the NSF the best agency to administer the bill.

We do feel strongly that members of the ICO—particularly Navy,
Commerce, and Interior—have essential roles to play and also should
provide advisory services to the Science Foundation in view of the
complex ends to be served by S. 2439. The ICO stands ready to assist

the Science Foundation in the performance of its administrative duties
under the act, thus recognizing these essential roles and insuring direct

participation by other agencies in the sea grant college structure.

In closing, the ICO is in full agreement with the three basic premises
of S. 2439—first, that the time is ripe for an aggressive move toward
fuller exploitation of the resources of the seas ; second, that our uni-
versities and colleges must pay a key role in this movement ; and third,

that while ocean science itself is in good shape, the exploitation of
ocean resources requires a forward thrust.

Thank you vei'y much, Mr. Chairman. I will be happy to try to at-

tempt to answer any questions.

Senator Pell. Thank you very much, indeed.
Returning to the three points you mentioned, first, the relationship

of the amount of money that would be authorized through the reve-

nues from the rents and royalties, the reason for that is to show that
this would be a self-generating measure. I realize that there are
executive branch reasons why they don't like to create separate trust

funds and I am conscious of this fact.

In this connection, have you been in touch with the Bureau of the
Budget? Have you any idea what their general view^ point is in this

bill?

Captain Snyder. Yes, sir. Dr. Morse had this statement wliich he
wrote taken to the staff of the Bureau of the Budget and to the Office

of the Secretary of Defense, and this particular statement represents
the official position of the Department of Defense, his own personal
viewpoint, the position of the Department of the Navy, the concensus
of the Interagency Committee on Oceanography, and the Bureau of
the Budget had no objection.

Senator Pell. Do you think a letter could be forthcoming from the
Bureau of the Budget that if these measures, the suggestions, were
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met by the committee, that the bill would be agreeable to the ad-

ministration, because as you know, from the viewpoint of actual

passage, it is very important that there be some specific statement of

approval of the Bureau of the Budget.
Captain Snyder. I think each agency's official submission to you

does have in its end paragraph that the Bureau of the Budget has no
objection, again, stated, not in the statements, but in the official letters

that the heads of each agency write to you in their comments on the

bill.

For example, the National Science Foundation's statement says in

its final paragraph

:

The Bureau of the Budget has advised us that it has no objection to the sub-
mission of this report from the standpoint of the administration's program.

So that if the agency, the majority of agencies, are in favor of it

and they all contain this statement, as I understand it, that is the

Bureau of the Budget's concurrence.

Senator Pell. And, as I understand it, your Interagency Committee
is the key executive branch group for coordinating executive branch's

opinion and 3^ou are authorized, in this connection, then, to speak on
behalf of the Bureau of the Budget so that if—and I am not saying
that the committee will agree to the various points raised in your state-

ment, but if all the points were accepted, would this bill be agreeable

to the Bureau of the Budget ?

Captain Snyder. I thnik I would have to directly ask them but it

is my impression that it would be agreeable, as stated.

Senator Pell. Right. I think it would be of help after we have
discussed this, if a letter could be forthcoming from the Bureau of the

Budget to this effect and maybe Mr. Green of my staff could be in touch
with you in this regard.

Now, another question is, with regard to the matching formula idea,

which we had not thought of in the basic bill. It may have merits.

Have you thought of the idea of what formula—50-50, 90-10, 75-25 ?

Captain Snyder. Speaking for Dr. Morse, Dr. Morse has kicked this

around in his own mind and has not come to any firm formula. This
is only a suggestion on his part because there are many things that

have to be taken into consideration—the exact nature of the program

—

and it may not be true that the apportioned formula would be the

same as rigid guideline.

Senator Pell. What about the viewpoint of the Bureau of the

Budget? Do they have any view as to what the formula should be?
Captain Snyder. No, sir. They have not expressed any view, sir.

Senator Pell. But they do have a view that it would be a good idea,

presumably.
Captain Snyder. They accept that, sir.

Senator Pell. The}^ accept it. I see. But, from the viewpoint of
the Government, if it was a 90-10 percent formula, 90 percent Federal,
10 percent State, which would show some sort of State interest or com-
mitment, that would be acceptable to the executive branch of the
Government and the Bureau of the Budget, in your view.

Captain Snyder. That is my understanding. And my under-
standing is, also, what you just expressed, that the real reason for

this is that a person doesn't have a stake unless he has an interest,

and the best way to insure interest is actual dollars out-of-pocket.
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Senator Pell. This, of course, is not done with other programs ad-

ministered, if my recollection is correct, by the National Science

Fomidation in similar programs, is that correct ?

Captain Sntder. That is correct, sir. However, there is no prohibi-

tion against this.

Senator Pell. Nor is it a custom in the administration of land-

grant colleges.

Captain Snyder. That is correct.

Senator Pell. In other words, this would be a new concept.

Captain Sntder. Yes, sir.

Senator Pell. This one might find difficulty in being worked out.

Now, with regard to the administering agency, the thought has
gone through my mind as we have discussed, speaking privately,

that since the purpose of the bill is more to develop grant assistance

to programs and, also, the purpose of the bill is the actual exploitation

of the knowledge we already have, not the development of further

basic research, that it might be best to put it in some temporary
agency. The idea being that it will be spun off eventually to the agency
that is set up as a result of the bill presently being discussed in the

Congress to administer oceanological studies or oceanological work.

My main thought was that the Smithsonian Institution might be
a good agency to take it on a more or le?s temporary basis, since I feel

that if it went to the National Science Foundation, there would be too

much emphasis on pure science, and also that the grant aid would
generally be to individual projects and not on an institutional basis.

What is your thinking on that ?

Captain Sntder. I would like to speak for what I believe to be
Dr. Morse's thoughts on this matter.

No. 1, all of the agencies in the Federal Government who could

administer this bill were considered. Each one was looked at with
the objective which I believe is the objective of your bill, and that

is to deal more in the applied areas, more in the actual exploitation

as opposed to the basic research. It is true that the National Science
Foundation is oriented toward basic research and that is its principal

responsibility. However, I believe that the statement made by Dr.
Morse is very explicit on that point and that is, in order to assure

the kind of objectives that he feels you are discussing, that at a mini-
mum, the Navy Department, Interior Department, and the Com-
merce Department should play a key role.

He feels this can be accomplished through the mechanism which
already exists in the executive branch, namely, the Interagency Com-
mittee on Oceanography. I think most people on the ICO feel very
strongly that it is a worthwhile bill. Therefore, there should not be
any sort of temporary home, that it should have a permanent home,
because if people really are convinced it is temporary, they won't
get, necessarily, the best kind of people to administer the program.

Senator Pell. What about the Smithsonian as a permanent home?
Captain Sni-der. Actually, and particularly after liaving read Mr.

Caller's statement yesterday, the Smithsonian seems to be only inter-

ested in basic research and pure science.

Senator Pell. My recollection of Mr. Caller's statement was that
they fully understood, though, that this bill was for the practical ex-
ploitation of scientific knowledge already available. Maybe this came

62-996—00 1?,
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out in the verbal exchange. I realize the statement he made had tliis

emphasis. I want to refresh my memory on that.

Captam Snyder. I didn't mean to infer by that, that the Smith-
sonian wouldn't accept it. I merely meant to infer that my under-

standing of the Smithsonian's role is that it is a more narrow role

than even the National Science Foundation in this field.

Senator Pell. Right. I will revert to that in a moment because

I am getting a copy of the statement.

There are several other questions that I would like to ask, not only

in behalf of the minority who have offered them, but, they are very
sound questions and I share their viewpoint in this, just to get it in

the record.

What executive agencies comprise the ICO? Maybe you can

submit a list for the record. Fine. Just the 18 different

Captain Snyder. Well, there are only eight or nine. Actually,

when they refer to 20 or 22, they are referring to subdivisions with-

in, say, the Navy Department and Commerce Department.
Senator Pell. Maybe you can submit for the record, for inclusion

at this point, a list of the agencies that compose the ICO and a break-

down of the Government agencies which are presently involved in the

administration of oceanological work.
Captain Snyder. Yes, sir.

(The information subsequently supplied follows:)

Interagency Committee on Oceanography

Department of Defense : Hon. Robert W. Morse (chairman).
Atomic Energy Commission : Dr. Jolin N. Wolfe.
Commerce : Vice Adm. H. Arnold Karo.
Health, Education, and Welfare : Mr. Harry G. Hanson.
Interior : Mr. Donald L. McKernan.
National Science Foundation : Dr. Harve J. Carlson.

Smithsonian Institution : Dr. I. E. Wallen.
State : Mr. Herman Pollack.

Treasury : Rear Adm. William W. Childress.

OBSERVERS

Bureau of the Budget : Mr. E. L. Dillon.

Council of Economic Advisers : Dr. Guy Black.
National Academy of Sciences Committee on Oceanography : Dr. Milner B.

Schaefer.
Office of Science and Technology : Dr. H. William Menard.
ICO Executive Secretary : Mr. Robert B. Abel.

Senator Pell. What do you estimate the cost for each of the first

5 fiscal years of this bill, what do you think would be the cost of

this administration ? Do you have any thoughts ?

Captain Snyder. I really couldn't answer that without having seen

the real specifics of the bill.

Senator Pell. My question here is. Since the Bureau of the Budget
would prefer not to tie it into the rents and royalties, what do they

think would be fair authorization for the bill, for the first 5 years?

Mr. Abel.
Mr. Abel. If we can go back a couple of statements. Senator, we

were originally discussing the application of this bill, talking about

the Federal-State relationships as limits, and then, within these
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limits, allowing the administering agency to manage the program
according to tlie merits of the proposals received. Traditionally, the

Science Foundation reacts to these proposals after they are received,

and can better formulate its planning on the basis of the nature of

the proposals themselves, in terms of their scientific merit, the capac-

ities, the alreeady recognized facilities of the agency or the institu-

tion in question, and the proven work or reputations of the investi-

gators within those institutions.

Senator Pell. You are not thinking that the money authorized

in this bill should be just turned over to the National Science Foim-
dation to be allocated between a variety of its programs, are you ?

Mr. Abel. As Captain Snyder stated, the National Science Founda-
tion would also acknowledge roles to be played by Interior, by Com-
merce, by HEW, Smithsonian, and Navy, and would react, based
partly on their influence and advice.

Senator Pell. Right. But my basic question is. What would be
the cost to the taxpayer of the enactment of this bill if we do not re-

late it to the rents and royalties for the first 5 years, in your view ?

Captain Snyder. This is a function of the total numbers of centers

of excellence that you would have. You can get a ballpark figure

by, for example, wdiat does it cost to run Scripps or Woods Hole, or
depending on what you really envision, it costs you approximately
a million dollars a year to run an oceanographic vessel, and Scripps
and Woods Hole budgets are between $6 and $8 million a year. And
smaller institutions run between $2 and $5 million a year. And
your advisory services, much simiar probably to the Department of
Agriculture in its

Senator Pell. What I am really driving at here is wdiat sort of
figure would fall within the guidelines of acceptability to the admin-
istration from the viewpoint of the budget? Do we talk in terms of

$10 million a year, $25 million a year ? Would you hazard a thought ?

I had tied it in originally, you see, to the rents and royalties which
gave the specific amount, probably in the neighborhood of $15 million
a year. I am very interested in your thinking since you are in touch
with both the administration, and the Bureau of the Budget, what sort

of figure they are thinking about.

Mr. Abel. Speaking in terms of allocations that the Science Foun-
dation and other sponsoring agencies will give to some of these major
institutions and, of course, it is going to vary, and depending on the
number of institutions that come in with proposals, I would suggest
that a minimum of $10 or $15 million woud be required to get the
program off the ground the first year.

It is a guess on my part, without interviewing the institutes them-
selves.

Senator Pell. Right. But, then, as one said, if we made an author-
ization of say, $15 million, $20 million a year, for the first 5 fiscal years,

that would be acceptable to the administration? Not as a minimum
but as an approximate figure.

Mr. Abel. I would have to defer to a statement from the Bureau
of the Budget.

Senator Pell. Right. This is what we need. This is the hard core

of trying to promote this bill's passage, because I know how imjior-

tant it is to have the administration's support and approval. Not only
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would I like to see no objection, but I want to know if the administra-
tion supports the objectives of this bill and believes in it, and if they
do, what are they willing to allocate in their budget for its enactment.
Mr. Abel. We have found, in preparing the national programs in

previous years, that it is rather difficult to try to predict what can be
allowed by the executive branch of the Government for one agency
or a combination of agencies owing to the miforeseeable factors that
creep m.
For instance, we could not, ahead of time, predict the Vietnam

problem in terms of the money needed for other programs.
Senator Pell. No, but in this particular case, if you want us to

leave out the 10 percent of rents and royalties, we are going to have to

put in a dollar figiu'e. I am asking your suggestion from the adminis-
tration's viewpoint, what dollar figure

Mr. Abel. I think in this case, Senator, what we could do is ask the
Bureau of the Budget for an opinion.

Senator Pell. I would be grateful and, as you know, we plan to

close out the record. I think, on May 12, so I would like a figure.

My assumption would be a figure equivalent to the rents and royalties

if we left the rents and royalties concept, then it would be a figure

equivalent to the amount because this is what all the witnesses have
been thinking in terms of, 10 percent of that amount, which would be

in the neighborhood of $15 million or $17 million.

But, finally, how do you believe the funds should be allocated among
the different States ? You do believe, as you say in your testimony,

that the inland States should be included, but should they receive

proportionately the same allocations as seaboard or lake States?

Captain Sxtder. This would be a function in addition to an ordi-

nary apportionment, what their program actually was, and what this

contribution would be to the national goal of exploiting the ocean._

I don't think you can answer that arbitrarily. If you did, I think

you wouldn't have a very good program
Senator Pell. I must say I agree with you. I don't think it can be

decided like the basis for midshipmen for the Academy.
Captain Snyder. No, sir. I don't think anyone had an intent in

that direction. The fact is that the sea is a national resource belong

to the whole country. Some method should be found as. for example,

the Navy is not limited as to its sailors and officers—they do not come
from just the coastal States.

Senator Pell. I think we really must depend, as you say, on the

degree of interest and the desirability of the individual States.

Are there any further points that either you. Captain Snyder, or Mr.

J^\)q[—and I would like to pay tribute here to the work Mr. Abel has

been doing in helping pull together the work of the ICO—would like

to submit for the record?

If there are any further thoughts you have, the record will be open

to ]May 12 so they can be inserted,

Mr." Abel. Thank you, Senator. Not at this time, but we will ap-

proach the Bureau of the Budget.

Senator Peli.. Yes. My main objective is to get this bill passed,

the basic concept passed. I think it will carry itself once it is passed.

It is obviously in the national interest, both from a civilian and eco-

nomic and defense viewpoint. So we will adjust the various portions

of the bill in order to secure the passage of the basic concept of it,
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but we have to liave the specifics of what is acceptable to the admin-
istration, so that we can have that little added support.
Thank you very much. And please bring our greetings to Mr. Morse.

We are very soriy to hear of his illness.

Senator Pell. Congressman Clausen is now here and will offer his

testimony.
Mr. Clausen. I see Mr. Keith has come in, too.

Senator Pell. I realize that but you were here first.

At this time I am going to ask to read this statement from Senator
Murphy, who regrets, he says, that he is unable to attend today's hear-

ing. Senator Murphy, along with other Senators from this commit-
miteee, is in IViichigan attending the funeral of our colleague, Senator
McNamara. Senator Murphy particularly wanted to be here today
to hear the testimony of the outstanding Californians scheduled to

speak on S. 2439. Senator Murphy asked me to extend his fellow Cal-
ifornians the warmest greetings and assure them that he will carefully

read their testimony.
Congressman Clausen.

STATEMENT OF HON. DON H. CLAUSEN, A U.S. REPRESENTATIVE
IN CONGRESS PROM THE STATE OF CALIFORNIA

Mr. Clausex. I thank you, Senator Pell, for this opportunity to

appear before the committee. I am most appreciative of the comments
of our distinguished colleague, the Senator from California, Senator
Murphy.
At this time, I, too, would like to express my personal regrets on

the passing of our beloved Senator McNamara. I had the privilege

of sharing with him, in the building of public works projects as I
served on the Public Works Committee of the House.

I am here today, of course, to join in support of your S. 2439, Sena-
tor Pell, and to compliment you for your leadership in establishing
what I think is going to be a very exciting contribution to our edu-
cation system throughout America.

Certainl}", the land grant college program has proves itself to be suc-

cessfull and it would appear that the sea grant college program cer-

tainly will open up many new frontiers on an international basis.

I am convinced, personally, that it Is long overdue.
First, I want to urge, as forcefully as possible, that this legislation

be adopted. I am hopeful that we may see this measure become law
before we adjourn this session of Congress. I, personally, believe

that we cannot do more for our own United States, and for the world
as a whole, than to begin now to gather information that will allow our
bountiful natural resources to be used advantageously in the future.
This bill will do that.

The necessity for this action is obvious to those of us who are con-
cerned with the conservation of our natural resources while at the
same time, using them to man's own gain. If we hesitate to begin
compiling needed information, as has happened in the past, we will un-
doul)tedly find ourselves haphazardly depleting these valuable re-

sources. I do not want to see this happen, and it is for this reason
tliat I fii-mly believe in the importance of the legislation we are con-
sidering today.



192 SEA GRx\XT COLLEGES

On the otlier hand, if we start now to accumuhite knowledge of our
marine resources, we will be ready with the facilities and equipment
necessary for development of these resources when they are needed.

And we will need them, Mr. Chairman. With the massive population
explosion will come the need for more and better food, water and other

resources that we know now to be available from the sea. And this

need is not a temporary one, instead, it will be a continuing and
growing one for which solutions must be found. I feel certain this

legislation will lead to the necessary solutions.

I am frank to say, Mr. Chairman, that my second reason for appear-
ing today is to point out the role that several educational institutions

in my congressional district could play under this measure.

One of the finest marine research centers in the country is located

at Humboldt State College in Areata, Calif. Under the program
established by this bill, Humboldt State could further expand its cur-

riculum in the marine sciences and add greatly to the positive contri-

butions it has already made in this area of study. The knowledge
gained by Humboldt State, coupled with the work of other institutions,

can provide us with a broad base of knowledge about our nearby
marine environment that can help us effectively develop these resources.

I know that this committee will also he concerned with determining
whether 2-year colleges should be included in the provisions of this bill.

I would like to urge you to approve this possibility. A 2-year college,

the College of Marin, located in my district, has a marine biology

center at Bolinas, Calif., which has been quite successful in the past

and which could be greatly enhanced by the programs of this legis-

lation.

In conclusion, I would merely like to express again my full support

for early passage of this bill. I hope you will agree with me that en-

actment will provide a great service to the future of our Nation.

The oceanography centers in colleges and universities, will make a

contribution well beyond what we can anticipate at this time. I be-

lieve that those of us who represent coastal, congressional districts, are

in a unique position, as you are, representing the great State of Rhode
Island on the Atlantic seaboard. Our unique location, contiguous to

the Pacific and Atlantic Oceans, quite naturally, places us in a position

to recognize the need and the opportunities for establishing ocean-

ographj^ centers in our colleges and universities.

I would also submit, sir, it is vitally necessary that we work with
our existing institutions and as suggested in the bill, I am hopeful we
will have the cooperation of all the States.

Certainly, however, as we look for a formula for finance, it would
seem to me that because of the vast international aspects, the_ Federal
Government must assume a high percentage of the financial obligations.

Just recently, on the coast of California, we had evidence of the

overwhelming need for legislation of this type.

Russian trawlers have been invading, shall we say, some of the

fishing grounds just off the Pacific coast. I know that the same situa-

tion has taken place on the east coast. As we review the international

political facts of life, especially in southeast Asia and Vietnam, we
must agree that our major battle is really ideological warfare. This

particular bill will greatly enhance America's position in the develop-

ment of an economic offensive designed to compete with our major
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ideological adversaries of the world, the Eussians and Communist
China. I believe it is about time that we org:anize this type of offen-

sive to apply economic pressures against their political systems. We
have not kept pace in oceanography and the development of the fishery

and other resources of the sea.

Most of us in America are competitive by nature and, in particular,

those of us that might have been athletes in our day, are perfectly

willing to accept this challenge. I strongly believe in this sea grant
college program that we are attempting to promote. Again, sir, I

want to compliment you for your leadership and I stand ready to

support you, on the House side, with all of the vigor at my command,
because I think the prospects are very exciting. We must recapture

our position of leadership in ocean resource exploitation . The chal-

lenges and opportunities are unlimited.

Senator Pell. Thank you very much, indeed. Congressman. It

was very nice of you to come over today.
Congressman Keith, from the neighboring Commonwealth of

Massachusetts, was kind enough to come over toctay, too.

STATEMENT OF HON. HASTINGS KEITH, A U.S. REPRESENTATIVE
IN CONGRESS FROM THE STATE OF MASSACHUSETTS

Mr. Keith. Mr. Chairman, thank you for giving me this opportu-
nity to speak before your committee in support of the sea grant colleges

bill.

The bill, in my view, m.eets squarely some of the major weaknesses in

our national oceanographic program. I have recently returned from
a trip behind the Iron Curtain with the purpose of evaluating Soviet
progress in oceanography and marine science in general for the Mer-
chant Marine and Fisheries Committee. The Soviets clearly are

putting high priority on the ocean sciences. They have perhaps two
or three times as many people working in these areas as we do. More-
over each of their ocean scientists has more technicians to back him
up than do our scientists. We have approximately 1,000 professional

level oceanographers and perhaps 2,000 ocean technicians, while the

Russians have about 1,500 scientists with about 7,000 technicians.

One result of this concentration of manpower has been that the

Soviets are leading us in the applied areas of oceanography. They
are very effective at translating iDasic research into technology. Al-
though most experts agree that we are still ahead in basic research,

we learned in Moscow that the Soviets are putting new efforts into

this area. They are upgrading the Institute of Oceanology, their

basic research institute, so we may see new competition in this area.

Moreover in the Soviet Union advanced technology is applied to

fisheries far more than it is in this country. The Russians fish on
large factory ships spread over much of the world's ocean. Some of

their techniques that we learned about were explosions to bring the

fish briefly to the surface and fish elevators to help spawning fish to go
upstream over dams. They appear to have done a great deal with fish

farming and other modern techniques. All these are areas to which
I do not believe we have been giving adequate attention.

The sea grant college could meet much of this problem because its

emphasis is on practical education and applied research. One of our
major problems in fishing has b(!?n that the ordinary fishermen are
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not familiar with the new techniques available. This is perhaps the
major reason we have fallen to fifth place among fishing nations of
the world and Russia's catch has increased 250 percent in the past

10 years while ours has declined. In fishmg, oceanography, and
merchant marine as well, the Soviet Union presents a great challenge
to this country. Sea grant colleges can be one answer.
The investment in the sea grant college system could pay off in

economic terms for this country m a very short time. For example in

my area, the nucleus for a regional center of excellence in oceanog-
raphy such as the bill describes, is alread}^ in existence. The energy,
motivation, and talent to produce a great spurt of growth in ocean-

ography is already present in southeastern JMassachusetts, as I am sure

it is in a number of centers across the country.
This area has as a focal point Woods Hole Oceanographic Institu-

tion, where much of the advanced work in oceanography is being
done today. Also in the area are a number of industries which make
oceanographic equipment. These could have a role to play in the

sea grant college system. Serious thought is being given to intro-

ducing an oceanography' curriculum at some of the colleges in the

area. Southeastern Massachusetts Technical Institute for example
is a young and growing college in an area where interest in ocean-
ography is high. In fact, X3reliminary plans have just been approved
by the trustees for an oceanographic developmental program. The
location of SMTI on the outskirts of the fishing port of New Bedford
and in close proximity to Woods Hole Oceanographic Institution

makes it an ideal place for oceanography studies. The sea grant col-

lege system could provide such an institution the encouragement it

needs to develop a substantial and important program. It could not
only provide courses for scientists and technicians, but it could also

operate lectures and demonstrations for fishermen of the area under
the extension service plan.

I have on my desk at this moment two interesting proposals. One
is for a vocational school to train ocean technicians in the Cape Cod
area. This proposal, in detailed and well-thought-out form, has been
made by a number of marine scientists and other responsible citizens

who believe there is a need for such technicians to back up the scien-

tific work at Woods Hole and the other laboratories in the area. An-
other proposal which is actually going to be a pilot study is for

oceanograj^hy teaching in one of the high schools of the area in con-

jurction with Woods Hole Oceanographic Institution.

I mention these various institutions to give you some indication

of the extent of interest in this subject. Many diverse groups can
contribute to our national oceanographic program as well as gain
from it. A national investment in this field will pay off in the short

run as well as the long run. The need is there and the people and
plans are ready to go. I urge this committee to report favorably on
the sea grant college legislation.

Senator Pell. Thank you.
I have one specific question to ask you and that is your thought

as to whether there should be matching-funds provisions in this bill

as puorgested by the executive branch witnesses, or whether there should
not be.

Mr. Keith. Generally speaking, in the past, I have approved match-
ing funds for most legislation. I did so in the case of anadromous
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fish, for example. But it seems to me that the Federal Government
has so preempted the tax dollar that it is becoming almost impossible
for the States to match the Federal Government's ability in this re-

spect. Inasmuch as this is a national resoui'ce which needs exploi-

tation, I would tend to minimize the role of the States in the financing
of it. The fact that States are unable to do what might historically

have been their share in this respect, is an argument I would tend to

use to support Mr. Heller's recent suggestion to revert Federal re-

sources to the States. Thus they could, once again, help in providing
facilities which we need at the State level.

But I doubt that I would feel that the States could do as much as

the Federal Government can. We are doing all that we can to pro-
vide secondary school education at the local level and we still need
a lot of Federal help.

Senator Pell. I would be inclined to agree with you.
I would like to revert to Captain Snyder and Mr. Abel, who are

still with us, and ask if they think from the executive branch's view-
point the contribution rendered by the States could be considered to be
in kind. The very fact that it will be the existing institutions that

are giving the backup, providing the medium through which these

programs would be enacted, then I see very real problems if you try
to tie it into a 90-10 or some sore of arithmetical formula.
Do you think this would be possible in acceptance to the executive

branch ?

Captain Snyder. That was only a suggestion on the part of ICO.
That was not a position of the executive branch, condition, or anything
of that sort.

Senator Pell. In other words, if we met some of the other sugges-
tions of the executive branch, do you think from the viewpoint of the
Bureau of the Budget, that the contribution could be, as I say, in kind,
somewhat as under the poverty program, where the contribution is

the land and the buildings that the city has, and that it would not
require financial contributions from the States?
Captain Snyder. You certainly have a better feel for this than any

of us in the ICO.
Senator Pell. I just see a very real problem if we start enacting

the idea of a mathematical formula for the first time in NSF-type op-
erations, and with respect to a matter of national interest of this sort.

I was wondering on the strength of your position if you felt this might
be an acceptable alternative.

Captain Snyder. This was just a suggestion. It is not a position,

as such.

Senator Pell. Right. Thank you very much.
Thank you very much. Congressman Keith.

Senator Pell. J^ow, we have the father of this Avhole project, the

intellectnal father and the actual father, who invented the term "sea

grant college" and a man who made the launching speech in Newport,
li.L, last fall on tliis and galvanized the audience, and I urn looking
forward to being galvanized again by him,

I hope he has just about the same speech as he had then. I hope
also he has an opportunity to see some of my colleagues, wdiile he
is in Washington, and to sell them on his idea, as well.

It is a great honor and pleasure to have with us Dean Spilhaus of the

Institute of Technology of the TTniversity of Minnesota.
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STATEMENT OF DR. ATHELSTAN SPILHAUS, DEAN OF THE INSTI-

TUTE OF TECHNOLOGY, UNIVERSITY OF MINNESOTA

Dr. Spilhaus. Senator, it is a particular honor to be invited to give
testimony before this important subcommittee on sea grant colleges, a
concept which I originally suggested, but I must say your remarks are
too gracious. If it were not for Senator Pell's interest, drive, and
imagination, none of us would be here today.
In view of the fact that you will have statements from the na-

tional committee for a sea grant college, on which I serve, I will attempt
not to duplicate the statement of that committee. I will not say all

the things that I said at Rhode Island because I believe that they are
available in the Congressional Record should anyone want to read
them.
The National Academy Committee of the National Academy of Sci-

ence, over the 10 or so years, contributed much to revitalizing,

strengthening, and formulating a national program in oceanography
and the marine sciences. We may well be proud of the work in marine
science Avhich is going on in the United States today.
But in my opinion we are not doing enough to capitalize on our

excellent marine science by utilizing its findings to strengthen the U.S.
position in commercial and other nonmilitary uses of the sea. As
far as the exploitation of the sea for the benefit of our people is con-

cerned, and in comparison with Japan, U.S.S.R., and even Peru, we
are an underdeveloped nation.

It was for this reason, in 1963 I proposed that the United States

take steps to make a lasting commitment to the sea through its many
excellent universities and colleges. And that we do this by using the
analogy of the land-grant colleges that contributed mightily to the
present leadership of the United States in the use of our land for

abundant food and natural resources and the application of the "me-
chanic arts" in our enterprising industry that gave people the things
they need. I proposed that we arrange to have sea grant colleges

with special funds and provisions that would dedicate their efforts

to the sea and the use of its natural resources for greater human
benefits.

Sea grant colleges with continuing support would i3rovide the
focus needed to bring the United States rapidly to a position of

leadership in ocean engineering and aquaculture, and keep it there.

They would draw out and put our vast scientific knowledge of the sea

to use. We have a grand technological goal—a goal no less than the

peaceful exploitation, occupation, and colonization of the sea by man.
And for this goal we need, on a long-term basis, not only to develop

marine technology, underwater prospecting, mining, fish and sea plant
farming, marine pharmacology, shipping and navigation, but we need
to relate all of these to social sciences, economics, sociology, psychology,
politics, and law because all are affected by an effort to colonize the

sea and all, in turn, affect the way we pioneer this new frontier.

There are those who fear that emj^hasis on technology of the sea

will decrease the support of basic science. I believe exactly the re-

verse is true; history, even the most recent history, shows that science

blooms in an atmosphere of application—and so it will be for marine
science. In the sea ffrant colleg-es the marine focus would also be
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associated with the liberal arts, literature, art, and history, which
describe man's emerging relationship to the oceans and enhance his

appreciation of their potential and value.

In an early talk I said that

—

the sea grant college to do its job, will also need its county agents in hip boots,
an aquacultural extension service that takes the findings of the college or uni-
versity onto the trawlers, drilling rigs, merchant ships, and down to the sub-
marines and submotels.

I am happy to see that at least in one institution—in Senator Pell's

home State—there has already been recently established a marine
experiment station parallel in its aims to the agricultural experiment
stations which help the farmers on the land.

I also said in this earlier exposition that law is an utterly important
adjunct to any widespread exploitation of the sea, and that we need a

clarification of the law of the sea as we move toward industrialization

of its resources and colonization of its waters. I am pleased to see that
already there is being organized an important National Conference on
the Law of the Sea, at the University of Rhode Island Jmie 27-July
1,1966.

While these beginnings are gratifying, we need to consolidate them
and insure that this kind of interdisciplinary activity continues at an
even greater rate and with a long-term commitment. It is with this

in mind that I heartily support the National Sea Grant College and
Program Act.

Sea grant colleges could be established in any public or private

college or university which is willing to dedicate itself on a continuing
basis not only to the science of the sea, but toward using this knowledge
to turn the sea increasingly to the benefit of peoj^le.

However small we start, I hope ultimately there might be many of

these colleges and, as to the matching question, Senator, I think the

most important matching thing is some way of insuring the commit-
ment of the college, the intellectual commitment of the college, and
whether this is insured by their dedicating existing buildings, shore-

lands or turning their programs in the direction of exploiting the sea,

this is a more important thing to have than matching the funds given

to them with other funds.

I certainly think that all the sea grant colleges need not be on the sea-

shore. We are discussing a marine science and technology program at

my own university in Minnesota, which is equidistant from the Gulf of

Mexico and the Atlantic, the Pacific and Arctic Oceans. We think we
have an advantage that none of them are too far away from us.

I don't think all space science is necssarily done next to the launching
pads at Cape Kennedy, and I believe that the seashore resources, the

seashore facilities that are needed by inland colleges could be in charge
of the sea grant college which, themselves, are on the sea. They could
have a brother-sister relationship, a symbiotic relationship, with those

fortunate enough to be on the sea supplying the facilities for those,

their coworkers in land colleges.

I would personally like to see grants offshore seabottom lands and
waters to some of tlie colleges analagous to the land grants made years
ago. But this, tliough desira!)le, if not feasible at the moment, should
not prevent us from moving toward the other important aspects of

this bill.
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If you will permit me, in closing, to say that an idea such as mine
would simply wither and die if it had not been for the support and
interest that was afforded me from all over the United States. Par-
ticularly, I want to pay my respects to the many Senators and Con-
gressmen, many besides Senator Pell.

Thank you.
Senator Pell. Thank you very much. Dean Spilhaus.

There are a couple of specifics about which I would be interested in

your reaction.

First, with regard to the revenue. Do you think that our original

thought in the bill of tying it in with rents and royalties could be
foregone in exchange for a direct authorization? Do you have any
thoughts on that ?

Dr. Spilhaus. Yes, sir. I think that there are many ways, and
these are two which have been discussed, to finance the beginnings of

this concept, and I believe any way in which we can start the concept

would be desirable, and there are others in Government who know
best which way is most feasible.

For my money, which it is partly, I would be happy to see either

way, because I think the birth and the beginning of the concept is more
important than really worrying about the details. "We must get the

bill sold, the authorization to focus our eyes on the exploitation of the

sea, the national commitment, and the commitment of the institutions

toward this great goal. Once we have that, I am perfectly sure the

money will come.
Senator Pell. I would agree with you.
Now, with regard to this idea of matching funds which was brought

up by one of the witnesses yesterday and brought up by the adminis-
tration today as a suggestion, what is your thought on that? You
mentioned it in your testimony already, in your ad libbing statements

;

I was wondering if you would enlarge on it.

Dr. Spllhaus. I believe in the idea of matching funds, the basic

idea being that if you ask for a matching contribution, it means that
the person or State or institution receiving the funds must indicate its

need for them by putting up some of its own resources.

On the other hand, matching funds often are not parallel with the
commitment. Some wealthy institutions might be able to find the

matching funds while some institutions in poorer circumstances, with
a far deeper and greater commitment to do the job, might be pre-

vented from receiving the matching funds.
It was for this reason that I thought we ought to keep the concept

of matching but put it on a basis of matching by the turning of facili-

ties, the turning of their programs, toward our objectives, the use of

their existing funds into which the States have money, rather than to

demand a quid pro quo of new funds.

Senator Pell. I would agree with you in that view.

Another question here is with regard to the administering agency.

I was developing the thought that l^ecause of the National Science
Foundation's interest in pure science and basic research, and also its

custom of awarding funds on an individual grant basis, that it miglit

be best to put this in the Smithsonian, with the understanding that it

would go off to another agency eventually, or stay there, depending on
the decision of this self-liquidating council that is to be set up.
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However, since advancing: this idea, and as was pointed out today,

the very witness from the Smithsonian Institution emphasized that

their interest was in basic research and the executive department's

witnesses seem to prefer the NSF as the administering agency.

I have a very open mind on this subject. I just thought the Smith-
sonian Institution would be a logical place, but I must say the witness

from them, to a certain degree, refuted his own premise, I thought, in

liis continuous emphasis upon basic research, and also in his verbal

testimony, afterwards.

What are your thoughts on that. Dean Spilhaus ?

Dr. Spilhaus. My thoughts are this. I think, leaving apart the

discussion of the two agencies in question at the moment, the most im-

portant thing is that pending the other excellent complementary
legislation that is in Congress today on oceanography, whatever
agency we choose, we should choose it as the administering agency for

the time being and not commit the other legislation to something.

On this, I would say about the National Science Foundation and the

Smithsonian—and with full admiration for the work they do—-that

both are largely turned toward pure science, whereas our focus is the

other way.
But having said this, I would say that there is no reason whatever

why, given the charge, their competent people could not turn their

sights to the objective of this bill, which is the drawing out of science

and the exploitation of the sea.

Senator Pell. If, as the consensus seems to be, the NSF should
handle it at this time, what is your thinking with regard to the idea

of turning the program over, the administration of it, over to the
eventual oceanological agency? As it turns out, maybe it is a wet
NASA—we pray not—or some other Parkinsonian structure that will

be created that v/ill look toward developments.
Dr. Spilhaus. It was with that in mind that I said the responsi-

bility should be given to an agency for the time being. I believe as

our engineering exploitation of the sea proceeds, there will need to be
some kind of what I have called a sea engineering agency, SEA, in

Government to which industry can come, a central agency for the
peaceful exploitation of the sea.

This engnieering agenc}^ need not interfere with the present various
agencies that support marine research and science. But when you do
big engineering, as I envisage we will be doing, I think we will

need a central agency in Washington, and the pending legislation,

other than your own bill, Senator, is pointed in this direction. So
that, therefore, whatever agency we choose, we should have in the
back of our minds and the}' should realize that they will turn it over
when this new arrangement in Government comes to fruition.

Senator Pell. What we are talking about here is the very practical
kind of project, as we suggested yesterday, to get young felloMs when
they finish high school to spend a couple of years in technical training
and go aboard fishing fleets, to get proper use of seaweed, to help
mining underneath the surface of the sea, and to do that, I think we
want to get away from pure science because the money we are talkino-

about is but a di'op in the bucket when it comes to jmre science, but it

could help very much in the development of teclniical training.
A couple of other questions in behalf of the minority. First, Senator

Murphy has asked, what do you think of the idea of a floating school
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of oceanography—a floating school where the students and professors
and the working professional scientists and technical personnel might
work and learn at sea ?

I must say it is a new concept to me and I hadn't thought of it until

I just read the question to you, sir.

Dr. Spilhaus. It is not an entirely new concept. I think it is very
important that students should get their feet wet in the sea. I am not
sure that a floating platform is the best podium for professors or teach-

ers of technicians. I think we need both. I think we need shore facili-

ties where we can teach subjects and then sea facilities where we can
take the students for the experimental work, their laboratory work, if

you like.

I think we need both.

I don't think we should really think that we need to have all our sea

instruction done from floating structures on the sea, although such
structures will be needed for the laboratory work of the students.

Senator Pell. If we did have such a school, do you have any idea

how much it would cost, such a school vessel ?

Dr. Spilhaus. No, sir. I haven't given this much thought but I am
quite convinced it would cost a lot more to do the same job that you
could do on land, using ships for laboratory purposes.

Senator Pell. I must say I would agree with you. It would be
perhaps a little like this Project Hope where the individual cost of the

treatment to the people abroad is far greater than if they had hospital

units under Medico. It is a little off the subject, but I think the expense
analogy is not particularly off the subject.

Another question from the minority is to the following effect, that
provision is made in our bill for consultation with scientists and en-

gineers by the National Science Foundation in carrying out the provi-
sions of the bill, but no provision is made in the bill for a statutory

advisory group that would also report to the President and the Con-
gress, and as the reports would be in the public domain, do you think
such a provision would be advisable? I must add here I am com-
pletely openminded.
Dr. Spilhaus. Senator, this question comes all of a sudden to me.

I haven't given it any thought. I don't understand the purpose of this

Igiroup. Is it to report to the President and the public at large?
Senator Pell. Indirectly, a technique or device that we use some-

times in the Congress to keep the public interested and informed, and
also a certain check on the operation.

Dr. Spilhaus. Well, I am one of those who firmly believes that, and
one of the basic—my basic reasons for wanting to exploit the sea for
the benefit of people is that I believe that not only does science bloom,
pure science blooms best, in an atmosphere of application, but that if

you are going to ask the people at large to support science, that they
not only—we not only ought to feel it is our duty to draw out the
benefits of the science for their use, but we ouglit to keep them
informed about the progress of it, the implications of it for society in

the future. So that any device, and if this is one, that keeps people
stimulated, excited, and informed about our program of colonizing

the sea, I am for. I don't know if this is the best one or not.

Senator Pell. I think this is something we would discuss in the
committee and if some of the members of the committee like this idea,

it surely would be acceptable to all of us.
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You are very, very kind to have come here and taken this time, and
without your original creation, we would not be here. I thank you,
sir, very much indeed.

Dr. Spilhaus. Thank you. Senator.
Senator Pell. Our next witness will be Dr. Nierenberg, director of

the Scripps Institution of Oceanography at La Jolla, Calif.

STATEMENT OF DR. WILLIAM A. NIERENBERG, DIRECTOR, SCRIPPS
INSTITUTION OE OCEANOGRAPHY, LA JOLLA, CALIE.

Dr. NiERENBERG. Mr. Chairman, thank you very much for inviting
me here. I am grateful for the invitation to present my views.

Senator Pell. Incidentally, I would like to pass on to you the greet-
ings, as I said earlier, of Senator Murphy, who is very sorry he cannot
be with you but he is at the funeral of our colleague.

Dr. NiERENBERG. Pliauk you very much.
I have put together the consensus of opinions of my colleagues at

Scripps and it has turned out to be much too long to be read today.
Senator Pell. I would agree with you. Could it be submitted—it is

26 pages, I think, and a very interesting map here. Let's put the testi-

mony in the record as if read, and if we possibly can, would you like

the map inserted in the record, too ?

Dr. NiERENBERG. Yes, sir.

Senator Pell. Fine. Depending on the budget of the committee,
I guess, and the possibility of it, we will have it inserted in the record.

(The map referred to may be found in the files of the subcommittee.)
Dr. NiERENBERG. I would be grateful.

Senator Pell. Maybe you would like to digest your statement.
Dr. NiERENBERG. Yes, sir; and just say a few words about it. I

really can't digest it easily but I would like to explain to you, Mr.
Chairman, the organization of the report and, perhaps, why it is so
long.

It is really in two parts, a very short initial part where we try to
draw on the experiences of the Scripps Institution of Oceanography
as they are related to the subject of the sea grant college.

We are, as you know, sir, approximately 75 years old and since 1912
we have been part of the University of California, which is a land-
grant college, and in a certain sense, in the narrower sense of the pro-
posal, Scripps has been a kind of sea grant college that very early in
its history it was given title to the beach at the Scripps property and
a thousand feet of ocean, seaward, and this was very fortunate because
this title included the Scripps Canyon—which was very important

—

Scripps and La Jolla Canyons, which are very important for our
deep-water •

Senator Pell. ^Yhiit is that?

Dr. NiERENBERG. Scripps Canyon. There are two very deep, narrow
canyons that cut the Continental Shelf almost up to the shore. The
major one is the La Jolla, and then a piece at right angles to it, called
the Scripps Canyon. This is very fortunate for the scientists as it

enables tliem to get rapidly into deep water and study the ocean proc-
esses close to shore.

In addition, we have a marshland preserve and we ha\e 1 square
mile of ocean preserve that we share with the Navy Electronics
Laboratory.
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Now, we are an educational and research institution but we are also

organized to serve some of the purposes described in the sea grant
college bill itself. I would like to briefly list the details of that part
of our organization which is so constructed.

We have the Institute of ]\Iarine Resources which is housed in

Scripp's and headed by Prof. Milner Schaefer.

We have the marine life research group, which is headed by Prof.
John Isaacs.

There is the Marine Physical Laboratory, which is housed at Point
Loma and headed by Prof. Fred N. Spiess, which was established

principally to work in the problems of importance to the U.S. Navy.
We have the Visibility Laboratory at Point Loma headed by Dr.

Siebert Duntley. We also house the Tuna Commission. We are hosts

to the Bureau of Commercial Fisheries.

One of our divisions, the University of California Division of War
Research, no longer exists but has been transmuted into the Marine
Physical Laboratory and the Naval Electronics Laboratory.

I put this in the record. Senator Pell, principally to indicate the
strong desirability of a sea grant concept and how we have in our own
way pragmatically been working in the same direction in that side of
our institution which is not organized directly for research and
teaching.

Now, I would like to explain the second part of the paper, the longer
part, and this part is principally devoted to those areas of research,

applied research specifically, ancl activities that we feel are important
for the sea grant college concept as outlined in your bill.

It is too lengtliy for me to go into detail and I would just like to make
a brief statement about this.

Many needs of man are now supplied by the ocean. A substantial

number of these cases are sufficiently well understood that research is

mainly only adjunct to specific utilization—affecting the effects of the

utilization and dealing with improvements. Such cases can be clas-

sified as industrial research and include much of the activity in waste
disposal, fish and seaweed harvest, beach construction and erosion con-

trol, shallow water petroleum production, marine architecture and
transport, harbor engineering, military equipment, nearshore struc-

tures, undersea cables, marine instruments, and so on.

In these cases there exists a body of knowledge and a fund of op-

erational know-how and equipment that permits the instruction of and
profitable employment of practitioners in ocean technology for both
the industrial operations and industrial research.

Construction and research of this type is, of course, essential to man's
effective utilization of the ocean environment and can be adequately

carried out by technical schools and research institutions. Much of

the research is of a specific nature and does not intimately parallel the

research of disciplinary oceanography.
But the crux of my remarks is what follows and this is the area of

ocean eno:ineering and technology that deals with the generalized prob-

lems and op]5ortunities—broad applicability—that ocean science re-

veals. It is this area directly paralleling and highly compatible with

ocean science to which Scripps devotes its attention and study and to

which I devote the remainder of my remarks in the full paper. And
with your permission, I will just read the titles of areas that are

discussed in detail in the report.
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The first one is exploration.

The second is appraisal of the overall natural constraints, limits

and opportunities of ocean use.

The third heading; is the identification of general operational inade-
quacies and exploration of improved approaches.
The fourth is interdisciplinary ocean tecluiology itself.

The fifth relates to teclinical learning from nature's solutions to

oceanic problems.
The sixth is the application of engineering and technical method-

ology and knowledge to ocean science.

And the seventh is the problem of the identification of human needs
for and human constraints to ocean use.

Now, a very brief summary which just involves two points.

In order for a local marine station, as a sort of wet agricultural and
engineering experiment station, to be effective, it must be adjunctive to
a broad-scale ocean technology, paralleling, supporting, and mutually
drawing from an equally wide program of ocean science.

And second, it must be closely associated with a first-rate imiversity,

with departments in geophysics and in the basic sciences and engineer-
ing and it will also avoid basic misidentification of needs if it main-
tains rapport with the humanities and economics departments of the
university.

Thank you, Mr, Chairman.
Senator Pell. Thank you very much.
A couple of specific questions. Do you believe that there should be

a matching formula or not ?

Dr. NiERENBERG. Well, you know. Senator, in my case that is a lead-
ing question. As director of the institution I am always desperate for
money. I always like to get as much as I can. Drawing on our own
history, the State of California supplies 20 percent of the operating
funds of the Scripps Institution of Oceanography. I must say that
we find this support extremely beneficial in a variety of ways but the
most important is one I believe that was expressed by Dean Spilhaus,
that in a certain sense guarantees the strong interest and participation
of the State of California and the people of the State of California in

the operations of the institution. They take a very strong local in-

terest in the operation of the institution.

Senator Pell. Do you have any thought as to what the acbninister-

ing agency for this program should be? Should it be the National
Science Foundation or Smithsonian or have you any views on that?

Dr. Nierenberg. I certainly don't, and I think my colleagues do not
have any particular strong viewpoint either, Senator. We can cer-

tainly say we have been happy with our operations with respect to the
National Science Foundation.

Senator Pell. All right. Thank you very much indeed for comhig.
I realize it was a very long trip from California here.

(The prepared statement of Dr. Nierenberg follows :)

Prepared Statement of Dr. William A. Nierenberg Director, Scripps
Institution of OcEANOGRApny, La Jolla, Calif.

Mr. Chairman, I am grateful for the invitation to present my ideas on the
subject of the sea grant college. I have obtained a consensus of views from my
senior colleagues at Scripps Institution of Oceanography and we have agreed
that the special history of the institution as it began before 1900 and from the
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time it became a part of tbe University of California in 1912 put forward in

some detail along with some general remarks on ocean technology could provide
the subcommittee with the kind of practical information that could be useful in
evaluating the sea grant college concept.
The University of California itself began as a land-grant college which de-

veloped into the famous institution of today. In many respects the Scripps
Institution of Oceanography has paralleled the development of the great institu-

tion that absorbed it in 1912. For one, it is devoted to research, with respect to
all things that have to do with the oceans—it is also a teaching institution, pro-
viding the graduate training for the granting of the Ph. D. in oceanography,
marine biology, and earth science. Our first Ph. D. was granted in 1930 and we
have to date granted 05 Ph. D.'s. The value of at least one aspect of a sea grant
college was early recognized by the State of California in that title to the beach
and an area extending 1,000 feet seaward from the institution was granted to

the Scripps Institution of Oceanography. This grant is particularly valuable
in this instance because of the proximity of the Scripps and La Jolla submarine
canyons, which give us the effect of deep water research close to shore. The
value of this grant has been increased by a 1 square mile of preserve that is re-

served for the joint use of Scripps and NEL.
While we are proud of the fame of our institution with respect to our voyages

of exploration and research in the deep oceans around the world, and I would
like to present the subcommittee with a chart of the tracks of all our voyages of

more than 1 month's duration since the year 1950, I speak today principally in
connection with other activities and organizational parts of the Scripps Institu-

tion of Oceanography which are also pertinent to the subject of the sea grant
college.

There is first our marine life research group which is headed by Prof. John
Isaacs. This group is 17 years old and was established for the purposes of
translating and extending our scientific results to the better utilization of the
fisheries off the coast of California and Baja California. The marine life re-

search group has made those of its contributions that are of a practical nature
principally through the Oalcofi, that is the California Cooperative Fisheries In-

vestigation, which is a partnership between the University of California, the
State of California and the Federal Government with a few other contributing
agencies and is coordinated by the marine research committee of the State of
California. One of the principal results of this work was the establishment for

the first time of a fishery completely on the basis of scientific investigation.

This union of luiiversity, industry. Federal and State has been, and will continue
to be, very fruitful.

The Institute of Marine Resources is a statewide university organization
housed ill Scripps and headed by Prof. Milner Schaefer. This institute which is

now 14 years old, was established to develop and apply the applied science

aspects of oceanography throughout the university system of the State of

California.
Our marine physical laboratory, housed at Point Loina and headed by Prof.

Fred N. Spiess was established principally to work on problems of importance
to the U.S. Navy with respect to underwater physics, particularly sound and its

transmission.
Our visibility laboratory at Point Loma, headed by Dr. Seibert Duntley, has

a variety of missions, but one of the most important is the practical problem of

light transmission and visibility.

We also house the tuna commission and we are hosts to the Bureau of Com-
mercial Fisheries with w^hom we have cooperative programs.
One of our divisions, the University of California Division of War Research

no longer exists but has been transmuted into the marine physical laboratory.

We can thus see how by steady growth in a space of over 70 years the Scripps

Institution of Oceanography, which is now a part of the new campus of the

University of California at San Diego, has become in a sense a kind of sea grant
college (or perhaps university would be a better description) of the kind some-
what akin to that which is proposed here. We believe we handle successfully

on one hand the teaching, basic research in oceanography, a fleet of eight ships,

a marshland reserve, our radio station and our various research divisions at the

same time that we have been able to set up the organizations for. and effectively

serve, the science, the university, the State of California, the United States and
international organizations, this later principally through UNESCO.
For the past 10 years the oceanographers at Scripps have carried on continu-

ous study and discussion of the best way to contribute further to the advance
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of ocean-related sciences. The first result and the principal one was the estab-
lishment of a new campus of the University of California in San Diego. It was
agreed that a school of oceanography could not flourish unless it were closely
associated with a university that had flrst-rate departments in the basic sciences
and engineering. One of the great results was the growth of our efforts in geo-
physics through the associated branch of the Institute of Geophysics and Plane-
tary Physics locally headed by Prof. Walter Munk and statewide by Prof. W.
Libby. A school of marine science that is isolated from a tirst-rate campus is

a poor concept in this day and age. We at Scriitps feel that this development
of the Scripps Institution and the University of California has been good and
we expect even more dramatic results in the future.

We have proceeded perhaps too cautiously in one area that is of interest to
your discussions, and that is the area of formal education in applied ocean
science, sometimes called ocean engineering. Our faculty also has discussed
the question many times in the last 10 years, and we have reached some tentative
conclusions v^ith which we are experimenting right now in some of our courses
in oceanography and which we hope to establish on a broad and surer basis in

cooperation with our department of engineering, headed by Prof. S. Penner.
In this foregoing introduction to the past and continuing contributions of the

Scripps Institution of Oceanography and the University of California to the
"practical" use of the oceans, I perhaps have pressaged the gist of my remain-
ing discussion, in which I will present some of the abundant evidences that the
reduction of the ocean realm to mankind's use encompasses far more than ocean
engineering or fisheries as we conventionally think of them. I would like to ac-
knowledge the help of my colleague Prof. John Isaacs in the preparation of this
section.

Indeed (and I will presently offer you more examples), in the sea the inter-
action of the physical motions, waves, and currents ; the complex chemicals that
the sea contains ; its active organisms ; and its geographical features and sedi-

ments, act and interact in such manifold and complex ways as to preclude most
simple single disciplinary approaches to its exploration and use.
When, to these complexities of the sea, we add the cosmic complexities of man,

his motivations, economics, laws and need, it is clear why at Scripps we have
concerned ourselves only partly with ocean engineering as to its structural,
mechanical, or electrical aspects, or fisheries to its problems of acquisition and
management.
We thus have been convinced that ocean technology and engineering must be

very broadly defined and approached, and we have striven to enlarge its com-
pass to the entire interdisciplinary field of "the purposeful intervention into the
ocean for the practical needs of mankind."

In this view ocean technology and engineering fully parallels, derives from,
and supports the entire range of the science of oceanography, which deals with
the "intellectual needs of mankind" in its fundamental motivation, rather than
the practical needs.
Ocean technology and engineering, however, extends farther than oceanog-

raphy, for it must define and inquire into practical "needs" and concern itself

with industrial and defense economics to some considerable degree.
With this compass of ocean technology in mind, I will outline and briefly dis-

cuss the scope of the viewpoints to which the definition gives rise.

First I will reiterate the part of the field that is now reduced to practice.
Many needs of man are now supplied by the ocean. A substantial number of

these cases are sufficiently well understood that research is mainly only an ad-
junct to specific utilization—assessing the effects of the utilization and dealing
with improvements. Such cases can be classed as "industrial research" and in-

clude much of the activity in waste disposal, fish and seaweed harvest, beach
construction and erosion control, shallow water petroleum production, marine
architecture and transport, harbor engineering, military equipment, near-shore
structures, undersea cable, marine instruments, etc.

In these cases there exists a body of knowledge and a fund of operational
know-how and equipment that permits the instruction of and profitable enijjloy-

ment of "jiractilioners" in ocean technology for both the industrial operations
and the industrial research.

Construction and research of this type is, of course, essential to man's effective
utillzatif>n of the ocean environment, nnd can be adequately carried out by tech-
nical schools and research institutions. Much of the research is of a specific
nature and does not intimately [)arallel the re-carch of disciplinary oceanog-
raphy.
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We are thus brought to the crux of my remarks—the area of ocean engineering

and technology that deals \Yith the generalized problems and opportunities of

broad applicability that ocean science reveals. It is this area directly paralleling

and highly compatible with ocean science to which Scripps devotes its attention

and study and to which I will devote the remainder of my remarks.
These technological aspects of broad implications could be categorized in many-

ways. I will, however, choose the following somewhat integrated and over-

lapping divisions for my discussion

:

I. Exploration

;

II. Appraisal of the overall natural constraints, limits, and opportunities of

ocean use;
III. Identification of general operational inadequacies and exploration of im-

proved approaches

;

IV. Interdisciplinary ocean technology ;

V. Technical learning from Nature's solutions to oceanic problems

;

VI. Application of engineering and technical methodology and knowledge to

ocean science : and
VII. Identification of human needs for and human constraints to ocean use.

In my discussion of the categories in this outline I will illustrate them with

examples drawn from the general field, with an unavoidable emphasis on the

work at La Jolla, and I will also point out some of the deficiencies.

I. EXPLOKATION

Basic to man's apprehension of his world is open-eyed, unfettered, inquisitive

exploration. As essential to the science of the oceans as it is to its technology,

exi>loration has ever had great and sometimes surprising and unexpected impact

on man's utilization of the oceans. It is clear that Mathew Fontain Maury's
collation of winds and currents was of great benefit to navigation and transport,

but it is surprising to find that the geological exploration of the sea bottom has

carried an impact to fisheries. Geological exploration, in finding hitherto nn-

discovered seamounts, has delineated new fishing grounds that already are in

use.

In a similar fashion, broad exploration and delineation of geologic structures,

the nature of ocean productivity, the distribution of plankton, currents, the

broader undersstanding of marine meteorology and ocean structure—all are basic

to the appraisal of man's practical opportunities in the sea, which I will discuss

below. Conspicuous among these, of course, are measurements leading to a

knowledge of the propagation of underwater sound in different regions of the

sea, nutrient level surveys, and zooplankton collections delineating regions of

high oceanic production, but even scientific discoveries of chemical difference in

sea water, such as the apparent deficiency of normal cesium in the South

Pacific, have important implications to the problems of worldwide fallout and
the sea disposal of nuclear waste. Methodological offshoots of scientific ex-

plorations have also been important. The development of seismic reflection and
refraction methods for marine geological exploration has been vital to offshore

petroleum discoveries and even to the utilization of undersea gold and diamond
placers around the world.

New scientific tools and methods now exist or are now becoming available

that have not yet been applied to broad exploration for the fund of practical

knowledge that they are capable of apprehending. Conspicuous among these

underemployed tools and methods are the following

:

(a) Unmanned moored instrunievt platforms.—Instrument platforms can now
be routinely moored on the surface of the deep sea in depths exceeding .3,000

fathoms and survive for the greater part of a year. Broad-scale deplo.vment of

such platforms can reveal the nature of the aperiodic alternations of ocean and
weather conditions, which so profoundly influence our marine and terrestrial

activities.

(&) Pelagic fish larvae surveys.—The identification and understanding of

pelagic fish larvae has been brought to a high level of development at the Bureau

of Commercial Fisheries Laboratory at La .lolla under Dr. Ahlstrom. A world-

wide survey of fish larvae has immense possibilities. Immune to the vagaries

afflicting exploration for adults, the larval fishes are readily captured and present

an opportunity to appraise every major pelagic fish stock in the world both known
and as yet undiscovered.

(c) Fish remains and microfossils in bottom sediments.—Totally comple-

mentary to the two foregoing, is a worldwide survey of fish remains and micro-



SEA GRANT COLLEGES 207

fossils in bottom sediments, for this not only extends our knewledge of the
distribution of fish beyond their areas of spawning but yields information on
the history of peristancy, fluctuations, and competition of fish stocks. Thus at
its outset a fishery can proceed with vital knowledge of the history of the fish,

and, through a study of the associated microfossils, a knowledge of the organic,
oceanic, and meteorological condition under which it has thrived or declined.
Under rather rare conditions along coasts sediments are deposited rapidly

and are not subsequently disturbed. Thus the record of fishes, the oceanography
and something of the meteorology can be read in calendar pages of a few years or
so for several thousand years.

The implications of a broad survey exploiting this entry into the record of the
oceans of this world are very great.

{(I) Plankton collections.—Much is known about the distribution of plankton
in rather limited regions of the world oceans. A much broader understanding is

essential to the evaluation of the planet's productivity, of potential fisheries, and,
of course, to the full significance of research into circulation and the oceano-
graphic changes recorded in the recent past as discussed above.

II. APPRAISAL OF THE OVERALL NATURAL CONSTRAINTS, LIMITS, AND OPPORTUNITIES OF
OCEAN USE

Specific projects for utilization of the oceans can be profitably approached on
and ad hoc basis. For example, a new fishery, a tidal powerplant, a disposal
area for nuclear waste, or etc. can be established on the basis of regional investi-
gations and the resultant understanding.

However, the significance of the oceans to the needs of the world's human
population is best compreliended not by a multiplicity of local studies, but rather
by an evaluation of the planetary potential, its constraints, its limits, and its

opportunities.
Altiiough data for such approaches are in some cases scanty, enough exists

for us to set significant limits, adequate for long-term guidance. As further data
are available these overall approaches can be perfected.
As examples I can quote the results of studies that show :

{a) Oceanic evaporation and the resultant land precipitation is a suffi-

cient rainfall for the optimum terrestrial agriculture for some 40 times the
world's present population.

(&) The total tidal power in the world's oceans is less than 10 percent of
the expected human power needs at the onset of the 21st century, with the
available tidal power much less than this.

(c) Outside of the nuclear power resources, the greatest single utilizable
energy reservoir on this earth is that represented by the temperature
gradient of the ocean. This giant low-level reservoir exceeds the total esti-

mated fossil fuel reserves of earth.
id) The capacity of the oceans to receive nuclear waste is saich that a

distributed input of about 100 tons of mixed fission products annually would
give rise to acceptable levels of radioactivity in marine foods. This input
represents about 10 percent of the estimated human electrical power require-
ments in the year 2100.

(e) The common fisheries of the oceans are ultimately capable of supplying
the total protein needs of a world population that is somewhat greater than
at present. They are capable of supplying the animal protein require-
ments for a population of 60 billion people.

A harvest concentrating on the herbivores in the sea could supply an order
of magnitude greater yield.

(/) It can be shown that, because of their dilution and microscopic
dimensions, the primary food materials of the sea can probably never be
profitably harvested by methods involving the input of energy from external
sources (such as nuclear or fossil fuel power) for pumping, straining, etc.

Thus such primary harvest must use sources of energy contained in the
ocean, such as ocean currents, the motion of organisms, or the activity of
filter-feeding creatures.
Ocean "farming," as the analog to terrestrial farming, as a consequence

will be restricted to special limited regions of the sea such as bays or coral
lagoons. The general harvest of the oceans productivity in the ultimate is

constrained to methods paralleling terrestrial "ranching" and grazing, where
a preferred herl)ivore is sent to range (if a filter-feeding fish), or cultural
on artificial substrata (if it is an attaclied filter-feeding organism, like a
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mussel). The potential of these approaches is immense. Indeed, they are
immensely successful in limited areas now.

(g) Certain minerals, such as manganese, are accumulating in the oceans
at rates greater than any immediately foreseeable harvest. They, therefore,

can be considered to be renewable resources.

I have selected the above as examples of the guidance that can stem from
overall evaluation of the planetary resources. It is clear that further

research will refine the evaluation of these constraints and permit and reveal

others.

III. IDENTIFICATION OF GENERAL OPERATIONAL INADEQUACIES AND EXPLORATION
OF IMPROVED APPROACHES

One of the important functions of ocean technology must be to recognize broad
deficiences in our ability to deal with the environmental conditions. If a case is

of sufficiently broad applicability should be subjected to a generalized analysis,

with the intent of arriving at an analysis applicable to the broadest possible

ranges of related problems. Stated somewhat more objectively, there comes a

time when problems such as motion control at sea or pressure exclusion are of

sufficiently wide importance in manifold circumstances that sophisticated

analyses of the most general application are demanded.
Examples resulting from quite general analyses of operational problems of

this nature include

:

(a) The FLIP platform that has shown itself to be so emancipated from sur-

face motion that a new order of magnitude of measurements can be conducted
from it.

(ft) Su7-face platforms moored in the deep sea.—General analysis of the prob-

lems (and the solution of unanalyzable environmental constraints) have made
possible the mooring of instrument platforms in depth as much as 3,000 fathoms
for periods of a large part of a year.

(c) Pt^essure exclusion.—Advanced, analysis of pressure resistant materials

and structures have greatly enlarged our capabilities of operating on or near the

bottom of the deep sea.

(d) Others.—A rather large inventory of power sources, recall devices, auton-

omous operators, sound sources, etc., all are of wide applicability and use.

There are still many generalized problems, however, that are so universal and
disabling as to demand careful attention and thought.

Conspicuous examples include

:

(a) The handling of masses overside in a seaway.—We have made very little

progress in handling masses over the side of a ship since the time of early naviga-

tors. The lowering of a small boat in a seaway is still fraught with serious

hazard, even from the greatest vessels of our Navy. Part of the problem of the

control of motion, we nevertheless are obliged to operate from rolling ships, and
the capability of handling masses over the side should he greatly enhanced.

(6) Mastery of the ocean air.—Present investigations and operations at sea

are restricted to clumsy surface craft or to brief vicarious overpasses by aircraft

or satellite.

The development of a truly marine aircraft would have almost inestimable im-

pact on every phase of oceanographic investigations and ocean operations, civil

and military. Present aircraft are barely tolerated by the sea in brief passages.

Careful attention should be devoted to the possibilities of a craft designed spe-

cifically for pelagic operations. Interim advantages could ensue from develop-
ments leading to improved ocean contact by fixed winged aircraft.

IV. INTERDISCIPLINARY OCEAN TECHNOLOGY

One point that I hope to emphasize in these remarks is that the traditional
mechanical, structural, electrical, or agricultural technology of man's terrestrial

activity, cannot simply be immersed in sea water, and thus brought to bear on
the problems of the marine realm. There are many reasons for the inapplica-
bility of this approach, but paramount among these reasons is the strong inter-

action between the various organic and inorganic entities. The chemicals,
organisms, and motions of the sea interact in complex and intimate ways. For
example, whereas intervention of native creatures or plants into terr(?strial

engineering works is a newsworthy event (e.g. squirrels biting cables, or starlings

in a jet engine), the absence of such biological intervention in the sea is the

unusual event. Thus floats are fouled by attached organisms ; fish gather about
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any installation, bite, make noise, stir the water; other creatures enter any
crevices, excavate and drill.

At the same time other natural events take unfamiliar form in the sea.

Landslides become strong density flov^'s, earthquakes result in brief but powerful
increases in the hydrostatic pressure, and internal invisible waves confuse experi-

ments and ASW search.
A great list of such interactions could be set down, all emphasizing the fact

that the ocean technologist must be very broadly trained and always cognizant
and alert to the range of possible compromises of classical engineering approaches.
Laboratory tests, for example, cannot duplicate the corrosion of a metal under an
unknown organism, or indicate what creature will immobilze a part intended to

move undersea.

V. TECHNICAL LEARNING FROM NATURE'S SOLUTION TO OCEANIC PROBLEMS.

It is a platitude to state that the organisms of the sea have solved many of the
important problems that face man in his utilization of the sea. Energy supply,
light production, echo location, communication, propulsion, navigation, thermal
control, oxygen deficiency, osmotic control, and control of the bends are a few
of the problems that marine creatures have solved.

Studies of the manners by which these solutions have been achieved have im-
portant implications to ocean technology, for, in many of the understood
cases, these have been clean basic solutions. It has been stated with considerable
truth that man's development of high performance submersibles would have
earlier advanced had the fast-swimming fish been studied sooner.

The solutions that creatures have evolved can be considered to be genetic solu-

tions. In most cases we are probably restricted to learning from the organisms.
In some cases, however, we may be able to employ the genetic information
directly.

For example, there are some 50 or more species of higher plants (halophytes)
capable of living in waters even more saline than sea water. These plants possess
effective systems for the desalination of sea water, and hence also the genetic
information on how this is accomplished.

Since these are flowering plants derived from many families this genetic infor-

mation should be transferable to our useful crop plants in selective hybridization
experiments. Successful breeding of this nature would introduce order of
magnitude increases in the salt tolerance of crop plants. Not only might this

allow the development of a sea water agriculture but, possibly and more im-
portantly, permit the conduct of an effective terrestrial agriculture in saline soils

and with saline waters. Such soils and water are one of the rapidly developing
problems of desert agriculture under perpetual irrigation. The larger woody
halophytes, such as the mangroves or the Siamese citrus may be useful as salt

excluding rootstocks for our useful fruit trees.

Other direct utilizaiton of the genetic know-how of marine organisms are
probably not of such far-reaching consequences as the crossbreeding of salt

tolerant plants and crop plants.

The direct use of marine creatures to populate inland saline lakes has been
spectacularly successful, however ; although such introductions have not been
widely attempted.

VI. APPLICATION OF ENGINEERING AND TECHNICAL METHODOLOGY AND KNOWLEDGE
TO OCEAN SCIENCE

The other half of the interrelation between technology and ocean science has
received little attention. It is clear that hydrodynamic analysis, boundary layer
theory, dimensional analysis, high-pressure chemistry, investigations on electro-

lytes, etc., represent powerful methods and have acquired a fund of knowledge
applicable to many of the problems of ocean science. Some of the high-pres-
sure engineering work on phase transformation in minerals, and dimensional
analysis of organisms has yielded important results. However, much of the
potential yield of interaction between the two fields lies unharvested. The two
fields have largely neglected this important aspect of their interrelationships. It
can undoubtedly be stimulated only in the university milieu.

VII. IDENTIFICATION OF HUMAN NEEDS FOR AND HUMAN CONSTRAINTS TO OCEAN USE

A number of ocean technological programs appear to have suffered from an
inadequate appraisal of needs. These inadequate appraisals are of two de-
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grees. In some cases the expression of "need" has arisen from enthusiasts and
has been undertaken on the basis of this enthusiasm without adequate economic
analysis. Desalination programs have suffered from this ill.

In other cases, the significance of the development has been judged from an
inadequate, partial, or anachronistic basis.

A few examples will clarify this point

:

(a) Domestic fisheries as operational and technological tests and experience.—
It is clear that many of the domestic fisheries of the United States have sufilered

from a decline in product and effectiveness. These declines are partly the re-

sult of a long period during which the technical development of fisheries has
been suppressed as an element of control in management. Additional constraints
have been imposed by legislative pressure from conservationists and noncom-
mercial users such as sportfishermen. When economically appraised as simple
producers of fishery products, revival of these fisheries appears to be only modest-
ly rewarding. Thus the pressure of recreational users may dominate even
where no justification exists. The record of a number of fisheries shows, how-
ever, that the greatest rewards have ensued where fishing techniques and product
practice, developed in domestic waters have been extended into new waters else-

where. The tuna and fishmeal industry are important cases in point, where
the exported know-how has been spectacularly rewarding to domestic entre-
preneurs and investors.

We should thus look at the economics of domestic fisheries in this mder view.
Particularly now, when new tools and approaches permit management to be
carried on at a much more sophicticated level, this management know-how also
becomes an exportable product.

(6) Noncommercial iises of the ocean.—Many of the present and continuing
domestic conflicts in the uses of the environment stem from our drive toward
the recreational and esthetic uses and our cultural inability to set up decision
criteria by which these uses can be evaluated in comparison with the conven-
tional practical employment of the environment. This defect in our decision-
making process extends, of course, into many areas other than the marine
realm. However, with incx'easing discretionary time on the hands of members
of our society, our domestic conflicts are increasing rapidly.
An important point to note here is that conservationists and recreational

interests, in the absence of objective criteria for decision, have often been forced
to emotionalism and irrational actions and arguments in defense of their inter-

ests. A prime example of events of this nature is the attitude of the sports
interests in the newly established anchovy fishery off the west coast.

Rather than dwelling on these conflicts, however, it is profitable to consider
what opportunities have been obscured by this lack of decision criteria.

Undoubtedly there are many. Immediately at mind, however, are the following
that relate to the uses of the marine environment

:

(a) SuperstabJe platforms.—The implications of the superstable platforms, dis-

cussed previously, to marine and military science are obvious. However, their
implications to marine sports and recreation are equally great. After all,

they fundamentally solve one of the most powerful dissuaders of deep sea recrea-
tion—sea sickness. Offshore sports fishing platforms, midocean refuges and
supply bases, and, even, midocean hostelries become feasible.

(6) Small toat harhors.—Recreational boat harbors, from a harbor engineer-
ing standpoint, have been considered to be miniature commercial harbors.
However, nature teaches us by example that small boat harbors can possess
completely unique characteristics based on their dimensions and nonlinear wave
refraction and that these are at once more useful and safer than harbors of
conventional design.

(c) Recreational beaches.—For 20 years enough has been known of wave
refraction to understand, and perhaps duplicate the offshore configuration that
gives rise to the famous surfing beaches of the world. Yet this has not been
studied. The impact of constructing a great surfing beach near, let us say, Los
Angeles, can hardly be estimated.

In these remarks, I have covered quite a range of examples. However, I, of
course, have omitted many more examples than I have included. I should have
also discussed w^eather control, bold transportation with icebergs or giant con-
tainers. Plowshare harbors, and the Red Sea power proposal.
However, and, in summary, I have intended to demonstrate through these

categorized examples, the remarkable parallelism of broad ocean science and
ocean technology.
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It is my belief, shared by the staff and faculty of Scripps Institutiom of
Oceanography that ocean technology is extremely well fostered and supported by
its close association with broad and inclusive ocean science.

Regional technical experimentation in the ocean realm also has an
important place in testing and learning of specific regional opportu-
nities that are revealed in the broad picture. The regional experiment
attains special importance ^Y]len it is so alined.

In summary, I wish to make two points

:

(1) In order for a local marine station (as a sort of "wet"' agricul-

tural and engineering experiment station) to be effective, it must be
adjunctive to a broad-scale ocean technology, paralleling, supporting,
and mutually drawing from an equally wide program of ocean science

;

and,

(2) It must be closely associated with a first-rate university, with
departments in geophysics and in the basic sciences and engineering.

It will also avoid basic misidentification of needs if it maintains rap-
port with the humanities and economics departments of the university.

Senator Pell. Our next witness is Dr. David Potter, of the General
Motors Corp., Sea Operations Division, Santa Barbara, Calif. And
I would like also to pass on to you Senator Murphy's greetings and
regrets that he can't be with us this morning.

STATEMENT BY DR. DAVID S. POTTEE, HEAD OF SEA OPERATIONS
DEPARTMENT, GENERAL MOTORS DEFENSE RESEARCH LABORA-
TORIES, SANTA BARBARA, CALIF.

Dr. Potter. Thank you. Senator Pell. My name is David S. Potter.

I am head of the Sea Operations Department, General Motors Defense
Research Laboratories, Santa Barbara, Calif. I am also a member of
the Governor's Commission on Ocean Resources of the State of Cali-

fornia. I would like to limit my comments to a few points which I

feel should be stressed and also to comments on the administrative
procedures outlined in S. 2139 which seem to be controversial.

Many of us who have been concerned with the exploitation of our
ocean resources liave felt a sense of urgency which we have failed to
transmit to the lay public, and only partially transmitted to those in

Government. Probably this is because the case has not always been
well documented. As you are well aware, the loss by the United States
of a leading position in maritime transport happened many years ago
and is dated by some historians at about the time of the Civil War.
To change our relative position in this area will be a heroic under-
taking. This matter is not the reason for tlie urgency which I feel.

On the other hand, the decline in our fishing industry relative to

world production is more recent and is as yet reversible. Tlie large-
scale extraction of nonliving resources from the sea (except petroleum)
is still some time in the future, but it is not so far away that this Nation
can afford the casualness toward it which we have displayed to date.

If we do not move now it is likely that the fishing industry will join
the shipping and shipbuilding industries as unsalvageable witliout
massive help or subsidy. If we do not move now, we may not have a
free choice in i)articipating in offshore mining in the future.
My second general comment relates to the kind of education needed

for ocean exploitation. Some concern has been expressed by my
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acadeniic colleagues over the wordino: of section 2 of S. 2439 wliicli

stresses applied research and the training of technical people to serve

in an extension capacity similar to the agricultural extension program.
Their concern, I believe, is based on the assumption that overemphasis

of tills facet would be harmful to the basic science programs now being

conducted generally in the graduate progi-ams of our universities. I,

too, would be opposed to a lack of balance of that kind, but I am far

more concerned with the present reverse lack of balance. There is a

virtual absence of institutions devoting themselves to the applications

side of marine exploitation. Thus in my view, the intent of the bill, as

clearly stated in the language of the bill, is directed toward the critical

problem area. Tlie authors of S. 2439 are to be congratulated on their

explicit wording of this point. It is heartening to find so much
support for filling the present application gap.

As a member of the Governor's commission, I have had many dis-

cussions with local fishing fleet operators and buyers in California.

They are convinced that more and better technical information in the

hands of the individual fisherman is a prime requirement for increasing

the productivity of the fishing industry. In fact, they rate this re-

quirement second only to hard work as the criterion for success of an
individual fisherman. They consider technical knowledge far and
away more important than such matters as Federal loans for fisliing

vessels, new gear, and the like. Thus, I would like to underscore the

necessity for giving preference to practical applications and to creating

the marine equivalent of the coimty agent. This will not be a short-

term effort. It will take several years before seagoing county agents

can be trained and more years before they will be accepted by the

individual fishermen. You can appreciate that it will take a long

time to gain the confidence and respect of men who have spent 30 years

at sea learning their business, and who regard any tricks of the trade

which they have picked up as propietary information within their own
family group.
The two administrative points which I would like to raise have to do

with the administration of the program by the National Science Foun-
dation, and also the need for fimding of institutions as distinct from
funding for specific projects. The National Science Foundation seems

to be somewhat hesitant to accept the responsibility for administering

the sea grant college program, which is certainly understandable.

Historically the Foundation has maintained the i^oint of view that they

should fund worthwhile projects conducted by men of stature and
demonstrated competence, primarily in basic science. As a practical

matter the Foundation has preferred to take a passive role in the devel-

opment of a field by choosing among programs which are presented to

it rather than the active role of giving direction by soliciting proposals

in particular areas. It is clear that the administration of the proposed
sea grant program would require a significant departure from the

present National Science Foundation philosophy in order to be success-

ful. A major aid to NSF in administering the program would be the

creation of a special advisory group having detailed knowledge of the

program objectives.

A second administrative problem which has given rise to contro-

versy, is the kind of institution which is required to carry out the con-

cept of the sea grant college and the nature of the funding to be sup-
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plied. We do have centers of excellence in the marine sciences now in

this country. We do not have centers of excellence in ocean ens^ineer-

ing or ocean technolo,5y. Only a few universities, such as the Univer-
sity of Rhode Island and the University of jMiami, have made any
effort in this latter direction. Further, at least in California, it would
be quite difficult to append a paraprofessional or technician training

program to those existing institutions which have some competence in

ocean matters. Thus it seems to me necessary to provide long-term
funding of an institutional nature in order to allow the institution to

develop a long-range balanced program. In this way the great need
for more applied research and training can best be met.

A superior technology has plaj^ed a decisive role in allowing the
United States to compete succesfully in many fields in the world
market. The technical superiority which we enjoy has come about
largely because of our national commitment to higher education. In
order for us to recapture U.S. leadership in world fisheries, and to pre-

pare for the coming market in nonliving resource extraction, it is

essential that we provide the education base for an advanced tech-

nology. This brings me full circle to the urgency argument which
I advanced initially. The establishment of the kind of education
program which is visualized in S. 24?>0 must be regarded as a long
leacitime item. It is an essential precursor to any increase in activities

b}^ the United States in sea-based markets.
Let me stress that I am wholly in favor of the bill. The adminis-

trative details, although important, should not be allowed to jeopardize

its early passage. For my own part, I am more concerned that the

philosophy of what is required be established, and that we immediately
go about the business of providing this long leadtime item.

Senator Pell. Tliank you. Dr. Potter. I appreciate your testi-

mony very much. It was sharp and clear.

So that we might have a better idea, what is the interest of General
Motors in the sea? I think this would personalize your testimony
even more.

Dr. Potter. I head the sea operations department of our defense
research laboratories. Our major activity at Santa Barbara is related

to the various Navy programs in undersea instrumentation, acoustic

instrumentation, and antisubmarine warfare.
In addition we have interests which are somewhat more broadly

based.

Senator Pell. Thank you. I share some of your doubts about the

NSF as the administering agency.
"V^Hiat is your reaction to the Smithsonian Institution, or do you have

anv other suggestions as to an administering agency ?

Dr. Potter. I think from what I have heard—and the idea of the
Smithsonian was new to me until I read the testimony this morniner

—

the Smithsonian would have the same three drawbacks that the Na-
tional Sr-ience Foundation woidd have. I believe that the staff of the

Science Foundation if given this responsibility certainly would do
their best to discharge it. I feel that the Science Foundation might
be a good interim solution. I agree with the other comments that
have been heard this morning. I would regard it as an interim solu-

tion and that at some point the administration be put in an activity

de^'^oted to the ocean.
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I think in the end vre would all like to see something like the De-
partment of the Ocean in the Federal Government.

Senator Pell. I would agree with you in your thought here because

if we put a little program like this into the maw of the NSF, it could

get a little lost. So perhaps another way of getting around this

is the idea of an advisory group or, as the minority suggested, a group
that might report to the Congress once a year, that would keep the

personality and the individual purpose of this program separate from
the general purpose of the NSF.

Dr. Potter. I think the major concern that I would hare is the

necessity for creating a new program or creating within the institu-

tions services that don't now exist. The Science Foundation largely

depends upon the fact that the science which they are funding does

exist within the institutions. Thus, NSF can accept a passive role.

The sea grant college administration has to pursue an active role to

create the program.
Senator Pell. Do you have any thoughts with regard to the match-

ing formula ?

Dr. Potter. Only to echo Dean Spilhaus, that some matching in

kind is required to show good faith on the part of the participating

institutions. All the arguments that he presented for not having
a set dollar formula I think are valid.

Senator Pell. Thank you very much, Dr. Potter. You also had a

long trip to come here and I thank you very much indeed. Your
testimony was very sharp and very good.
Now our next witness is Dr. Eobert A. Eagotzkie of the Department

of Meteorology of the University of Wisconsin. And he is coming
here at the suggestion of Senator Nelson from Wisconsin who regrets

that he, too, could not be with us here this morning and wishes to greet

you, and I greet you in his name.
Dr. Eagotzkie, will you proceed as you will.

STATEMENT OE DR. ROBERT A. RAGOTZKIE, DEPARTMENT OF

METEOROLOGY, UNIVERSITY OF WISCONSIN, MADISON, WIS.

Dr. Eagotzkie. Thank you very much, Senator Pell. I am very

honored to be invited to these hearings.

I have submitted a copy of my statement and I will summarize that

statement now.
The University of Wisconsin is strongly in favor of the sea grant

college program. I speak for the administration of the University

of Wisconsin in supporting this bill. We endorse Dean Spilhaus'

imaginative idea to advance the frontiers of marine science and to

translate the new knowledge into useful information for practical

application in the use and preservation of marine resources. We went
on record to this effect over a year ago in the March 19, 1965, issue of

the AAAS journal. Science. At the Newport conference in October

1965 the concept and many of its aspects ^Yere thoroughly discussed by
representatives of government, universities, and industry. Tliere is

no need to repeat what was so forcefully said at that conference by
Dean Spilhaus, Senator Pell, Dr. Carlson of NSF, and others.

Therefore, I have selected three points which I believe need further

emphasis.
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These are: First, the role of basic research and education; second,
the role of the Great Lakes; and third, I would like to mention a few
points about the marine sciences program at the University of
Wisconsin.

Role of basic research and education : The development of the sea
grant colleges as centers of excellence for the study of the oceans
and the Great Lakes must be founded on sound educational and basic
research programs. Clearly the successful translation of new
knowledge into useful information for practical application depends
ultimately on a dependable supply of new knowledge. The success
of the land grant college program is ample proof of this.

A broadly based education program is also absolutely essential
for maintaining effective communication between scientists and the
public. This educational program should not be limited to full-time
students, but should also provide expanded opportunities for profes-
sional and industrial people to learn new skills or revitalize their
present skills.

There is a need to increase the numbers of marine scientists at all

levels. As pointed out in the American Society of Limnology and
Oceanog-raphy report on "Education and Recruitment of Oceanog-
raphers in the United States"

:

Recruits have been drawn from two sources :

1. Men trained in the basic sciences and other subjects related to marine
sciences ; and

2. The graduates of university departments of oceanography.

The report goes on to point out that the first source has provided
most of the staff of the Woods Hole Oceanographic Institution and
several Government agencies engaged in oceanographic research. The
large graduate schools of the midwestern universities have contributed
a large share of these. Many Ph. D.'s from the University of Wis-
consin in the last few years have gone directly into the marine sciences
in both Government agencies and universities.

In order to accomplish the aims of the sea grant college concept
there must be an effective working relationship between the natural
and social science and engineering groups. This is especially true
when water resources are involved. Such a problem as the deteriora-
tion of water quality in the Great Lakes or any other multiple use
always requires the cooperation of specialists from many fields for
its solution. At the University of Wisconsin we have a long tradi-

tion of interdisciplinary work on natural waters. As an example, one
of our major efforts has been directed toward the problem of artificial

eutrophication (overfertilization) of natural waters. Bacteriologists,
biochemists, botanists, chemists, geologists, meteorologists, and zo-

ologists have worked together for nearly two decades on this problem
to understand the process of natural and artificial eutrophication and
its fundamental causes. Our engineers have developed water weed
harvesting machines and our sanitary engineers and water chemists
have identified and evaluated the sources of nutrients and are develop-
ing schemes to eliminate these. Over the years more than 14 uni-
versity departments have been actively involved in this program alone.

Because of this the National i\cademy of Sciences has selected the
University of Wisconsin as the site for nn iiileriiational symposium
on eutrophication to be held in July 10C7.
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Lakes of "Wisconsin have served and will continue to serve as sites

for conducting experimental oceanography. One can identify prob-
lems and develop hypotheses at sea, but it is only in the smaller lakes

that one can conduct experiments to test them.

The economic, social, and political aspects of major water problems
are becoming increasingly critical. In the oceans and the Great Lakes
the development of management techniques and plans for multiple
use of water resources is already seriously lagging because of non-
scientific problems. In the water resources center at our university

we are making a special effort to bring the talents of economists, rural

and urban planners and lawyers, as well as sanitary engineers and
natural scientists to bear on water problems. This subject should re-

ceive special emphasis in a sea grant college.

Sea grant colleges will be expected to assume leadership in develop-
ing and applying new techniques for the study of the marine environ-
ment. Conventional research ships with improved equipment will

continue to be needed in increasing numbers. However, modern tech-

niques of remote sensing from aircraft or satellites have exciting
potential for augmenting the ship recorded data and for rapid survey
of inaccessible regions such as Hudson Bay or the Antarctic Ocean.
These techniques are especially useful for measuring heat exchange
and evaporation from the sea surface. These processes are the pri-

mary energy sources for our weather.
Automatic buoy systems can also obtain on a continuous basis ocean-

ographic data which can then be transmitted by radio to overflying-

aircraft or satellites and then relayed to shore stations. These systems,
remote sensing and automatic buoys, are already within the state

of the art. However, they have not yet been applied to anywhere near
their full potential. Furthermore, they will attain their maximum
power and usefulness only when they have been married into a single'

unified system of buoys, ships, and overflying vehicles. To accomplish
this combination of subsystems would be a major challenge for the
sea grant colleges—one which would require all the talents of several
first-class, broadly based universities.

The Great Lakes : The Great Lakes of North America have been
called the largest single resource of fresh surface water in the world.
Despite their misuse by man their water is still of high quality ; no
desalting is necessary. They support a fisliery wliich could be further
improved by careful management. They are important for commerce
and with the opening of the St. Lawrence Seaway they provide a cheap
marine highway from the center of our country to anywhere in the
world. Valuable mineral resources in their bottoms no doubt exist

but have been largely ignored. The Great Lakes represent a recrea-
tional asset which has almost certainly been underestimated up to

now, but with the high rate of growth in the size and mobility of our
population, this asset will surely be tapped heavily in the future.

Yet despite their immense value to man, less is known about some of"

the Great Lakes, especially Lakes Superior and Huron, than about
many areas of the ocean, and Lakes Michigan, Erie, and Ontario are
becoming polluted at a frightening rate even before the natural
processes in them are understood.

In addition to being well worth studying and developing as a major
resource, these inland seas are excellent models of oceanographic and
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meteorological processes. Many air-sea interactions can be better

studied here than in the sea. Their circulations vaiy from short-term,

wind-driven motions to longer term quasi-permanent circulations;

free and inertial oscillations, both surface and internal, and much
more easily studied than in the oceans. Since most oceanographic
processes occur in these lakes, they represent an ideal training ground
for students.

Sea grant colleges in the Midwest could take full advantage of the
Great Lakes and could play a major role in the management and pres-

ervation of these unique bodies of water. It may be instructive at this

point to mention the major research and training institution recently

established on Lake Baikal in the Soviet LTnion. This impressive in-

stitution was described in detail last August by Eussian scientists at

the International Limnology Congress in Warsaw, Poland. This in-

ternational congress also gave major emphasis to the Great Lakes of
the world when it met at the LTniversity of Wisconsin in 1963.

Marine sciences at the LTniversity of Wisconsin : The marine sciences

program of the University of Wisconsin is characterized by numerous
separate research projects in various departments such as geology,
meteorology", civil engineering, and zoology. These research activi-

ties range from the study of the world ocean and the Great Lakes to

experiments using smaller lakes as laboratory models of oceanic
processes. We have recently established a Ph. D. program in ocean-
ography. We have also set up a center for Great Lakes studies at

Mihvaukee.
With modern transportation, scientists anywhere in the LTnited

States are only hours away from the sea. Hudson Bay is less than 700
miles from the campus of the University of Wisconsin. It is readily
accessible by modern research aircraft, and I might mention that we
are already taking advantage of its relative proximity to make in-

frared surveys of its surface temperature. Hurricane research is an-
other of our activities in which we are directly concerned with the sea.

Wisconsin scientists have also been active in ship and airborne studies
of the Arctic Ocean. Our geophysicists are cooperating in the Mohole
project near Hawaii. Marine biologists at the University of Wiscon-
sin now collaborate with marine laboratories at Duke LTniversity, the
LTniversity of Hawaii, the University of Washington, the University
of British Columbia, and the Fisheries Research Board of Canada.
From these examples it is clear that geography presents few problems
to the modern oceanographer.
When viewed as a whole we believe these research and educational

activities represent a "critical mass" which could serve as a nucleus
for an even broader based marine science program as envisioned by
the Sea Grant College and Program Act.

In conclusion I wish to repeat I speak for the LTniversity of Wiscon-
sin as a whole in endorsing this bill and recommend that it receive
favorable consideration from your committee.

Senator Pell. Thank you very much indeed, Dr. Ragotzkie.
One question here in connection with this matching funds provision.

I have been informed I was incorrect in saying the National Science
Foundation never did have matching fund programs. It has a 50-50
matching facilities program. Also there is the development program
that was matching requirements.
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Do you think there should be matching provisions in this legislation

or not ? What woul cl be your view ?

Dr. Eagotzkie. I think the institutions should display a tangible

commitment to a program in the marine sciences. By a tangible com-

mitment, however, I think one should include intellectual resources in

terms of professors who teach courses in marine sciences and who are

paid by State funds. Also space, facilities, lands on the coasts, and
this sort of thing should be considered a commitment. Furthermore,

a statement by the administration of the institution that they are be-

hind a program in the marine sciences should be considered tangible.

I agree fully with Dean Spilhaus' reasoning on the idea of match-

ing dollars. It is sometimes difficult for the individual States, espe-

cially those in the center of our country, to defend dollar expenditures

for research programs on regions of the world ocean that do not appear

to offer any inmiediate benefits to the people of that State.

Senator Pell. It might be even more difficult for private institu-

tions as opposed to State universities as well in this connection.

Dr. RaCxOtzkie. It certainly would.

Senator Pell. And I must add here that the term "sea grant col-

lege" could apply to a private institution. It does not necessarily mean
a State institution, which is the meaning and effect in the land-grant

college.

Dr. Ragotzkie. Yes, sir.

Senator Pell. Thank you very, very, very much indeed, and I am
so glad you have come from the Great Lakes area because the action

resultant from this bill will have fully as much effect and benefit, I

believe, in your part of the country as on the salt water area. Thank
you so much.
Dr. Ragotzkie. Thank you very much.

Senator Pell. I would like to direct a question if I could to the

father of the bill, which I neglected to do before. Dean Spilhaus,

and that is on the use of the term "oceanography," and the more I

have studied this legislation as a layman, the more I have come to the

conclusion that "oceanology" would perhaps be a better term. It is

used in more countries abroad n.ow, is being steadily used more, and

covers a wider field of knowledge, and I think it comes easier to the

tongue of the layman. What do you think ?

STATEMENT OE BR. ATHELSTAN SPILHAUS, DEAN OF INSTITUTE

OE TECHNOLOGY, UNIVERSITY OF MINNESOTA—Resumed

Dr. Spilhaus. Well, these are two considerations in semantics

which we are discussing now. Oceanography is difficult to pronounce.

Oceanology seems to be easier and that is an important consideration

to consider when we want to communicate with all people.

Senator Pell. Particularly in this program which is for the practi-

cal application.

Dr. Spilhaus. Right. And certainly oceanography although, of

course, the acceptance of the word is an important consideration and

oceanography in English-speaking countries has become accepted,

basically from the roots of the word it is not a veiy good word. Sup-

posing we called our living science biography. It is a little con-

fusing. We actually call it biology.
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Senator Pell. There is a lot of difference. Biology can produce
biography.

Dr. Spilhaus. Biography really is a true good root for what we
understand of biography, the writing up of life. So that in a way,
from the root point of view, oceanology is a better word. But I would
like to say this, that neitlier oceanology or oceanography are what
we are talking about here nor are we talking about marine science.

We are talking about ocean technology, ocean engineering, ocean

techniques. We are talking about extracting the science from marine
science, oceanology and oceanography, and putting it to work. So
that I would prefer in the context of exploiting the seas to talk about

ocean engineermg or some such term that avoids the confusion with

the basic science.

We now have biological engineering and biological engineering

is going to be a very important thing in the future. We have bio-

chemical engineering. So we have marine engineering in the new
sense and ocean engineering.

Senator Pell. I very nn;ch like your analogy to the use of the

words "biology" and "biography," and I was quite struck by it.

In this legislation I have somewhat ducked the issue by my bill

mentioning neither, adopting the coward's approach, using the words
"marine sciences," but I thought in rewriting the bill we might use

the word "oceanology." Do you see any objection to that in the

professional field ?

Dr. Spilhaus. I see no objection except that it does diminish our

goal which is to the practical applications of oceanology. Marine
science, too, implies the basic science, whereas our goal is the applica-

tion of the scientist.

I think that you can duck the issue by saying oceanology and ocean

engineering, or oceanology and ocean technology, or marine sciences

and ocean engineering. Couple the two as indeed they must be
coupled if we are to get anywhere.

Senator Pell. Thank you very much, and forgive me for asking

you this question, but I wanted to get it on the record.

We are luclry enough to have with us another witness. Dr. George
Kounsefell of the University of Alabama, and in behalf of the chair-

man of our committee. Senator Hill, who I know would welcome you
here if he could, I am so glad you have come and I hope you will

proceed as you will.

STATEMENT OF DR. GEORGE A. ROUNSEFELL, PROFESSOR OF

MARINE BIOLOGY, UNIVERSITY OF ALABAMA

Dr. RouNSEFELL. I am very glad to come and testify. Senator Pell.

Senator Pell. I notice you have a fairly lengthy statement. Would
you like to read it or digest it or what would be your will?

Dr. RouNSEFELL. Well, if it is your pleasure. Senator, there are por-

tions of this that are a little long. If you would rather have me
summarize it

Senator Pell. Why don't we put it in the record in full and you
might summarize those portions of it that you feel you should.

Dr. RouNSEFELL. Very happy to.

62-996—66 15
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I want to commend the dedication of yourself and your committee

in backing this bill. However, the terms of reference are a little

broad ancl there are some suggestions I would like to make to the

committee for some changes that I personally feel are essential.

To begin with, I a,gree that we do need the extension sei-vices as

well as the basic and applied research. The idea of having a sea

grant university in every State in contact with the fishermen is sadly

needed.
Over the last 30 years our fisheries have not advanced. Fisheries

in other countries, such as Japan, have made tremendous strides,

similar to what has happened in agriculture where they have had their

land-grant-college system.

In Japan they have fishery education, research, and extension serv-

ices at all levels and in all the prefectures. We need a similiar type of

thing, as you have indicated in this bill. However, the bill as now
worded permits this money to be given to groups of individuals, in-

dustries, corporatons, foundations, museums, and so forth, which
somewhat belies the title of the bill, wliich is a sea grant college bill.

Also I would like to address the attention of the committee to the

idea that at least a good part of these funds should be used for insti-

tutional support, rather than the project type of support, which I feel

greatly weakens the university's participation. I feel that what we
need is continuous support, even if it is at a low level, so- that the

universities can have a hard core of teachers, scientists, and extension

service people working continuously.

It is very difficult to carry on any kind of continuous and worthwhile
program on fluctuating funds. If a few of these small changes I have
indicated could be made in this bill, I would be willing to vigorously

.

support, it. As it now stands, I am afraid I would have to oppose it,

sir.

Senator Pell. You feel because it doesn't have enough of an em-
phasis on this practical relationship to the fisherman.

Dr. RouNSEFELL. Well, no. I agree with the practical relationship

to fishermen. I believe we have to have basic science, applied science,

and extension all working together as a team.

Senator Pell. Good.
Dr. Roitnsefell. I do think that we have enough knowledge to

start this exploration of the sea but we also have to continue a certain

level of basic science or our information will dry up ancl in the long
run we will suffer. I do believe in the extension service and T think
we have got to do it, and it has to be done at the State level, the same
as was done with the land-grant colleges. You see, I disagree with
the idea that all these funds should be put in a few institutions who
are now competent in certain types of oceanographic research, especi-

ally deep sea research, which is exceedingly expensive.

At a very small fraction of the cost you can do a fine piece of work
in mariculture, hi the estuaries. A quarter of all our fish landed comes
from between Port Arthur, Tex., and Pensacola, Fla., yet there is no
provision to help our fishermen in an area such as this. We are very
much in favor of having this bill, sir. But we would hope that it

would be so amended that a portion at least of these funds would be put
into continuing support of a sea grant college in every State. And
I would not oppose having them in inland States because inland
States can share seacoast facilities with a seacoast State.



SEA GRANT COLLEGES 221

Senator Pell. To draw on your reasoning a little bit in this con-

nection, tlie thought hei-e is not just to confine it to the few States

or institutions that presently have programs. It is to make the pro-

gram or the concept available to any iState that develops an interest

in doing so.

For instance, if the State of T^tah developed an interest in this

kind of program and developed a program to do it, it could become
a sea grant college, but I am sure you don't visualize the relatively

small amount of the money being divided on a specific population basis

or something of that sort among the States.

Dr. RouNSEFELL. I think any State who wishes to have a sea grant

college should be able to have it by the wording of the bill.

Senator Pell. But it is only, say, $15 or $10 million and you have

got 50 States. That would mean, let us say for the sake of argument,

of $15 million, 50 States, you would see that would amount to maybe
$300,000 a State.

Dr. EouNSEFELL. Well, $300,000 on an estuarine program and to

develop education and extension in a State would be a very fine start.

I also feel that AVhen this program starts you will find a great many
other sources of local and State funds that vrill be funneled into the

sea grant university. Thus Ave will receive enough money to develop

a strong program.
I had experience while running laboratories, in trying to hire per-

sonnel, and we do not have the trained personnel today because there

is not enough education in the marine sciences.

Senator Pell. You believe, then, that it should be available to any

State that shows an interest and wants to develop such a program.

Dr. RouNSEFELL. Yes, sir.

Senator Pell. But it should not just be divided up, as we suggested

earlier, like appointments to Annapolis among the States.

Dr. RouNSEFELL. Well, if a State doesn't want to go ahead with it,

then they shouldn't get their share, but if they want to go ahead, they

should be able to.

Senator Pell. You don't believe there should be a degree of com-
petition between the States so that if the State of I^tah comes up with

a good program they could get it. If another State saw a need of just

getting some added money, wasn't really interested in it, but saw it

as a means of bolstering something they were already doing, they

sliould in my mind not get it.

What would be your view ?

Dr. RouNSEFELL. Well, if a State is not interested in it, it shouldn't

have it.

Senator Pell. But if Federal money is available, no matter if it is

to teach Siamese or astrology, the States will probably go after it.

There has to be a degree of competition to winnow down the de-

gree of interest.

Dr. RouNSEFELL. Well, I think that we have got to try to establish

these programs in as many States as possible if we are going to com-

pete in our fisheries. We are losing out in the race. We have failed

in the last 30 years to do anything for our fisheries in spite of all thi^

money spent for oceanography and for fisheries. I think our fail-

ure stems from not having proper education at the grassroots level.

Senator Pell. And your thought is, too, the money sliould bo equally
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available and used in Montana or Vermont as it would be by tlie

cstuarine States.

Dr. RouNSEFELL. I feel that each sea grant college should develop
its own program in the same manner as is done Ijy the land-grant
colleges. Some of them went into entomology, some livestock rais-

ing, some agricultural engineering. They had a diversified program.
I think this was the strength of the program. I don't think they
should all do the same thing.

For instance, in Alabama we have no desire at all to compete with
deep-sea oceanographic institutions already established, but we do
have a great need to work on our estimates.

Senator Pell. I wonder if your thoughts might be somewhat akin
to the Arts and Humanities Foundation bill, of which I was the floor

manager at the last Congress, where a certain minimum was given
to each State provided they had a council and an interest, and then
over and beyond that minimum, it was allocated by the Federal Gov-
ernment on the basis of excellence in competition that that particular

State offered.

Dr. RouNSEFELL. I agree, sir, there will have to be some kind of a
jcompromise and I think this is—

—

Senator Pell. With a provision of that sort you would find the bill

acceptable.

Dr. RouNSEFELL. Yes, sir.

Senator Pell. Now, another question. I am not saying we can do
that but I want to get your thinking. Another question here is that

you think the Department of Interior should administer the act as

opposed to the National Science Foundation. If it is understood,

however, that it will be doing it basically on a temporary basis until

the agency set up to handle oceanography in the Nation comes into

being and helps make a decision on this, would that be equally accept-

able to you ?

Dr. RouNSBFELL. I am not strong on this particular point. The In-

terior Department has desalination, fisheries, minerals, and submerged
lands now. They have competent staffs in these fields and they might
be able to give the program a little better start than an organization

which has been in the granting-of-money business and not in the actual

staffing business. Interior has the administrative setup right now.

Senator Pell. What would you tliink of the Smithsonian Institu-

tion as the original agency ?

Dr. RouNSEFELL. Well, I thought from the talk given yesterday that

their interest was largely in classification of organisms rather than in

administering a bill.

Senator Pell. I think that came out in the testimony of their own
witness.

Those are the two main points. Were there any other specific points

I failed to catch in the written testimony or what you say today ?

Dr. RouNSEFELL, No. I think this covers it very well.

Senator Pell. Those are the two points basically. If those two
points were met, you would find yourself agreeable ?

Dr. RouNSEFELL. Yes, I w^ould.

Senator Pell. As far as the Interior Department administering it,

that would not seem to be in the cards, from the bulk of the testimony

that has come in so far.
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Dr. RouNSEFELL. Tliis was merely a suggestion, sir.

Senator Pell. Right. Thank you very much. Very kind of you

to come here.

(The prepared statement of Dr. Rounsefell follows :)

Prepared Statement of Dr. George A. Rounsefell, Professor of Marine
Biology, University of Alabama

I commend the sincerity and dedication of Senator Claiborne Pell and the

scientists who labored with him in drafting this bill (S. 2439). I also thank

Senator Pell for his invitation to testify concerning it. The terms of reference

in the first draft of this bill are broad. Senator Pell has indicated, however,

that this bill perhaps should be modified before enactment. I agree on this point

and should like to suggest to this committee some changes which I feel are essen-

tial.

Before explaining these needed changes I should like to state that I have been

a research scientist, administrator, and educator in fisheries and biological

oceanography for over 40 years. I have worked in California, Washington,

Alaska, Massachusetts, Maine. Texas, and Alabama, and spent 1 year in Turkey

for the Food and Agriculture Organization, besides serving a 4-year term in

Washington, D.C. I am familiar with all of your great fisheries and the fisher-

men who make their living thereby. I have seen oceanology and the marine

sciences grow from almost nothing to their present size. I have directed marine
science programs and laboratories and appreciate their problems.

Prior to World War II. a number of marine laboratories were already in exist-

ence. Some were fostered and backed by universities, some were privately en-

dowed, and several were run by the Bureau of Commercial Fisheries. All were
oriented toward the study of living organisms ; a few managed to scrape together

enough money to buy an old vessel and make excursions from the shore to study

the chemistry, physics, and biology of the open sea.

With the advent of World War II, it was suddenly realized that the scientists

at these marine laboratories could make important contributions to defense

through knowledge of ocean currents, wave heights, and the vagaries of under-

water sound. A few of these laboratories were recipients of large defense grants:

and contracts and so quickly outstripped the other laboratories in physical

facilities.

After the war terminated, these laboratories continued to receive generous
defense funds. In addition, they and a few more laboratories obtained con-

siderable large-scale support from the National Science Foundation. But exist-

ing sources of funds are well-nigh exhausted, or fully obligated.

Dr. Harve Carlson of the National Science Foundation recently stated "* * *

the national oceanographic program, encompassing the activities of 22 Federal
agencies, has been virtually level-funded for the past 4 years. This implies

that if a new project is to be started, somewhere an old project must be curtailed

or discontinued * * *. Many institutions are now financially undernourished."
In view of the vast sums already spent on physical oceanography, and the much

smaller sums spent specifically on fisheries over the years, the results are pitiful.

U.S. fishery production has remained static for the past .SO years ; we have slipped

from second to a poor fifth place ; we import more fishery products than we
produce. At the same time, our agricultural production has been advancing in

giant strides. Why has our agriculture been so successful while our fishery

production has been failing?

I believe the answer lies chiefiy in the difference between the manner of

financing and operation of marine education and research as contrasted to that
in agricultural education and research as carried out by our great land-grant
college system. Land-grant programs are devised and administered at the State
level, largely unfettered by bureaucracy. A large part of the supi)ort has been
institutional, thus permitting the development of a core group of faculty with
continuous and dependable financing. Marine education and research needs
this same type of funding.
The President of the United States last September mentioned the concentra-

tion of Federal research and instructional funds in "* * * too few institutions

in too few areas of the country" and the need for providing support" * * *

under terms which give the university and the investigator wider scope for
inquiry, as contrasted with highly specific, narrowly defined projects." Unless
amended. S. 24.39 will increase the problem which the President has cited, to the
detriment of both marine science and our universities.
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One other point needs clarification. Throughout most of the discussions on
S. 2439 the term "oceanography" has been used without real definition. Ocean-
ography is not a science anymore than you can speak of "land science" ; it is

merely the application of many basic sciences to problems of the sea. There-
fore, you need to know what this bill is intended to finance.

The land-grant colleges did not set out to solve all terrestrial problems.
They were mission-oriented to perform specific functions—undergraduate train-

ing for future farmers, graduate training for research and teaching, basic and
applied research applicable to food production, and extension services at a local

level to assure maximum use of research findings. They certainly were not
chartered to engage in developing materials and techniques for defense. Some
such structure of purpose needs to be given the sea grant colleges.

There has been much discussion of the inadequacy of available funds for

the purposes of S. 2439 ; several have suggested limiting the number of sea
grant colleges to those who have already shown competence. What is meant
by "competence" is hard to define except in terms of costly research vessels for

deep sea work. Whether possession of such a vessel always means competence
is open to serious question.

One of the top participants in the symposium on sea grant colleges held
in Rhode Island last October and a member of the National Committee for Sea
Grant Colleges, in discussing S. 2439, named only seven imiversities he thought
should be sea grant colleges. At least one of these commenced oceanographic
work after 1960. Five are in the Pacific, only two are on the Atlantic coast,

and none was on the Gulf of Mexico or the Great Lakes. This would mean a
sea grant college in all 5 States bordering on the Pacific with only 2 left for
the remaining 25 maritime States : What if the land-grant colleges had been so
poorly distributed?

Dr. Paul Fye, director of perhaps the world's largest oceanographic laboratory
,at Woods Hole, Mass.. stated at the October symposium. "* * * we're not
very far from the time when we need to have a form of marine science and
ocean engineering in every decent university." I agree entirely ; and S. 2439
should be designed to accomplish this result.

Funds considered inadequate, on the one hand,. to embark on a deep sea venture
requiring a research vessel and a large corps of scientists to analyze the data
gathered may be sufficient, on the other hand, to cai*ry on a very ambitious and
equally or even more important program of mariculture, for example. Because
one form of research is much more expensive does not guarantee that it is either

better, or likely to produce more lasting results. I favor allowing latitude to

each sea grant university to develop its own marine program, unhampered by the

necessity of conforming. This diversity of program has been the most clearly

identifiable source of success for our land grant universities, and for American
education in general.

It seems clear from the discussions held at the October 1965 meeting in Rhode
Island that many of the participants believe we already have enough basic knowl-
edge to enable us to decrease emphasis on basic research and plunge headlong intot

marine engineering for the conquest and occupation of the sea. It was even
stated that management of shallow coastal resources was easy, and that we
should move on at once to the more challenging problems of the deeper waters.

These parochial views remind me of the early workers in limnology who worked
chiefly on the larger lakes where stable conditions were easier to understand

than those in the smaller, but vastly more productive, shoal waters, ponds, and
streams. After years of poorly financed work we do not have sufficient knowledge

to manage intelligently even our common estuarine species. Yet, the basic re-

search needed could be acomplished at a fraction of the cost of deep sea

engineering.
In the foregoing context I should now like to address my remarks to certain

provisions of the bill before you. This bill would authorize the making of grants

to, or contracts with, not only universities, but also public or private agencies,

museums, foundations, industries, laboratories, corporations, organizations, or

groups of individuals. In short, the funds could be given to anyone at the

pleasure of the Federal administrators of the program.

I cannot in good conscience support such a provision. The strength of the

land grant colleges lies in the fact that they provide research, teaching, and

service. To grant funds to industrial and nonuniversity groups merely to ac-

complish a particular piece of research defeats the avowed purpose of the bill. I

should like to see this sec'tion 3(a) (10) revised to read "Programs to carry out
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the purposes of section 3(a) (10) shall be accomplished through grants to 1

fully accredited university in each of the 30 States that boi-der the sea or the
Great Lakes. Such university shall be one that is accredited to grant doctorate
degrees in the natural and physical sciences."

I should not mind if the wording were such as to permit a sea grant university

to be established in any or all of the 20 inland States as well. Many of them
have faculty interested in the sea, and each one could arrange to share costs of

maintaining any needed seacoast facilities with one of the coastal sea grant
universities.

My reasoning is simple. The total funds available under this bill as now
worded have been variously estimated as between $10 and $17 million per year,

with the later figure probably the closer estimate. It is well known and under-

stood that this sum is only a small fraction of the amounts already being spent

on oceanography—in fact, less than the annual budgets of only two or three of

the existing oceanographic laboi-atories. Instead, then, of using this money as

a supplement to existing projects, or for funding other organizations (as the

bill provides), it needs to be used to broaden the base of our competence by
providing funds in every maritime State to strengthen academic teaching and
research.
The few institutions that have achieved, largely through public fimds, the most

competence or physical facilities in some field of oceanography seem to feel they
alone should participate in the sea grant college program. This is because they
are well aware of the great expense of maintaining and operating ocean research

vessels. This, however, is a very narrow and selfish view of the problem. There
are many phases of marine science, possibly less glamorous, but equally or even
more rewarding, that do not require this tremendous outlay in expensive

hardware.
Every sea grant college should be free to develop its own program, just as

the land grant colleges diversified their attack. The result will not and should

not be unhealthful competition, but an urgently needed opportimity to awaken
and maintain a widespread attack on all phases of marine science.

I also question the naming of the National Science Foundation to administer

the act. The land grant colleges work through the Department of Agriculture.

The sea grant college program should be administered through the Department
of the Interior, which has jurisdiction regarding submerged lands, minerals,

desalination, and fisheries. The National Science Foundation was set up to

encourage basic research ; it was not set up to administer programs of applied

science, teaching, or training. The latter are the most important in develop-

ment of marine science.

Earlier I mentioned the fact that our fisheries are lagging far behind those
of other countries. This failure is continuing despite the enormous sums that

have been spent on oceanography. We need not only the diversified approach
that can be provided by a number of sea grant colleges, but also the means of
translating discoveries in basic and applied research into action programs at

the State level. Such work cannot be achieved by a few super universities but
must come from local sources working closely with fishery operators.

In the impending year 2000, only 34 years hence, our present population may
be doubled. We may or may not need to know more about the Mohole, but we
still .shall want to eat, and food will likely be a scarce and expensive commodity.
If we are to farm our coastal waters and control our pollution, we shall have to

start now to accumulate the necessary knowledge.
It was stated at the Newport. R.I.. symposium that "At the outset it would

seem best to utilize the resources of institutions which have already established
a reputation of leadership in oceanography * * *." This concept entirely ig-

nores the proportionately much greater need for support of the smaller marine
lajboratories already in existence in most coastal States, including Alabama.
The funneling of so-called sea grant college funds into a few oceanographic
laboratories would result in furthering the existing sad imbalance that is losing

us our share of the world's fishery harvest. By our failing to provide sufllcient

funds at the State level for research, education, and service, our marine
sciences program has been marking time.

This bill, S. 2439. could be the vehicle for rejuvenating our failing fisherie.<?

and developing new sources of marine wealth. Senator Pell should be con-

gratulated for his foresight in introducing it. With suitable modification, such
as I have suggested, the bill should be .supported vigorously. As it now stands,
the bill should be opposed.



226 SEA GRA]VT COLLEGES

Senator Pell. At this time I would like to pay particular tribute to

my own intellectual godfather, Dean Knauss, of the University of

Rhode Island, wlio presented his testimony at Rhode Island 2 days

ago, and is down here with Mr. Leslie of the university.

Are there any additional points, Dean Knauss, that you think, hav-

ing heard testimony here, that you would like to offer or supplement
your views given m Kingston ?

Dr. Knauss. No, sir. Not at this time.

Senator Pell. Thank you. I would be most remiss, incidentally, if

I did not pay complete tribute to all the help that Dean Knauss has

been to me. When I started out on this, very much interested in the

field but very ignorant, he guided and helped me a great deal, and
it is our own university that has taken up a leading role in this and
has also helped inspire an interest in me.

We also have, from the University of Maryland, Dr. Eugene Cronin,

whom I understood had a word he wanted to say and will submit a

written statement at a later date.

STATEMENT OF DR. L. EUGENE CRONIN, DIRECTOR, CHESAPEAKE
BIOLOGICAL LABORATORY, UNIVERSITY OE MARYLAND

Dr. Cronin. Thank you. Senator Pell. I will make this brief and
confine it to several specific points.

I am the director of the university's Chesapeake biological labora-

tory and of its natural resources institute, and I had the advantage

of spending about 15 months in Europe visiting marine laboratories

prior to last September. Most of my attention was directed toward
marine biology, although I had some opportunity to see activities in

other fields.

I did not have an opportimity to visit Russian activities, although

I talked with a nmnber of people who did.

I feel a very strong sense of urgency in our competitive position in

many of the fields that you have touched on in this bill. I think that

the Russians are providing a degree of application, of dedication, of

expenditure in marine science that may produce changes, perhaps un-

expected changes, as important as they have in other fields in science.

At the moment I would like to comment on two specific aspects of

the bill. One is the relation of the proposal to present State activities.

In 1964 I conduced a survey of the oceanographic work being done

by States. I have a siunmaiy of that information and it shows that

at least 25 of the States at that time were directly engaged and invest-

ing in oceanographic work. In at least 20 of those States a university

or college was designated by the Stat© and was conducting a program
in oceanogra])hy. I have the details of the activities at this time.

Very briefly, the States were spending about $7.5 million on
oceanographic

Senator Pell. Excuse me. If you are going to submit a statement

at a later date, why don't you merely summarize it now.

Dr. Cronin. Fine. The States were spending $7.5 million in re-

search in oceanography. They had about $20 million worth of facili-

ties and they had a staff of 831 people in related fields. There is a

substantial development—not all of it, of course—at universities.
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I would like to suggest, Senator, that the bill be considered with two
different emphases. One like the present emphasis and one some-
what different.

I would like to suggest that pattern of matching grants to non-
Federal contributions to colleges and universities in marine sciences,

matching the contribution that is now made in education, in research

and in extension and application of science. On the matching end,

the non-Federal end, I would like to see included their facilities,

their staff and their operating expenses. This draws on the great
strength of local participation, supplements it in the national interest,

the investment, and would provide a tremendous stimulus for growth
at many centers throughout the United States.

Along with this there must be a mechanism of screening for compe-
tence. This support should not encourage the development of
mediocrity.
As a separate portion of the program I would strongly endorse

the concept that seems to be in the present bill, that is, institutional

grants to selected colleges and universities which are now outstanding
or show promise of distinguished contribution in the development
and application of marine science. I would remind you, sir, that
the University of Rhode Island not very long ago was not a major
contributor to this field. It had a young, relatively modest program,
like many others. The spark was struck, tremendous energy went
into the system and it has grown to its present degree of promise.

Senator Pell. I would insert here your great tribute to its president.
Dr. Horn, and its dean, John Knauss.

Dr. Cronin. It must always be possible to detect there institutions

that show promise for the future and not simply reward those which
have already accomplished something in the field. Thank you.

Senator Pell. Thank you indeed. We look forward to your testi-

mony in the future. As would be expected amongst free thinking
professors and Americans, there is a considerable diversity of opinion.
I notice your views differ about 180 degrees from the previous witness
from Alabama. We will do our best to try and bring these various
views together and I hope that everybody will give a little in the final

support of the bill.

(The prepared statement of Dr. Cronin, subsequently supplied,
follows:)

Prepared Statement of Dr. L. Eugene Cronin, Director, Chesapeake Bio-
logical Laboratory and Natural Resources Institute, Uni\'ersity of
Maryland

The Sea Grant College and Program Act offers a vigorous and effective ap-
proach to problems of national importance. Maryland is reported to be the
oldest of the land-grant colleges, and I appreciate this opportunity to enter
into the discussion of the potentials of this nev^^ concept.

Recently I spent 15 months in Europe for the Office of Naval Research visit-

ing marine laboratories throughout most of the Continent. I did not visit those
behind the Iron Curtain except for Yugoslavia, but I had an opportunity to dis-
cuss development in the U.S.S.R. with a number of individuals and to review
the reports of the members of the exchange committee on ocoam^raphy who
visited Rusia in 19G4. I feel a deep and growing concern that the high in-

tensity of Russian application of marine science may surpass us in fisheries and
in many other fields of marine application to a point of permanent and irretriev-
able damage to our economy and our political stature. In fisheries, the Russians
may have already mounted an "oceanographic sputnik" in their massive research
program throughout the world and their great fleets of trawlers and associated
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factory ships and support vessels. For our own internal reasons and for these
external reasons, the urgency for effective progress toward achievement of the
ideas of Dean Spilhaus and Senator Pell is very great indeed.
Maryland's princii>al potential within the general field of the bill lies in acqui-

culture. The Chesapeake Bay has been extremely rich in the past and still con-
tains the potential for very high productivity, but its present yield is far below
those potentials. In these inshore waters, there are some of the best opportun-
ities in the world for careful culture of fish and especially of invertebrate animals
to achieve high quality, excellent volume, and economic efficiency. In these areas,

there is no serious problem of ownership of the yield because the State is the
owner of the aquatic area and of its resources and can assign clear title to in-

dividuals for efficient exploitation.
Maryland already has an active program in this field, with a marine biological

laboratory which is the oldest on the east coast and has been active since 1932.

It Is conducting extensive research programs in marine fisheries and added studies
in basic productivity, estuarine geology, economics of marketing and related
fields. In addition, the university has a seafood processing laboratory engaged
in developing improved techniques for the handling and distribution of fishery

products. At the present time, we are just initiating a new program of research
on the resources of the estuaries of the Atlantic coast, to seek new uses for the
animals and plants which are now caught and to explore the potentials of en-

tirely new commercial uses for other resources of the region.

It is most pertinent in the review of this bill to recognize that all of the coastal
States are already making substantial investment in oceanography and in the ap-
plication of science to the uses of the sea. These approaches are naturally con-

centrated on the inshore environment and on fisheries, but these, after all, offer

the greatest promise of immediate and visible achievement in improved utili-

zation of the sea.

In 1964, I canvassed all of the States that conduct programs in oceanography
and prepared a paper titled "State Programs in Oceanography, 1964." This was
a survey of the non-Federal acti^aties operated at that time by 25 coastal States.

All of them have substantial and continuing programs in oceanography and it

is especially pertinent to note that at least 20 of them involve a college or uni-

versity in these oceanographic efforts. Complete details are available for any-

one with more specific interests, but the summary figures may serve the purposes
of this hearing. In 1964. the States were investing about .$7.5 million a year in

oceanography. Of this investment, about $5.6 million was in research, $1 mil-

lion in teaching, $0.4 million in data processing, and $0.5 million in other activities.

The States possessed $20..3 million worth of capital facilities for oceanographic
work, including $15.3 million in buildings, $4.1 million in boats, and $0.9 million

in other special facilities.

Eight hundred and thirty-one people were employed by the States in these

programs, including 463 trained professionals. Of these trained individuals, 148
held a doctor's degree and 87 held a master of science or its equivalent.

The States were publishing at that time about 368 publications or reports a
year on related subjects and they had published nearly 4,000 papers on
oceanography.

This strength of activity which already exists suggests a possible pattern for

application of Federal funds to achieve rapid and effective improvement in the
application of science to marine production. I would like to suggest that the
National Sea Grant College and Program Act be amended to provide a dual
program of support for college and university work in oceanography.

1. The first portion of the program would provide matching funds for non-
Federal investment at colleges and universities in marine sciences. In my
opinion, these should include education, research, advisory services, and develop-

ment. The non-Federal contribution might be in the forms of facilities, staff

and operating expenses. I believe that the great and fundamental advantage
of local participation would best be gained by a 50-50 matching basis for this

program.
It is of utmost importance that a mechanism be created to screen this program

for competence. It should never be an open and unrestricted access to large

sums of money without demonstration of quality or a potential for achievement
of good quality.

2. The second portion of the bill would create a program of long-term insti-

tutional grants to selected colleges and universities which are now making
distinguished contributions or show promise of making unvisual contributions

to the effective development and application of marine sciences. This should
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permit establishment and development of a limited number of centers of excel-

lence. It should also be open ended and permit new institutions which emerge
with fresh ideas, vigor, and reasonable promise of achievement to join those
centers. This program should be under constant review so that support can be
withdrawn when institutions lose their competence and so that funds can be
provided for the centers which will develop in the future but are not yet visible.

Support should, however, be provided for sufficient period to allow stability.

I would recommend that at least 5-year commitments be entered into and 10 years
would be far stronger. In my opinion, this should not be dependent upon non-
Federal participation, although I feel that such participation adds greater
strength indeed. It should certainly be encouraged but its absence should not
preclude support to an appropriate institution.

Thank you again for the opportunity to comment on this imaginative program.
I am deeply convinced that a carefully designed pattern of sea grants to colleges

can increase American achievement in utilization of the oceans.

Senator Pell. It is my great pleasure to read into the record at

this time a letter from another colleague, Senator Hiram Fong, of
Hawaii, where he says

:

Dear Mr. Chairman : In response to my request for comment on S. 2439, the
proposed "National Sea Grant College and Program Act of 1965," President
Thomas H. Hamilton, of the University of Hawaii, sent me a statement in
support of the measure.

I am very pleased that the University of Hawaii wholeheartedly endorses
the concept and objectives of the sea grant college proposal.
The university's endorsement of S. 2439 buttresses the arguments advanced

in my statement filed separately with your subcommittee and urging speedy
and favorable action on the measure.

I respectfully request that Dr. Hamilton's statement and this letter of trans-
mittal be made a part of the hearing record on S. 2439.
With best regards and aloha, I am

Sincerely yours,
Hiram L. J'ong.

(The statement of Dr. Hamilton follows:)

Prepared Statement of Dr. Thomas H. Hamilton, President, University op
Hawaii

I. introduction

Though man has always been interested in the sea, this interest has become
sharply intensified in more recent years. The sea is becoming increasingly
important as a source of food and minerals. Improved knowledge about it is

vital to national defense. As we expand our exploitation of the resources
found in the ocean, we encounter a myriad of legal problems requiring study
and research. And since 70 percent of the surface of the earth is water, the
magnitude and importance of the great variety of scientific and legal problems
to be solved is formidable indeed.
The importance of the sea has long been recognized by the Federal Govern-

ment. Many of its agencies concern themselves with aspects of ocean environ-
ment. This is encouraging to scientists and others interestetl in these matters.
However, for those in universities which emphasize instruction and research
in oceanography and related disciplines, the scattering of governmental inter-

e.st among many agencies is often discouraging. The problems to be investi-

gated may cut across jurisdictional lines and, as a result, worthy research
may not find adequate support.

Bill S. 2439 provides a much-needed focal point within the Federal Govern-
ment by designating the National Science Foundation as such. And, by pro-
viding for the naming of certain universities as sea grant universities, enables
them, in turn, to get the kind of Federal attention and support so necessary to
the rapid and successful development of essential training, etlucational and
research programs, and advisory services.
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II. BENEFITS TO THE UNrV'ERSITY OF HAWAII

The University of Hawaii places much emphasis upon instruction and
researcli in oceanography and tlie marine sciences.

Tlie Department of Oceanography, created as a separate department just 2
years ago, has already assembled a fine staff and plans to enlarge it significantly.
Professors in this department are conducting important research in both biological
and physical oceanography.
Much of this research is being done in association with the Hawaii Institute

of Geophysics and the Hawaii Institute of Marine Biology. The former pro-
vides physical facilities on campus and a research vessel berthed at Kewalo
Basin. The latter operates a laboratory at Coconut Island—ideally situated
for this purpose. A new laboratory building is in the final stages of consti-uc-
tion there. Additional facilities will be available at Kewalo Basin upon com-
pletion of construction of a laboratory building there. It will be operated
by the Pacific Biomedical Research Center for research on marine animals.
Work in ocean engineering has been given added impetus through the estab-

lishment of a program for the M.S. degree in that subject and the acquisition of
the Look Oceanographic Engineer Laboratory, also located at Kewalo Basin.
Plans for the further development of the Kewalo Basin research complex

include continued close cooperation with the Bureau of Commercial Fisheries.
It already has an installation at Kewalo.
The university has requested land and pier facilities on Rainbow Island to

provide ship handling and technical facilities for a greatly expanded program in
physical oceanography. A sizable increase in activity is imminent since scientists
at the University of Hawaii will soon be undertaking a vast oceanography survey
of the Pacific Ocean.
There is no question that the University of Hawaii will be designated as a sea

grant university, should S. 2439 be passed. This would make it eligible to
receive funds to increase its research, training, and educational capability in
oceanography and marine sciences. Improved and expanded facilities, a larger
staff of scientists and support i>ersonnel can be anticipated. This would enhance
the attractiveness of Hawaii as a base for oceanographic activity. Coupled with
the great natural advantage of our marine setting, this would put the University
of Hawaii among the world leaders in this field.

III. BENEFITS FOB THE STATE OF HAWAII

Should the University of Hawaii become a sea grant university, the State
would derive direct immediate benefit in the forai of increased Federal expendi-
tures for research and training in Hawaii. This would result in more jobs
directly connected wth these programs. However, more important would be
the development of a core of research and development personnel as oceano-
graphic work in Hawaii is expanded. For example, instrument technicians,

mathematicians, and computer scientists would be attracted to Hawaii. They
would help to form the base so absolutely essential to the economic growth
of the State. Their presence would make the State attractive as a research
center. This would almost inevitably lead to an influx or local creation of

businesses directly concerned with research and development in a variety of

fields. Needless to say, such events would lead to an expansion of income and
job opportunities in industries serving the research and development firms and
their employees.
The research findings themselves and the training and education received

under the sea grant program could prove to be even more important to the State

than the effects noted above. Improved methods of fishing, the disovery of

important sources of crucial industrial materials, for example, and the devel-

opment of processes for getting them from the ocean might well lead to creation

of entirely new industries in Hawaii. They could bring about a rate of economic
growth far in excess of any imagined possible.

IV. BENEFITS FOR THE UNITED STATES

In addition to participating or sharing in the benefits directly assignable to

the State and university, the United States would gain from the growth of its

oceanographic research capability and from the acquisition of knowledge crucial

to national defense. For example, research encouraged by Federal support

through the sea grant program would no doubt add to the fund of information

about the acoustical properties and other features of the Pacific Ocean. The
more we know about these matters the more secure we can become.
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With the population of the world growing at a truly alarming rate, and with
relatively limited land areas suitable for producing essential nutrients, the sea
remains as a potentially important source of food. Advances in techniques for
exploiting even the known resources in the oceans of the world could eliminate
the possibility of a worldwide food shortage. The importance to the Nation
of obtaining the minerals in and under the sea requires no further emphasis
here. Research on these matters is a national necessity. Thus, a rapidly
accelerating increase in what we know about the sea and how to obtain what
we need from it may be literally essential to the survival of man.

Senator Pell. It is very nice to have support from all over the
United States because we have had quite ,a degree of geographic spread
in the testimony offered here in the last couple of days and in Khode
Island on Monday.
Tomorrow is the final day of these hearings. The record will be

kept open, as I said earlier, until May 12 for any additional or sup-
plemental statements.

The hearing is now recessed until tomorrow morning in this room
at 10 o'clock.

(Whereupon, at 11 :55 a.m. the subcommittee recessed to reconvene
at 10 a.m., Thursday, May 5, 1966.)
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THURSDAY, MAY 5, 1966

U.S. Senate,
Special Sltbcommittee on Sea Grant Colleges

OF THE Committee on Labor and Public Welfare,
Washington, D.C.

The special subcommittee met, pursuant to notice, in room 42f32, New
Senate Office Building, at 10 a.m., Senator Claiborne Pell presiding.

Present : Senator Pell.

Also present: Fitzhugh Green, special assistant to Senator Pell;

Stewart E. McClure, chief clerk; Eoy H. Millenson, minority clerk.

Senator Pell. The fourth and final day of hearings on the sea grant
college bill, the special subcommittee set up by Senator Hill, will re-

sume today.

Our first witness is Dr. James Wakelin, Jr., president of the Scien-
tific Engineering Institute of Waltham, Mass., and a gentleman with
a great deal of experience in this field in and out of government. Dr.
Wakelin.

STATEMENT OF DR. JAMES H. WAKELIN, JR., PRESIDENT, SCIEN-

TIFIC ENGINEERING INSTITUTE OF WALTHAM, MASS.

Senator Pell. I see you have a nice short statement here which is

always indeed a delight, and then we will exchange some ideas back
and forth. Do you want to read your statement ?

Mr. Waki<xin. Yes, sir. Thank you, Mr. Chairman.
My name is James H. Wakelin, Jr. I am president of the Scien-

tific Engineering Institute of Waltham, Mass.
If I may, I would like to read just this one page, Mr. Chairman and

expose myself to your questions or discussion.

Since the idea of a sea grant college was advanced by Dean Athel-
stan Spilhaus 2 years ago, there has been a ground swell of interest to

find the proper method to implement this most important concept.

S. 2439 clearly states the problem we face in our national oceano-
graphic effort witli regard to the training and education of scientists,

engmeers, and technicians in order that we can man our expanding
program in the oceans and Great Lakes. The need for training in this

field of many disciplines is critical to our ability to learn more about
the oceans, to explore the Continental Shelf and the deep ocean and
to make more economical use of the abundant resources of the world
ocean. It is significant that S. 2439 provides as well for support of
research in the marine sciences and scientific endeavors in technology,
engineering, and resource conservation and recovery.''''

233



234 SEA GRANT COLLEGES

We have long needed a legislative foundation to focus our attention

on and to give support for a program of education in the marine
sciences and teclmology for these academic institutions "who are pre-

pared to assume this vital task. Such a program is as important to

our national defense as it is to our requirements for the material use

of the ocean resources for ourown economy.
I am wholeheartedly in favor of the stated purposes of Senator

Pell's bill entitled "National Sea Grant Colleges and Program Act of
1965."' I support the proposed program for education, training, and
research in the marine sciences, the advisory services described in the

bill, and the method of funding through the National Science

Foundation.
Thank you, sir.

Senator Pell. Thank you very much. Dr. Wakelin.
I appreciate very much your statement of support, particularly from

a man with as much experience and as knowledgeable as you are in

this field.

There are a couple of questions I was interested in your views on.

One is the agency that you think might best administer this program.
The ideas advanced include the National Science Foundation, the

Smithsonian Institution, the Department of the Interior, and I was
wondering if you had any views on this.

Mr. Wakelin. I think, Mr. Chairman, this comes closer to the

stated purposes of the Foundation than to any other departmental or

agency of the Government right now.
Senator Pell. Do you think it might get lost there with the emphasis

on pure science, research, and once in tlie maw of the National Science

Foundation, it might lose its personality, or do you feel we could pre-

serve the personality of this program ?

Mr. Wakelin. I think this depends upon the leadership in the

Foundation for this particular program. I think there is a danger
that it might get lost in such a large eifort as that of the Foundation.
Senator Pell. Excuse me. Can you hear in the back of the room?
Thank you.

Mr. Wakelin. We have had some training programs also through
the Department of Health, Education, and Welfare under which this

might possibly come. In my own feeling, I think that if we recast

some of the purposes of the Foundation toward the support of train-

ing and scientific endeavors in the ocean science area, this program
would go very well in the Foundation.

I can think of a few governmental agencies at present that would be
proper homes for this kind of support, Mr. Chairman. Certainly the

Smithsonian is one. Health, Education, and Welfare is another. The
Foundation is another. And also various Departments such as Com-
merce and Interior. I think the Fomidation right now is the best

avenue that I can think of.

Senator Pell. As with all progi"ams and all things in life, I gather
what you are saying is that it can be no better than the man chosen
to run it ? ,

Mr. Wakelin. That is correct, sir.

Senator Pell. And I w^onder if one way, though, of keeping its

personality might be to create a little public board to report to the

Congress every year or every 2 years.
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Mr. Wakelin. Specific to this program.
Senator Pell. Specifically with regard to this program.
Mr, Wakelin". Yes. I think this \Yould be a \^ery fine idea and

through this mechanism one would have better guidance and a better

feeling of responsibility for this particular area in the Foundation.
Senator Pell. This idea emerged in a luncheon some of us had with

witnesses yesterday and this thought came up.

Another question is with regard to the cost of the program.
Do you have any idea as to what would seem the appropriate amount

for a seed program of this type to get it started for the first and second
year ?

Mr. Wakelin. I have looked over the material you sent me, Mr.
Chairman and there are various opinions expressed in these documents,
particularly in the symposium that was held in the University of

Rhode Island on the sea grant college concept. I would say myself
that if one were to use the moneys that are accumulated from the lease

of offshore lands of the order of a percentage of $175 million or $200
million, that certainly a sum of the order of $15 million to $20 million,

or 10 percent of that figure would be an excellent start for the program.
I would like to have a feeling, probably better than the one I have

now, with respect to how many candidate universities throughout the

land would be in line for such support. If there were of the order
of one per State, it would be a program of the order of $300,000 per
university or per academic institution.

Senator Pell. This brings up another thought that also emerged
from some discussions yesterday and that is to work out the balance
between a little encouragement to each State and real support at centers

of excellence. We adopted this approach in the Arts and Humanities
legislation which was also reported out of this committee, and for

which I also had the honor of being the chairman of the subcommittee.
Our arrangement was that a portion of the funds would be allocated

on an equal basis to all 50 States and the other portion would be allo-

cated on the selective basis, on a merit grant basis.

And that would mean maybe $5 million available for distribution
among all of the individual States to get a little program going, and
then the other $10 million to be allocated to a small number of the
universities who are doing more in the field.

Does that make sense to^ you ?

Mr. Wakelin. Yes.

I think also there was another idea that we have been discussing

just now and that is the question of interest in the program shown by
academic and research institutions by way of what they would offer

as an inducement for further funding, such as the matching principle.

Senator Pell. Yes.
Mr. Wakelin. I would hope, in answer to your first question, that

broader support throughout the academic institutions by the Federal
Government could be offered on an equal State basis as an incentive to

building up departments of excellence in this field, but that also those
institutions that are already in being, and that have a research and a
teclmological base already working, would also have a chance to ex-
pand their efforts beyond that on a pro rata basis to each State.

Put I would also think that in return to engender State interest and
become, perhaps, more of a partner in the oceanographic program, in
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the United States, in the States, that it might be well to consider also

the question of matching funds on some kind of a percentage basis of

national funding, Federal funding.
Senator Pell. This is what we are turning over in our minds.
Do you think this matching provision should be in the little bits of

seed money that would go to each State, or on a merit grant basis to a
few institutions, or to both ?

Wliat would be your view from your experience ?

Mr. Wakelin, I am wondering about—in answer to your question

—

if I can think a bit out loud, Mr. Chairman, I am wondering about
those institutions who have at present no capability in this field and
perhaps don't have an interest in it right now. What would they do
with the money that would be given to them on a pro rata basis?

Senator Pell. They would not receive this money unless they had
asked for it, met certain requirements, and showed an intent to develop
an interest and a curriculum in oceanology, particularly in the prac-
tical aspects of it or marine engineering.

Mr. Wakelin. I would think the question of matching funds, then,

with regard to the two kinds of funding you proposed, would be better

on a pro rata basis because I think that you want to engender interest

in the universities and build up departments in the universities that

are not now strong in this area. And I think on a matching fmid basis

this is an inducement to them to get into the field.

Now, if you consider matching funds in the special categories of
already existing institutions, you are going to those institutions with
particular jobs in mind which I think has less of a meaning in the
maching principle than it does on a pro rata basis.

For example, if I were going to one institution that we could name in

the New England area, I would go there for a particular purpose and
I wouldn't want them to feel that I was going there with the idea that
they had to match on a pro rata basis what I had given them for
specific research or a specific training job.

Senator Pell. So, in your view, the emphasis of the matching pro-
vision should be on the money that is evenly divided amongst the
States ?

Mr. Wakelin. I think so.

Senator Pell. Would you also want a matching provision in the
centers of excellence approach or not ?

Mr. Wakelin. I wouldn't want this as a restriction for the kind of
work I believe you would want to put at those institutions of current
excellence.

Senator Pell. Right.
One final question, and this, again, concerns the practical aspects of

the bill. The thought developed that we might call for the develop-
ment of the equivalent of the county agricultural agents and call them
Marine Extension Agents, and that colleges particpating in this pro-
gram take on a responsibility to have two or three practical horny-
handed fellows who would be able to help in the same way that an
agricultural agent, a county agent, would.
Does this make sense to you ?

Mr. Wakelin. Yes ; it does.

Senator Pell. It did .to us.

,
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Mr. Wakelin, You make provision for that, Mr. Chairman, I think
in the bill that is already under consideration.

Senator Pell. That is right, but we thought we might spell it out
a little more. The term we thought of using was Marine Extension
Agent. Does that seem a good one to you ?

Mr. Wakelin. Yes, sir.

If I might return just to one point for about 30 seconds, with re-

gard to the magnitude of the fimding, one doesn't always know in the
next 25 years what $1 is going to buy, and can there be a provision

—

can you foresee a program growing from $15 or $20 million at the cur-

rent value of the dollar in buying power, to $45 or $50 million at some
other period in our growth, where $15 or $20 million would be an in-

significant contribution at that time?
Senator Pell. All figures are completely relative and on the basis

of the year or two for which they are provided.
I think if we look 10 years ahead, we are going to have to see how

this bill works itself out, what, as you say, the dollar is worth. It may
be a great deal more, a great deal less, and what the interest is in the
Congress in it, because without an interest here, it would be more diffi-

cult to get it through. One just doesn't know how it will develop.
Mr. Wakelin. I think a percentage of the return to the Federal

Government of lease of offshore lands, at least solves part of this pro-
gram even though you don't earmark that amount of money out of
that particular fund.

Senator Pell. It is a fortuitous relationship there.

Mr. Wakelin. Yes, sir.

Senator Pell. Thank you very much. Dr. Wakelin.
Mr. Wakelin. Thank you, sir.

Senator Pell. Our next witness is Dr. Victor Basiiik, whom I wel-
come. At one point wlien I was taking naval correspondence courses
and had pretty well run out of courses, I took one under his direction
which I remember was one of the most complicated courses I ever took
and successfully passed.

I welcome you here,

STATEMENT OF DR. VICTOR BASIUK, ASSOCIATE PROFESSOR OF
POLITICAL SCIENCE, CASE INSTITUTE OF TECHNOLOaY, CLEVE-
LAND, OHIO

Dr. Basiuk. My name is Victor Basiuk. I ma an associate profes-
sor of political science in the graduate program on science, technology,
and public policy. Case Institute of Technology, and a research asso-
ciate, Institute of War and Peace Studies, Columbia University.

I am also a consultant on the Naval Long-Range Objectives Group,
Office of the Chief of Naval Operations, Navy Department. The
views expressed in this statement, however, are my own and do not
necessarily represent those of the institutions with which I am
affiliated.

As my positions indicate, I am a political scientist and not an ocean-
ographer. However, witliin my field I have had a longstanding in-

terest in the impact of science and technology on national and inter-
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national power and in public policj^ as it relates to science and tech-

nology. At present, I am completing a book, entitled "Technological

Change and the Balance of Power, 1870." Besides analyzing techno-

logical trends as they have aft'ected the distribution of international

power in the past, this study attempts to project these trends into the

future, and to explore their implications for American policy, both

national and international.

Marme sciences and technologies have occupied a prominent place

in my professional interest in the impact of science and technology

on modem societies. In the late 1950's, I spent 3 years on the faculty

of the Naval War College, where, inevitably, the role of seapower

—

to use the term in a broad sense, which is not confined t,o its strictly

military meaning—was a central consideration in my work. The re-

search on my book and my consultanship to the Navy Department
further sharpened my focus on the potential of marine sciences and
technologies. In general, I believe that they present the most promis-

ing single frontier for the development of America's power and vital-

ity in the future.

Before I address myself specifically to S. 2439, I would like to say

a few words on why I consider the oceans and exploitation of their po-

tential through marine sciences and technologies of great importance

to this Nation. I hope this will clarifj^ my views on the proposed

legislation and will help to explain the amendments which I would
like to suggest.

A convenient way of examining the promise of the oceans' poten-

tial is to place it in a historical perspective. When viewed in this

light, there is nothing novel in the oceans providing a principal means
to a nation's power and vitality. During most of the 19th century.

Great Britain dominated world politics through seapower—and here

again I am using this term in both its military and nonmilitary mean-
ing. In that period, the ship was the only truly effective mstrument
of mobility. By capitalizing on the development of her navy and mer-

chant marine. Great Britain achieved two things: Militarily, she was
capable of projecting her armed forces to any point on the globe and

of achieving a local victory before the landpower concerned was capa-

ble of mobilizing its own military might to repulse the enemy. Eco-

nomically, the British possessed a decisive commercial advantage inas-

much as, in those days, the merchant marine was by far the most

significant instrument of trade.

The most important single reason for the decline of Britain's pre-

dominant position in the world was the development of overland trans-

portation, which deprived Great Britain of her special advantage in

mobility. The principal technological instruments in this regard

were the steam railroad and, later, the automobile. Armed with new
mobility, land powers were now capable of mobilizing their resources

and throwing them into the battle within weeks, if not days, and could

thus repulse the limited sea-transported forces of Great Britain.
^

Even more significantly, overland transportation possessed a major

economic advantage in developing resources located in hinterland areas

hitherto inaccessible to effective exploitation. When a merchant ship

sails between London and New York, she exchanges commodities be-

tween these two cities and contributes to their and their environs' eco-

nomic growth. On the other hand, when a train moves between New
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York and San Francisco, it not only contributes to the economic de-

velopment of the two widely separated terminals, but it develops re-

sources and contributes to economic growth of scores of localities along

the way. In short, despite of its relative cheapness, sea transporta-

tion could not be as effective as overland transport in the development
of economic centers, since most recognized natural resources were found
on land, while the oceans served principally as transportation routes.

At present, we appear to be on a threshold of a major historical de-

velopment which endows the oceans with new significance. Because
of growing shortages of natural resources on land and because of de-

veloping marine sciences and technologies, the oceans are being
changed from mere routes of transportation to increasingly significant

sources of raw materials and foodstuffs.

Aside from resource benefits, scientific and technological mastery
of the oceans carries promise for major advances in activities which
will benefit national economies on land. For example, reliable weather
forecasting—which involves a study of the interaction between the

oceans and the atmosphere—would make advance planning possible

and thus effect large savings and increased productivity in both in-

dustry and agriculture.

While an ascendancy of seapower comparable to that of Great
Britain in the 19th century is no longer a realistic possibility, these

developments do open new and vast opportunities to ocean-oriented
nations. However, the requisite technologies have not yet been ade-
quately developed and they will require a strong scientific and indus-
trial foundation for their development. The United States possesses

such a foundation to a degree unmatched by any other nation and she
is also unusually favorably situated with respect to the oceans. By
taking farsighted and timely measures with respect to the potential of
the oceans, this Nation can assure that its strength and vitality, both
national and international, are significantly enhanced for many gen-
erations to come.

It is precisely in this light that the value of Senator Pell's bill is to
be considered. It addresses itself to a key problem within the area
of exploiting the oceans' potential; viz, the education and training of
manpower and the promotion of research and development. Without
these, our ability to take advantage of the new opportunities will be
seriously impaired.
There are two things, however, which, I feel, should receive an ex-

plicit recognition in the bill : (1) the need for training personnel and
pursuing research in the social implications of marine science and tech-
nologies; (2) the necessity of considering the utilization of the poten-
tial of the oceans not only from the point of view of the American
economy, but from a broader point of view which includes the needs
of our foreign policy and defense. I shall elaborate on these points.
As I indicated previously, the present interest in the oceans' poten-

tial is, essentially, caused by a combination of two things: the emer-
gence of new technologies wliich enable us to exploit the vast resources
of the oceans, and the social needs, mainly for natural resources and
foodstuffs, wliich induce mankind to look toward the oceans to solve its

piol)lenis. I^nlike the exploration of outer space, whose direct impact
on sof-ieties has been so far relatively limited—and, on tlie economic
level, it is likely to remain so—the exploitation of the potential of the
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oceans will affect societies most directly and on a multiplicity of levels,

beginning with the daily lives of average citizens, their food, standard

of living, location and type of employment, and ending with such

problems as territorial expansion of nations into the oceans, and
atmospheric control as a means of international pressure. vSocial

scientists—including students of domestic politics, sociologists, special-

ists in international relations, militarj^ strategists, and economists

—

will need training in potential implications of marine sciences and
technologies. Extensive research will have to be conducted to deter-

mine, as precisely as possible, the present and future social needs,

including economic, political, and military, and the extent to which
marine science and technologies can meet these needs.

Similarly, oceanographers and related scientists will require broader

training in social problems so that they can appreciate tliese problems

better and direct their research tovrard those goals w^hich are socially

most meaningful.
The need for this kind of education and research should be specifi-

cally recognized in the bill. If we approach the problem of exploiting

the potential of the oceans only from the point of view of scientific and
technological capabilities and fail to subject them to a careful scrutiny

and control from the point of view of social needs and implications, we
are likely to open a Pandora's box of waste in resources and efforts,

overlapping of institutions and programs, and potential international

tension and conflict. A balanced approach which would carefully

integrate technological capabilities and social considerations should

provide us with a sense of direction and should enable us to control

our future as a nation.

My second point—the necessity of considering the exploitation of

the oceans' potential not only from the point of view of the American
economy, but also from that of our foreign policy and defense—was, in

part, discussed in ni}^ earlier remarks on the contribution of the oceans

to national power and vitality. Here I want to elaborate on some
aspects directly relevant to the legislation on hand.
By reaching out for resources from the oceans—and they lie pre-

ponderantly outside of the territory of the ITnited States—we auto-

matically move into the area where foreign policy and military con-

siderations prevail. To avoid conflict among the three basic interests

involved—the economic, foreign policy, and military—a keen apprecia-

tion of the areas of their interdependence and potential mutual support

is necessary. Training of personnel and research for this purpose will

be needed. Appropriate progi'ams at selected sea grant colleges could

and should fulfill this need.

There is one particularly weighty reason why the interests of the

American economy with respect to the oceans cannot afford to be dis-

associtaed from those of foreign policy and defense. No doubt, there

are distinct benefits which the exploitation of the potential of the

oceans can provide to the U.S. economy now^ and in the near future,

if proper technologies are developed. However, America's needs for

raw materials and other resources from the oceans are by far not as

great as those of some other countries, since the United States is rea-

sonably well endowed w^ith natural resources or has access to them.

Resources from the oceans will have to meet the competition of alterna-

tive sources of supply and, in the case of the United States, that com-
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petition will be stiff. For example, one of the most promising re-

sources of the oceans is food, but the United States has a surplus of

this commodity. However, we are at present committed to spend-

ing about $3 billion in foreign aid annually, and oceanic R. & D., de-

signed to meet the needs of the underdeveloped countries (particular

for food) , or of other countries deficient in certain resources, may sig-

nificantly cut our foreign aid without decreasing its effectiveness. In
the years to come, as our population grows and as the availability of

competing land-based resources diminishes, we shall be able to utilize

these technologies with full advantage to our own economy.
The potential utility of oceanology to our foreign policy is not

limited to the problem of underdeveloped countries and foreign aid.

Exploitation of the resources of the ocean opens broad opportunities

in the area of international cooperation, with a considerable poten-

tial for political payoff. Let me emphasize at this point that I do not
believe, as some people do, that the rapid growth of science and tech-

nology—which does not seem to recognize political frontiers—in itself

provides an overpowering reason for w^orldwide international coopera-

tion. Vfe have seen too many instances of political and strategic con-

siderations override what is frequently claimed to be scientific and
technological imperatives for international cooperation. It seems fu-

tile to me to expect a millennium of international brotherhood in re-

sponse to scientific and technological developments. On the other
hand, we shall render a disservice to ourselves as a nation if we fail

to recognize that, if political and otlier factors are favorable, scientific

and technological cooperation can serve as an effective instrument of
foreign policy in achieving a politically desirable degree of interna-

tional solidarity or cohesiveness.

One example in this respect can be provided by the case of the
Western nations bordering on the Atlantic Ocean. The idea of an
Atlantic Community is not new ; for economic, cultural, and political

reasons it is gaining in the number of its adherents. The Western
European nations are deficient in a number of natural resources—con-
siderably more so than the United States—and an effective exploitation
of the potential of the Atlantic and of its adjacent seas would present
them with an attractive opportunity to remedy this deficiency. A
cooperative program under American leadership may not only
significantly speed up the exploitation of the oceans as an economic
proposition, but may also provide just the right kind of cement to make
the Atlantic Community a politically viable entity if we decide that
this is a desirable goal of our foreign policy.

My next example of using oceanolog;^^ as an instrument of foreign
policy may appear somewhat farfetched, but, if we look far enough
into the future, it may well prove to be realistic. I am referring to

the possibility of cooperation with the Soviet Union in oceanogi-aphic
programs. To be sure, at present we are competing with the U.S.S.R.
in oceanography as well as in other areas, and our rivalry is likely

to continue for some time. However, as the Sino-Soviet rift progres.ses

and the pressure of the rising Red China increases, the Soviet Union
may well desire a closer relationship with the United States. While,
for ideological and other reasons, an early political cooperation may
not be acceptable to the Soviet I^nion, a joint participation in certain

kinds of oceanographic undertakings may prove to be feasible as a
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first step—probably more acceptable than a cooperation in outer space,

since the latter is more sensitive militarily and provides narrower
opi)ortunities for human contact.

On our part, we may be favorably inclined to such cooperation for the
same reason as the Soviets, i.e., as a potential counterbalance against

Communist China. Also, if properly designed, our cooperation with
the U.S.S.E,. in oceanography may serve as an additional instrument
of what George Kennan called the mellowing of the Soviet society.

In the examples which I suggested, political goals and political pay-
offs would play a significant role, and if this is recognized by our
policymaking institutions and supported proportionately to the pro-

grams' political value, then many of the economic constraints in the

development of oceanology will be removed considerably sooner than
would be the case otherwise. Similarly, our civilian oceanic R. & D.
can proceed much further and much faster if the interests of the U.S.
Navy are considered and naval cooperation is obtained. The mining
of the ocean bottom can provide our submarines with stations and
sources of supply. Nonmilitary presence in the oceans can provide

the IS'avy with navigational assistance, information, and can deny
footholds to a potential enemy.
In sum, an effective and rapid exploitation of the potential of the

oceans can be brought about if we view the problem not only from
the point of view of the domestic needs of our economy at this time, but

if we integrate the present and future needs of our economy with the

needs of our foreign policy and defense. Again, continuous research

and personnel trained in this interdisciplinary function of integrating

various interests of our society will be needed, and centers for this

purpose should be developed in selected sea grant universities.

In view of these considerations, I would like to suggest the follow-

ing amendments to S. 2439

:

(1) Section 2, subsection (c), last line: the words "in the world"
should be deleted and the following should be inserted : "as the leader

of tlie free world." This would give a hint of policy orientation with

respect to foreign affairs.

(2) Section 2, subsection (d), paragraph (1) : at the end of para-

graph (1) should be added "and in their social implications, both do-

mestic and international."

(3) Section 3, subsection (a), with respect to the new clause (10)

of the NSF Act of 1950, after the words "and research in the marine
sciences," I suggest the following insert: "and in their social impli-

cations."

I believe that with these modifications, S. 2439 will be better equipped
to meet the need of this Nation with respect to the potential of the

oceans.

Thank you, Mr. Chairman.
Senator Pell. Thank you very much, Dr. Basiuk.
Actually, the thoughts that you have advanced have great interest.

I think they would change the purpose of the bill, though, because
this is not in any way a cold war bill or national strategy bill. This is

a basic learning bill. And I think if we adopted your suggested
amendments, it would change somewhat the cast of the bill. But you
may be sure that these amendments will be considered and they are

in the record.

I particularly appreciate the way you gave us specific language
which is always a great help, and I thank you for your statement.
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Dr. Basiuk. Actually, I did not mean to make this bill a cold war
bill. It is just a matter of providing for the education and training

which would include some considerations of our foreign policy. It

doesn't have to be—we do not have to make this a battleground of any-
thing, but, I believe, these considerations have to be included in order
to strengthen the effectiveness of the bill.

Senator Pell. I understand, and I fully understand the strength of
your views and, as I said earlier, I know of your own background as a
professor at the Naval War College and I appreciate what you are

saying. The thrust of the bill, though, is more, as I said earlier, to
increase our number of fishermen and miners and maybe make seaweed
of greater use to the manufacturers and farmers of the country, and
things of that sort.

I thank you very much, Dr. Basiuk, for coming, and I wish you
well.

Dr. Basiuk. Thank you, Mr. Chairman.
Senator Pell. Our next witness is Dr. Idyll, chairman of the Fish-

eries Division of the Institute of Marine Science, University of Miami.
Welcome, and proceed as you will.

I have your statement here which I also notice is a certain length
but you proceed as you will.

STATEMENT OF DR. C. P. IDYLL, CHAIUMAN, FISHERIES DIVISION,

INSTITUTE OF MARINE SCIENCE, UNIVERSITY OF MIAMI,
MIAMI, FLA.

Dr. Idyll. Thank you, Mr. Chairman.
If you will permit me, I will offer the mimeographed statement for

the record, and depart a little from the written statement to emphasize
some of the important points.

Senator Pell. I would welcome that approach and I believe also it

would serve the interests of the committee best if we get the benefit of
the distillate of your wisdom in the paper, and then get the emphasis
that you give it verbally.

Your statement will be put in the record.

Dr. Idyll. In the first place, Mr. Chairman, I find tliis a most
exciting concept. My specialization is in the applied aspects of ocean-
ography. As Chairman of the Fisheries Division of the Institute of
Marine Science, my research and that of my staff' has been directed

toward the application of basic research for the benefit of the com-
mmiity in the way of producing more food and more of the other

materials from the sea.

It seems to me that the U.S. science community has failed to derive

the benefits from the magnificient research that the pure scientists

have produced. I have felt a sense of frustration over many yeai's in

attempting to do exactly what your bill proposes and I want to say
more about this frustration later because I tliink it bears very heavily

on the problem. The bill is most timely and necessary, in pointing out
that tills country requires to take the researcli of the basic ocean-

ograpliers and make it into sometliing that will benefit this country
and, in fact, the wliole world.

One of the questions that has been raised several times and is still a
point of issue is who should administer this program.
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The administration mnst be ^Yitll an agency whose ideas are in
concordance with you bill. I am a great admirer of the National
Science Foundation and I think that the money the United States has
put into the National Science Foundation lias returned immense bene-
fits. But unless the charter of the National Science Foundation is

greatly altered, this is not the place to put the administration of
this bill.

Senator Pell. To interrupt, Doctor, the National Science Founda-
tion's point is that if this bill was passed and they were given this re-

sponsibility, that in itself would alter their terms of reference.
Dr. Idyll. Of course. But the frustration I mentioned earlier,

one of long standing, is that when institutions like my own put in re-

search projects which are of an applied nature, or in fact if the or-

ganism on which it is proposed to work is one of economic importance,
the National Science Foundation very properly, under its charter,
says that they cannot support it. Unless this is changed—and as you
say, in your bill it would be changed—the National Science Founda-
tion cannot handle the sea grant colleges.

Furthermore, however, even though the bill provides for a change
in the charter, I think the philosophy of the National Science Foun-
dation must also be changed. In talking to some of the National
Science Foundation people I find that they, in fact, do recognize this

weakness, and I think that philosophy of the organization could be
changed. But under the present terms of their charter, the National
Science Foundation is not the place for it.

In my printed testimony, I have suggested the Department of the
Interior. I also have tremendous admiration for the people who
operate the Department of the Interior. I think they are some of the
most dedicated j^ublic servants in the Government. I think their

philosophy is of the kind that I think is required in this kind of bill.

At the present time I favor putting it in the Department of the In-
erior because this is their function. Their terms of reference are to

translate the research on the ocean into the production of more food
and more consumables, more energy, and so on.

However, it is unimportant whether it is put in the Department of
the Interior or the National Science Foundation provided the phil-

osophy behind your bill is well recognized by the people who admin-
ister the funds. "Wliat you said earlier, of course, applies to all human
endeavors: It is not the system, it is who runs it; it is a question of
background, of philosophy; it is a question of attitude.

The next point that I would like to discuss is how many institutions

and what kind of institutions should become sea grant colleges. It

would be a great pity if the money were divided evenly among 50
States or even half that many States, because its impact would be
completely lost. It will require considerable amounts of money for an
effective sea grant college.

This is not to say that there should be no support whatsoever for
universities who are not now engaged in this work or are engaged in

it in a small way. I think the idea of dividing the money into two parts
where there would be some institutions with large grants to implement
and expand present oceanographic programs in a useful way would
be very helpful. At the same time, if money were to be given to in-

stitutions which have a small program, or which would like to have a
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small program, I think this would be most useful, too. But it would
be disastrous to the program so to weaken the first part of it by the

second that we do not have massive programs to support large sea

grant colleges. The idea of a critical mass is most important here:

There must be a minimum size of institution to produce the kind of

practical results that you envision.

Senator Pell. The thought that what we were developing was not

exclusive. The thought was that maybe a third of the funds would be

allocated on the seed money, matching grant basis, on application and
the two-thirds would be on the merit grant basis. There are a variety

of reasons why this would be good, one of them being the encourage-
ment of the diversification of interest throughout the country in

oceanology amongst the younger people of our Nation, and the other

is also from the viewpoint of securing perhaps broader national sup-

port for the bill.

Dr. Idyll. I think this is a very good idea, sir. My prejudice
naturally is toward the large oceanographic institutions because I

represent one. However, if I worked for a small college and wanted
to get into oceanography, I would certainly feel this would be worth
while, and as a citizen of the United States, apart from my prejudice,

I think this would be a good idea.

Senator Pell. I recognize the extreme merit of your own insti-

tution. In fact, we in Rhode Island think on the Atlantic seaboard
it is second only to ours. [Laugliter.]

Dr. Idyll. Tliat is very kind of you, sir. We have a slightly dif-

ferent ranking, but we won't pursue that.

The matter of matching funds is most important to us, Mr. Chair-
man. I represent a private university. If it were required that a-

certain proportion of matching dollars be put into the program, we
would not be able to be a sea grant college.

It seems to me that there are two reasons for suggesting matching
funds, in tlie first place, they would increase the amount of money
and therefore the effectiveness of the program. If they doubled the
amount of money, they presumably would double the effectiveness.

Clearl}^ more money for research is highly desirable.

The other reason for matching funds is to have an institution show
its serious intent. If a school is not willing to put up something to
make this program go, perhaps it does not deserve to have money from
another source.

There is a parallel in our foreign aid program. The foreign aid of
the United States would have been much more effective if we had
asked for matching funds some way, perhaps not dollar for dollar
or even fractions of dollars for dollars, but some kind of commitment.
My view, Mr. Chairman, is that a matching commitment—and let's

not call it funds because again the University of Miami has no way
of providing matching funds—but a matching commitment seems to
me highly desirable so that there is an increase in the effectiveness
of research by providing facilities, vessels, laboratories, graduate stu-

dents and researchers, and that serious intent is shown by providing
those things.

Senator Pell. Thank you.
Dr. Idyll. State universities can provide matching funds. They

go to the legislature and they say, "Uncle Sam is going to provide so
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much, "\\niat you are required to do is provide so and so, and we will get
twice as much."
The University of Miami has no v:ay of doing that, but our com-

mitment is deep in oceanography as you are well aware. We would
have no reason for quarreling with the idea of matching commit-
ments, and this we can provide.

Xext, I think that the money must be provided in a way that sup-
ports institutional grants/programs. The money ought not to be
provided for individual projects. An institution must show by an
application to the administering agency that it has, first, the interest;

second, the capability ; and third, a program that makes sense in terms
of this sea grant college concept. The universities and institvitions

who get the support for this ought to be able to show all three of these.

A program should be developed so that whoever engages in it shows
that they have the understanding of the program and are willing to

do research which will in fact interpret the basic oceanography into

applications in the way of producing food, minerals, and energy, and
will solve some of the vexing legal, social, and political problems
that face us in the exploitation of the ocean. "We are long past the
time when we can limit ourselves only to a description of the ocean
in biological and physical terms. We are now confronted with legal,

social and economic problems that are vexing indeed, and this country
is in danger of losing many things of value because the other nations

have realized this, and we have not. Institutions that are supported
in this program must be those that understand the wide-ranging prob-
lem that faces us and can produce programs that make sense and show
the capability of solving them. Therefore, support must be for broad
programs on the institutional basis. The ideas must come from the

institution, the administering agency must have control over what
type of program, but it must leave it to the institution itself as to how
it carries this out.

Senator Pell. Thank you.

Dr. Idyll. In conclusion, Mr. Chairman, Avliether or not your bill

goes through, this sort of thing is going to be done. It must be done;
it is a basic necessity for the country.

In fact, as you are perfectly well aware, it is being done at the insti-

tution in our own State, at our institution, and at others.

If I may be permitted, let me briefly summarize our activities. The
University of Miami has been committed to oceanic research since 1943

when the Institute of Marine Science (called the Marine Laboratory
at that time) was established. It was understood that the ocean was an
area which required research and which had been neglected.

Since 1943 we have grown to a size where our physical plant is

worth several million dollars, where we have two major oceanographic

vessels and a score of small vessels, where we have between 175 and 200

professional oceanographers on our staff, where we have 109 graduate

students at present count, where we have several millions of dollars of

on-going oceanographic research.

The weakness in our proerram is that we have great difficulty in

funding applied research. The reason we have is that the philosophy
of the Federal Government has been opposed to this. One of the

earlier speaker said that a reason for this is that the United States does

not need the materials that come from tlie ocean.
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At the present time, this is true to a large extent, but it is not going
to be true in the future and unless we realize that some day we are going
to need what the sea provides, and start iindino^ out how to o:et it, we are

m trouble.

At the University of Miami, we are committed to other aspects of
ocean exploitation in addition to the physical and biological aspects.

"We have a law school where one of our faculty members is deeply inter-

ested in marine law. We have a strong and active ocean engineering
program. It is the first ocean engineering training offering master's
and Ph. D. degrees.

At Miami we understand that the ocean has to be aj:»proached from
a multiple point of view. ^Vliether your bill passes or not, we are going
to do the things it urges. The advantage of your bill is that it requires

the Federal Government to recognize the necessity of doing them and
it makes it possible to accelerate this work.

I am very much in favor of your bill and I congratulate you on your
foresight in presenting it.

Thank you.
Senator Pell. Thank you very much indeed. I think you have

covered in your oral testimony your viewpoints on the different ques-

tions that are being exposed for ascertaining the views of our witnesses.

I thank you very much coming here.

(The prepared statement of Dr. Idyll follows :)

Prepared Statement of Clarence P. Idyll, Professor of Marine Biology,
Institute of Marine Science, University of Miami

I am Clarence P. Idyll, professor of marine biology, Institute of Marine Science,
University of Miami. I have been engaged in marine science, with specialization
in fishery science for approximately the last 30 years. During the last IS years
I have been engaged in conducting research in marine fishereis and in the training
of marine fishery scientists at the University of Miami.

I wholeheartedly supi>ort S. 2439, the National Sea Grant College and Program
Act of 196.5. This bill is extremely timely, and its enactment would fill a void
which exists in the scientific program of the LTnited States, one which must be
filled if our Nation is to make full use of the enormous potential which exists in
the materials and energy which can be derived from the sea, and if it is to escape
the military consequences of imperfect knowledge of the processes of the ocean.
The time has come for something new in oceanography, and the implementation

of S. 2439 would be an excellent start in achieving this new api>roach. The new
concept is that we must begin to apply the excellent oceanographic research that
has been done in the past. There now exists a dangerous gap between pure
science in the United States and the application of this for the good of society.

Scientific advances and their eventual application for the benefit of mankind
all follow much the same pattern. (1) The sequence starts with the curiosity of
some scientist about a particular natural phenomenon. This phenomenon may
involve the growth of plants, the number of animals in a particular population,
the structure of rocks in the mountain range or any of a million other matters.
(2) Whatever it is, the next step is a description of the phenomenon. A genera-
tion or two ago nearly all of natural science stopped with the description. (3)
Now however, the next phase is much more commonly pursued ; namely, the
understanding of the processes which underlie the phenomenon. Since these
processes are usually a combination of biological, chemical, and physical changes,
science has become increasingly interdisciplinary and increasingly complex. In
addition, mathematics are usually required to describe the proceses which have
taken place. Thus, science, which once could be carried on successfully by rela-

tively untrained amateurs, now retiuires highly trained specialists.

Up to now we have described what is sometimes called pure science, that is,

observations and investigati(»ns of natural phenomenon which are conducted for
no other purpose than to satisfy the curiosity of the scientist involved. No apol-
ogy needs to be made for this. The intellectual satisfaction of man's divine curi-
osity is sufficient justification for the lifetime activities of many scientists.
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But in a great many cases scientific findings can be put to good use by mankind,

to feed or clothe liim ; to satisfy any of a variety of neetls ; in general to make
his life more pleasant and productive. If this is possible it appears to be highly

desirable if not mandatory tliat science takes the next step in the sequence. This

step is to conduct the applied research which translates the findings of pure

science into more food, more minerals, more energy, more of all the things that

mankind requires. Finally, the results of this applied technology must be demon-

strated to the industrial community so that it is adopted by them. This means
that the community must be made aware of developments and of their potential.

In the United States the sequence of events in oceanographic research has usu-

ally stopped at phase three, an understanding of the natural processes. We should

now begin much more actively to advance to stage four, the translation of scien-

tific findings into applications for use by mankind.
Undoubtedly one of the compelling reasons why our country has not usually

advanced from theoretical oceanography into applied oceanography is that very

little need exists here for additional food or minerals or many of the other things

which the sea can provide. But others have felt a sharp need for these resources,

and the consequence is that some of the other countries of the world have ad-

vanced enormously in applying oceanographic knowledge to the welfare of their

nations. For example, some of us think that Russia and Japan have advanced
so far in applied oceanography as to pose a serious threat to the United States.

And even if we do not need what the sea can provide us. in our condition of rela-

tive plenty, this situation will not prevail forever. Someday—and it may be

sooner than we think—even the United States will require additional quantities

of food and of the other consumables which can be taken from the sea.

If the United States has an excess of food, Japan has a shortage, especially of

proteins. The sharp necessity to feed her large population from a land incapable

of producing sufficient protein food has driven Japanese fishing fleets to all the

oceans of the world. Much of the enormous expansion of the Japanese fisheries

has come within the last decade or so. Prior to World War II Japan was a lead-

ing fishing nation of the world, but the level of activity was much lower than it is

now. Since then competition has become stiff, but the Japanese have kept pace,

being surpassefl only by the amazing rise of Peru. Japanese fishing boats and fac-

tory ships are now seen again in the Bering Sea, where their presence raised

storms of protest in the United States before World War II. They are seen in the

mid-Pacific, where they are fishing pelagic schools of tunas and billfishes and
cashing in on the research of the Americans as well as of their own scientists.

They are fishing the whole tropical Atlantic from Brazil to West Africa. Their
vessels are among the most active in the new rich fisheries in the bight of Africa.

They are fishing tuna in the Indian Ocean. They were the first to explore the

shrimp fisheries in the Gulf of iMexico and the coast of Texas. In October of

1962 they appeared in the northwest Atlantic, near Newfoundland.
They are fishing off east Africa and off Antarctica. They are successful be-

cause they have done what the United States has not done, which is to translate

ocean research into practical methods of increasing the catch of oceanic fish.

Japan was the leading fishing nation of the world before the Second World
War so she had a running start in attaining her present eminence. On the other

hand Russia was nowhere in sight as a marine fishing nation at that time, get-

ting most of her fish from fresh water lakes and ponds. Now, a little over two
decades after the war. Russia has leaped to the position as the third fishing

nation in the world, ahead of the United States by two places. She has gained
this position because she recognizes the importance of exploitation of the sea

and has adopted as a national policy the necessity of translating pure scientific

research in oceanography into industrial application, and because she has imple-

mented this policy by widespread applied research and training. Like the

Japanese, the Russians are seen in ships over the world oceans. Their boats

appear not individually, not in pairs, but in great fleets. Fine new vessels with
the latest equipment for the capture and processing of fish are accompanied by
factory ships. No species of fish captured is discarded ; no part of any fish caught
is wasted. The Soviet vessels are seen in the northeast Atlantic where their

drifting net still foul the propellers of American and Canadian vessels. Russian
oceanographers in exploratory fishing vessels were the first to work off the rich

west African coasts. Russian are fishing off South Africa, in the northeast

Pacific, in Antarctica. Russia trawlers are fishing alongside Japanese trawlers

in the Bering Sea.

It is of great importance to note in our present context that both .Japan ami

Russia have enormous and highly organized systems of university-level training
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and research to back up their expanding world fisheries. Several years ago
the U.S.S'.R. had 137 separate institutions training fishery scientists and tech-

nical workers and conducting basic and applied research, and this number is

probably badly outdated. Japan is famous for the high level of fishery training
and research in its universities.

If Japan and Russia are the most active nations in pursuing oceanographic
research for the benefit of their country, they are not the only ones. Peru has
become the leading fishing nation of the world by taking advantage of the rich

fish stocks off her coasts, and research has greatly aided the development of

these stocks. Such nations as Poland, West Germany, and Korea have expanded
their oceanic fisheries with strong support from applied research.

Many vexing questions of the rights of competing nations to exploit the fisheries

of the high seas are yet unanswered, but it seems certain that those nations
which have established an active fishery will have high preference when a
decision is made as to who may fish particular offshore stocks. Whether the
United States needs to fish for these stocks at the present time or not, we will

certainly need them in the future, and we may find that prior claim has been
made to them by other nations more aggressive than ourselves in tliis area.

"Traditional rights." obtained through exploitation of stocks and research per-

formed on them, will be forcefully claimed.
At the present time the universities cannot obtain adequate support for applied

research in oceanography. The program of the National Science Foundation
and of the other granting agencies either is specifically directed toward basic or
medically oriented research, or it involves individual short-term grants. A com-
pletely new a])proach is necessary, whereby agencies such as the Bureau of
Commercial Fisheries, whose activties are specifically directed to development of
the exploitation of the fish resources of the ocean, are provided the authority
and the money to support institutional grants. These grants should be made on
long-term bases, and be for the support of whole faculties and programs at selected
universities.

For the past several years there has been a strong trend for Government
agencies to enter vigorously into oceanographic research. Since funds for the
support of this work have been limited, the trend has resulted in many cases in

the universities being replaced in this activity. It is vitally necessary that the
tempo of oceanographic research should be increased, but it must not take place
at the expense of university research or the whole structure will come crashing
to the ground.
There is no other source of trained oceanographers except the universities, so it

is a basic necessity that the.v should be made as strong as possible, and be actively
encouraged to make their training as thorough and effective as possible. Surely
this is so obvious that it hardly requires to be stated, let alone belarbored. But
what does need explanation and urging is the concept that in order to be effective
in training oceanographers, the universities must be deeply engaged in research.

It is sometimes forgotten that a university has a dual role instead of a single
one. In addition to the responsibility of training students, it must provide the
intellectual atmosphere and opportunity for the conduct of research. Histor-
ically, the university was the sole center of investigation and scholarly research,
and it was to the university campus that scholars and scientists gravitated to take
advantage of the collections of books and the presence of other men with whom
they could discuss their work. The function of research has been subordinated
in recent years in some universities, especially in this country, where some
teachers colleges and other institutions have lost sight of the .scholarly tradition
of universities in their haste to turn out students. The irony of this is that the
students are inevitably more poorly prepared for their role through not having
exposure to scholars immer.sed in research in their field, and consequently
abreast of the latest develojiments and philosoithies of their profession.

In some areas of scholarship the universities are still the sole centers of re-
search, and if professors did not carry on scientific inquiries, none would be
done. In the field of marine science, and es))ecially of fisheries, this is not the
case ; if no university research were done in fisheries, the country would still be
served by Federal and State agencies. It is not fully clear to me why some areas
of research endeavor should ))e dominated by the universities and why other
should be pursued vigorously by Government agencies, but one of the reasons
relating to the marine sciences surely is tlie jireat cost of ni;iny pliases of this
kind of research. I'lii versifies h.-ive in many cases started tin's work, but have
eventually been faced with such staggering costs of boats and otlier necessities
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that they have been forced to vacate the field in favor of the Government, whose
resources alone are able to bear their magnitude of financial burden.

It is a contradiction of terms to say that the universities can and should re-

strict themselves to the teaching of marine scientists and not engage in research.

A luiiversiy engaged in the training of fishery scientists and oceanographers
must give the students not only theoretical training in the classroom, but must
allow them to engage in research. And this must not be artificially created prob-

lems that have little if any contact with reality, but must be real and vital prob-

lems actually being investigated by professional scientists. This means that the

university must have its staff engaged in such worthwhile research (which
implies that this siaff is capable of such work). It also means that we are faced

again with the high cost of marine research, and the inability of any university

to finance it themselves.
If we are willing to accept this line of argument, it follows that whether the

Federal Government looks on the universities as partners in research or only

as a source of professionally trained staff for its own and other fishery labora-

tories, we arrive at the same end : the universities must engage in serious and
worthwhile research, and they cannot do this without considerable outside sup-

port, probably largely from the Federal Government.
The training of oceanographers and fishery scientists is complex and the

application of basic discoveries in oceanography is difficult. This is partly be-

cause oceanography is not a science. As a matter of convenience even those of

us in the profession tend to speak of the "science of oceanogi'aphy," knowing
full well that it is not a science in the usual sense. This usage is picked up by
the public, and it complicates the understanding of the problem of training in

oceanography and of research in the field. There is no more a science of ocean-

ography than there is a science of the land. Instead, oceanography is the ap-

plication of the basic sciences of physics, chemistry, biology, and geology to

problems in the ocean. Thus a student of oceanography must have mastered the

fundamentals of one or more of these basic sciences before he enters the study

of oceanography. This study must therefore be at the graduate level. And it

must concentrate heavily on research a.spects.

Furthermore oceanography encompasses not only all the basic sciences but

other disciplines, such as food technology, engineering, law of the sea, economics,

communications. Any institution which hopes to do a useful job of translating

pure science into applied science in oceanography must have the capacity to

train students in these aspects and to conduct research in them.

It seems to me that Senator Pell's bill, S. 2439 provides an excellent vehicle for

achieving the important objectives outlined above. The concepts that we must
translate into practical terms the results of pure research and oceanography, and
that we must strengthen the training programs for research scientists are most
important. It appears that this can best be accomplished by choosing a small

number of centers of excellence: universities with a proven interest in marine
science, and possessing in addition departments of law, engineering, and the

other associated fields where faculty members are interested in ocean problems.

Supiport should be in the form of continuing program grants, made available for

either applied or pure research. These grants should be flexible, and the ground

rules should permit development of a core of faculty, with continuing support.

The emphasis should be on programs and not on projects. The grants should

recognize the great variety of needs of students, and permit the university to fill

these needs in the most eflacient way. The grants must be of a character which
will allow students to become seagoing oceanographers, and hence should include

provision for research involving vessels.

The special needs of private institutions like my own must be kept in mind in

providing these grants. For example, there is no way of our university supplying

matching funds, and there are many other schools in the same position.

Finally, it appears to me that one of the major contributions which the United

States can make to the welfare of developing countries is in the training of ocean-

graphers from those countries. We have had many foreign students at the

University of Miami, and have sent them back to their countries to enter the serv-

ice of departments developing ocean resources. We would like to do this in much
increased scale. Provisions should be made in this act for the expanded support

of foreign students who come to the United States to study oceanography.

Mr. Chairman, I greatly appreciate the opportunity to testify in favor of this

bill. I believe its passage is most important to the future of the United States.
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Senator Pell. We will now proceed to our last witness for this

morning, Mr. John Perry, the president of the Perry Submarine
Builders, West Palm Beach, Fla. I understand that your submarines

are called Cubmarines.
Mr. Perry. Yes.

Senator Pell. I have your statement here and I will ask you to pro-

ceed as you will.

STATEMENT OF JOHN H. PERRY, JR., PRESIDENT, PERRY
SUBMARINE BUILDERS, INC., WEST PALM BEACH, FLA.

Mr. Perry. Thank you, Mr. Chairman.
Since Dean Spilhaus has already very ably pointed out to you the

problems and potentials of invadin<>-the sea, I feel that my contribution

here can come from describing what we have accomjilished to date in

this endeavor and perhaps point out the parallel of these endeavors
to the meaningful purposes of the proposed bill S. 2439.

For the past 10 years I have been building small submarines for

the purpose of research and doing useful work in the sea. At the
time when I began these endeavors, it seemed there was to be little

general interest in this area except from a strictly military view-

point, and there was little, if any, of what might be referred to

as a "state of the art." Today, however, it has become obvious to

almost everyone that not only does the area beneath the sea make
our country more vulnerable than ever before from a military stand-

point, but from an economic viewpoint the invasion of this vast un-
known is important and absolutely essential. The question then is

no longer shall we enter but how, how fast, and how^ well. The Navy
as well as industry have already found out a good many of the prob-

lems and have suggested a good many answers. The problem right

now is to arrive at the practical aspect of getting into the sea on a

daily, routine, economic basis and, sometime in the next few years,

live there on a more or less permanent basis.

Currently, we at the Perry Submarine Builders Co. are building
our 10th submersible. One of those to be finished this summer is

l^eing built on a joint venture with Mr. Edwin Link who has for many
3^ears been the country's leading pioneer in man-in-the-sea projects,

among which was the first saturatio)i dive in the world and who, 2

years ago, headed the expedition in which Robert Stenuit and Jon
Lindbergh lived for 51 hours at a depth of 427 feet. The vehicle we
are now building with Mr. Link is designed to have the capability of

delivering a work force to any depth on the Continental Shelf, to

send two men out and return them to safety. One of our vehicles

was used by Oceans Systems, Inc., and the U.S. Navy in the recent

search for the H-bomb off the coast of Spain. Another is at work in

Kwajalein in the Pacific Ocean on a classified project of the U.S.
Army Materiel Command.
Among other projects, we are currently building an underwater lab-

oi'atory and classroom which I have donated to the Florida Atlantic

University at Boca Raton in Palm Beach County, Fla. One of the

purposes in making this donation was essentially to accomplish in my
own small way what the concept of Senator Pell's bill for sea grant col-

leges is designed to do.

02 990- Ci; 17
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We are runniiio; into a severe shortage of qualified scientifically

oriented personnel to pilot our submarines. Contracts which we had
obtained for work from each of the four armed services required a
higli degree of scientific skill. It became clear to us that in order to
obtain the skill to pilot these craft and to do useful work with them,
we must call on the resources of a university with an ocean engineering
degree. Having a prior interest in the establishment of this facility,

it was natural that I should turn to them to help solve this gap in

the needs of this new industry.
The Florida Atlantic University next month will have its under-

water laboratory and classroom and the industry will thereby have the
beginnings of a pool of scientifically experienced personnel to operate
undersea craft, to get there and do useful work from a permanent
undersea base. It is our hope that this university will be given con-

tracts from Government as well as industry to help further the cause
of penetrating this last most important frontier of man.
As you have read recently, Russian scientists are making plans to

send multicrewed underwater laboratories into the deep waters along
the Soviet Union's Pacific coast for marine studies. They have de-

signed the Tinro-1 for seven-man crews for depths to more than 900
feet and to travel at speeds of 5i/^ knots for 36 miles.

There is little question of the value to be found in this program.
We must have it to survive. The question is how to accomplish it most
effectively and efficiently. One point vrhich I would like to make in

this connection is the matter of focusing the men and money into the

right locations and into the universities already oriented in this direc-

tion. As both Paul Fye, of Woods' Hole, and William Harges, of the
University of Virginia, and now Dr. Idyll just before me now have
ably pointed out in last October's conference on the concept of a sea

grant university at Rhode Island, the program should be limited to

institutions with ready access to the sea.

I would like to point out the exceptional advantages that the State

of Florida has in this respect-—not only its 1,200 miles of shorelines,

the already existing facilities which it has in the Florida Atlantic

University, the Nova University, Brevard Engineering College at Mel-
bourne, and the Institute of Marine Sciences at the University of
INIiami. but also the enormous technological brain bank at Cape
Kennedy.

In addition to the hundreds of thousands of vsquare miles of clean,

clear salt water bordering its shores, it has in its interior the largest

bodies of canals of fresh water. This makes it the finest natural

laboratory in the free world for basic and applied research.

The rising interest in environmental engineering of our Nation as

it relates to weather control, beach erosion, air and water pollution,

biological engineering, and ocean engineering, makes it an ideal spot

to focus the attention of the sea grant universit:y concept.

Furthermore, our Federal Government, in conjunction with the

Bahamas Government has jointly begun, in close proximity to the

Florida coastline, a several hundred million dollar joint effort which
to all intents and purposes will be an underwater engineering mecca.
This facility is known as AUTEC^~the Atlantic Underwater Test and
Evaluation Center.
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To illustrate the necessity of spending this money in areas adjacent

to the sea, I ^YOuld like to point out how in my own way this proximity

to the ocean has been so important. Recently I moved my own sub-

marine building plant. Formerly, although it was located on the

inland waterway, nevertheless it was 12 miles from an adequate inlet.

It was time consuming and expensive to get our vehicles into the ocean.

The new location is a'djacent to a deep sea entrance and large harbor

with good proximity to the Gulf Stream. From an operating stand-

point, this makes all the world. It is no longer necessary to tow these

vehicles to an on-site location. We can get down to work with half

the expense we formerly encountered. Now it is economical and v^e

are equipped to hivade the sea on a daily routine basis. In fact, this

facility will help enable Florida Atlantic University to ferry the stu-

dent to the underwater classroom on a regular schedule. On this

matter I cannot overemphasize the importance of location and near-

ness to the field of endeavor.
^Vliile the state of the art is beginning to reach manifold propor-

tions, there is no question but that the industry is in definite need of the

kind of i^ush which Senator Pell's bill would give it.

Any assistance which these universities gain now in the way of funds

for equipment will pay off many times in long-range gains. What
needs to be realized moreover is that of all the frontiers mankind has

broken through, this last one is perhaps the most formidable of all.

But when compared to the outer space effort, it would appear to me
that conversely it will be much more rewarding. You are all aware
of the probability of finding enormous wealth, not only material

wealth but great wealth of knowledge.
In view of recent testimony, it would be redundant for me to reiterate

the list of potential rewards. Suffice it to point out that the moneys
spent on these educational programs (and I might just add that I am
in hearty agreement wdth the Senator on his proposed payment
method) will escalate to very substantial proportions, and will, I

believe prove themselves very much in the same rewarding manner in

which the land grant aid over the last hundred years has helped make
this country the best fed in all history.

It could very well be that in the next hundred years the sea grant
concept could be instrumental in helping to keep humanity from
starving.

In conclusion, I heartily approve of the translation of Dean Spilhaus'
idea into the adoption of Senator Pell's proposed bill S. 2439 and
recommend its passage into law so that we in industry can further our
growth in order to share our profits with mankind.
Thank you.
Senator Pell. Thank you very, very much indeed for your practical

businessman's viewpoint and your positive support that you have
rendered by coming here. You are a very good spokesman for your
own State as well.

Mr. Perry. I learned that from the Senator in his endorsement of
Rhode Island in the hearings last fall.

Senator Pell. But in connection with the allocation of the funds,
my own thought is that this allocation could go to the most practical

exploitation of the ocean. I gather your thinking and mine is identical

in that regard. This is not for the further development of theoretical

knowledge but the exploitation of the knowledge we already have.
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Mr. Perry. That is correct, but I feel the theories or the arguments
advanced for inchiding every State, for instance, are going to cause

a scattering of the shot. I think we have a definite problem. I think

it ought to be concentrated on those universities which show proximity
to the ocean and an already established engineering, ocean engineering,

or oceanology facility, and who have the real need for these funds.

I think it is silly to scatter it around because on the same theory we
would have given every State a Cape Kennedy, for instance, that seems
to me a fairly good example of concentrating our efforts.

Senator Pell. Right. There is great merit to what you say, but
also what we are trjdng to do is develop the skills and basic knowledge
all over the country. That is why perhaps the lion's share of this fund-
ing might go for the institutions, the centers of excellence, but if we
could use a portion of it to develop an interest around the country,

perhaps on a matching basis, which would do that, it might be more
effective.

A good analogy here is the arts and humanities foundation. At this

point the performing arts are almost entirely centered in two or three

areas—New York, California, maybe Illinois. But the purpose of

the act is to generate interest all over the country in the arts, and for

that reason we had both concepts in the bill, a basic minimal matching
grant for each State as they developed a program or interest in it,

and also a competitive grant basis, and that is the thought I had here.

]Mr. Perry. I see. I don't agree with that statement at all because I

feel you have one problem in the humanities and you have an entirely

different problem in the efforts of invading the sea. I think we are

going to have to take every penny we can afford in order to lick this

problem and I feel that the interest problem will take care of itself

if we as a nation do an excellent job of getting into the sea and being
ahead of Russia. The interest in the thing is generating itself, and
the best way to get the interest is for us to be the best.

Senator Pell. I appreciate your views on this and they will be
properly weighed and considered, and I thank you, too, for coming
here today, very much indeed.

Mr. Perry. Thank you, sir.

Senator Pell. I see that Congressman St Germain, a fellow Rhode
Islander, is now here and will offer his testimony. Congressman St
Germain is shepherding a bill similar to this one in the House. Will
you proceed. Congressman.

STATEMENT OF HON. FERNAND ST GERMAIN, A REPRESENTATIVE
IN CONGRESS FROM THE STATE OF RHODE ISLAND

Mr. St Germain. I thank you Mr, Chairman for this opportunity
to appear before the committee.
The matter of oceanography and sea grant college legislation is of

extreme interest to me for I believe that it is of utmost importance to

the State which I am privileged to represent, to our Nation which
we all serve, and to mankind for whom we are all responsible.

The oceans of the world comprise the last frontier of inner space.

Herein lies territory as challenging and more promising of economic
reward than the regions of outer space. It beholds the promise of an
almost inexhaustible supply of minerals, metals and, most important.
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as a troubled world is confronted with the population explosion, it

holds the promise of a significant increase in the world's food supply.

It is here tliat man can gain almost limitless resources to feed future

generations.

Although TO percent of the earth is covered by ocean—extending
itself over 139,400,000 square miles—only a small fraction of our

food and other needs are gained from it.

The sea dominates our world. It regulates the weather. It is the

ultimate source of all our water. It provides a habitat for plants and
animals far greater in area and volume than the life zone of the land.

It is believed to have been the birthplace of all terrestrial life. And
yet, in spite of all this, we have scarcely begun to learn about our ocean.

It seems to me that anything that we, who are privileged to serve

our Nation as legislators, can do to foster the development of marine
sciences and associated fields should be done as expeditiously as possible

and with a deep feeling of gratitude for having played a role in such
significant work.
Let us for the moment confine ourselves to viewing the fishing indus-

try. The worldwide demand for fish is growing rapidly. In 1962,

about 33 million metric tons, live weight, of fish were caught for food
use. By 1970, the demand may be between 40 and 45 million tons. In
addition to this, large quantities of fish are caught for reduction pur-

poses—for example, to be used as feed for farm animals. This also

has been growing at an extremely rapid rate. In 1958, the catch of

fish for reduction was about 4.3 million metric tons. In only 4 years,

this amount had almost tripled, reaching a total of 11.9 million tons.

By 1970, it is estimated that the demand for fisli for reduction purposes

will be between 17 and '21 million tons. Thus, the total world demand
for fish for all purposes may be between 52 and 72 million tons in 1970.

Up to 1957, the United States ranked second among nations in total

world catch. By 1960, we dropped to fifth place while Peru, increasing

its output 140 times since 1948, now has become the world's leader.

The Russians, realizing the potential and their own needs, have been
increasing their catch at a rate of 6 percent per year and now the only

first-rate oceanographic fleet in the world.

The time has come for the United States to realize the importance
of the fishing industry, but above this, we must reach out as far as

possible to all the marine sciences for the oceans are not a mere hunting
ground for fishermen or a highway for our ships.

Before exploitation can begin, basic knowledge must be gained and
herein lies the task of sea grant colleges who, workins: in conjunction

with marine industries, can provide us with vital and timel}^ knowledge
that will help us to relieve world problems and enable us to realize

a better economy. Before we can farm the seas or mine the ocean
floor we must equip ourselves with the tools of knowledge; tools which
can be provided through sea grant colleges working in conjunction
with the marine industries. We have only to look to the land-grant
colleges in their joint efi'orts with the farm industries to realize the
significant results to be gained through such a program—results that

have proven beneficial to all America.
A program that can provide greater economic opportunities includ-

ing expanded employment and trade; new sources of food; new means
for the utilization of water; exploitation of mineral deposits—these

62-90tJ—GG IS
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can be realized by the enactment of the sea grant college bill, S. 2439,

introduced by your chairman and my colleague from Rhode Island,

the honorable and highly esteemed Senator Pell and my companion
bill, H.R. 12337.

I trust that this committee will fully realize the vital nature of this

matter and will afford Senator Pell's bill the utmost of consideration.

Senator Pell. I would like to read into the record a telegram from
Les Cohen, director of governmental affairs, the California State

Colleges. [Reading :]

The California State Colleges wish to express their wholehearted endorse-
ment of your bill. S. 24.39, to establish sea grant colleges. The State college

system is anxious to fulfill a need in California for the development of marine
sciences. Several of our institutions have unique talent and special competence
in this area. Your bill is well designed to accomplish these purposes if Federal
assistances forthcoming. Detailed letter explaining our support will follow. In
behalf of our Chancellor Dumke, I wish to express our pleasure in the measure
you have introduced.

Les Cohen,
Director, Government Affairs, the California State Colleges.

We will now hear from Congressman Huot from Xew Hampshire.

STATEMENT OF HON. J. OLIVA HUOT, A REPRESENTATIVE IN CON-

GRESS EROM THE STATE OF NEW HAMPSHIRE

Mr. HoiTT. Mr. Chairman, I submit this testimony before the mem-
bers of this committee in support of S. 2439—the National Sea Grant
College Program Act of 1965. In fact, I submitted similar legis-

lation in the House on April 19 of this year.

In this present age it has become apparent that the stronger nations

of the world are striving to carry out explorations in space, just as m
past centuries a similar motivation forced people to explore new conti-

nents and new resources.

However, it is now awkwardly evident that the vast areas of ocean
which cover the majority of the earth's surface stand relatively un-
touched. There is no specific policy at hand that says we as a Nation
must involve ourselves with the mysteries of the sea, but it stands to

reason that if action in this area is not undertaken in the near future,

the United States might find itself struggling desperately behind
other world powers.

If adopted, the National Sea Grant College and Program Act of

1965 will authorize the institution of certain sea grant colleges and
programs whose main objectives will be to offer training, education,

and research facilities for the furtherance of knowledge concerning

the marine sciences. It will provide for grants of shoreline, specified

areas of ocean bottom, and lakesides which could be used by these

colleges for purposes of experimentation. This distribution would
also aid in the eventual preservation of these areas.

The results of an action of this type would be vast. The United
Stpvtes will stand as a leader in the fields of aquaculture and ocean en-

gineering. However, it is imperative that the engineers of this coun-

try receive the proper training for these sciences. The sea engineer in

contrast to the land engineer must deal with entirely different stand-

ards of pressures, materials, and environment. For this reason, his

outlook and scope are entirely different, thus requiring new forms of

educational programs.
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The goal of the exploration and experimentation carried on by the

sea grant colleges -would eventually be the construction of a comj)letely

self-sufficient submarine city, able to supply its own food, shelter,

power, and transportation. At this time, when overpopulation is a

worldwide concern, the benefits of such a situation would be countless.

However, it must be nnderstood that to achieve these aims requires a

well-based knowledge of the mechanics of submarine soil, the calculated

extent to which miderwater pressures must be accounted for, means of

soil fertilization and upkeep, the possibility of wave movement as a
source of power and many other important factors.

It is my belief that the institution of sea grant colleges and pro-

grams would create an adequate and successful system for the start of

submarine exploration.

Mr. Speaker, I cannot urge this committee too much to look favor-

ably upon this legislation. Experts in oceanography and hydrospace
have ascertained that the time is now for the U.S. Government to begin
educating our young engineers in this field. The years ahead are

important, and our country may find that in the near future complete
knowledge of the ocean floor will be a requirement, not a mere cui losity.

Senator Pell. Thank you for your fine testimony.

Our next witness is Congressmen Reinecke, of California. You
may proceed. Congressman.

STATEMENT OE HON. ED EEINECKE, A EEPRESENTATIVE IN CON-

GRESS PROM THE STATE OE CALIEORNIA

Mr. Eeinecke. Mr. Chairman, thank you for this opportunity to ex-

press my support for the sea grant college bill, S. 2439, now under
consideration by this special subcommittee. As a member of the
House Merchant Marine and Fisheries Committee, and to its Sub-
committee on Oceanography, I am very much aware of the impor-
tance of the sea around us, and of the need for creative thinking about
ways to more fully use this great natural resource for the benefit of this

Nation, and of all mankind.
As an engineer myself, I am always most concerned with the prob-

lems of practical applications of new knowledge and new discoveries.

The land-grant college concept was a creative way to bring to a grow-
ing nation the facilities for practical education. It was a means of
bringing knowledge to tlie men who were building our country. And
this concept placed the power of the people through their National
Government squarely behind the idea of promoting practical educa-
tion, as well as productive research, at the local and commimity level.

The U.S. Government operates oceanographic programs from 18 or
20 Federal agencies. And many universities, laboratories, and in-

dustries supplement these with research efforts of their own. But, it

seems to me, that there is still a need for the application of our new
knowledge of the sea. There still is a need for exploring the com-
mercial, engineering, medical, legal, mineral, biological, and food-
producing aspects of the ocean. There is a need for further study in

the matters of harbor engineering and construction. There is a need
for us to realize that the sea around us, which constitutes almost 71
percent of our world's surface, may hold as much potential, and as
many rich surprises, as does outer space.
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I heartily endorse the idea of the sea grant college. The emphasis

of this bill and of this idea is to work with existing educational in-

stitutions to make full use of the research facilities already involved

in the exploration of the sea. This also brings to bear on ocean prob-

lems the combined talents and experience of the scholars from many
disciplines within a university. It also uses existing organizations of

proven capability.

In my own southern California great steps have been taken to inte-

grate the efforts of local government, industry, and the colleges and uni-

versities into a common thrust into the mysteries of the ocean depths.

The port of Long Beach, the University of Southern California, the

California State College System, the famed Scripps Institute of

Oceanography, the Los Angeles Harbor Commission, and my own
alma mater, the California Institute of Technology are all involved

in various efforts to further our understanding of the ocean and to ex-

ploit its riches for the welfare of all human beings.

I am glad to see that the intent of this bill is to solve a real problem
without building a large Federal bureaucracy. This bill will put
ocean development in the States, where the work is actually going on,

and where it belongs. This sea grant concept will involve the Ameri-
can people directly instead of leaving ocean development to a group of

Federal researchers removed from the laboratories of practical

application.

Tlie urgency of this matter is best illustrated when we compare our
progress in ocean development with that of the Soviet Union in recent

years. Yhile the United States has maintained a lead in basic scien-

tific research, it has been generally realized that the Soviets have
emphasized the applications of research, rather than basic investiga-

tions. In certain phases of applied research the United States main-
tains a lead. Tlie field of oceanographic instruments is one in which
this Nation is ahead. Also, the use of computers applied in the

assemblage of marine scientific data is an American achievement,

though now under study in the Soviet Union today.

Russia claims some 1,500 oceanographers backed up by 7,500 men
and women working full time in the field. The status of sea scientists

is being upgraded, and the field is being made more appealing to young
people. It should be mentioned that the Soviet Institute of Ocean-
ography has been expanded five times from its original size in the past

15 years.

By contrast, it has been estimated that the United States has ap-

proximately 700 oceanographers with some 2,000 to 2,500 full-time

technicians supporting them. We are increasing our ranks by ap-

proximately 10 percent a year. The Soviets may actually be increas-

ing by 15 percent per year.

The United States can also claim a lead in deep sea mining, drilling,

and deep sea research vehicles. However, the Soviets are moving up
fast in developing vehicles of their own.

The Russians have declared a technological and commercial war on

us—on and under the high seas. In shipping, and in fishing, their

intent is quite clear. They wish to become masters of the ocean.

'They have been successful in fisheries because they have applied to the

fehing operations the tools learned in marine research. With this

success, they are encouraging more oceanographic efforts.
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In the United States todaj^ there is an emerging awareness on the

part of the public, the academic world, the Congress, and the industrial

community that the oceans represent a vast untapped resource. This
emerging awareness is greeted by an entliusiastic community of scien-

tists and ocean technologists eager to move into a concentrated cam-
paign to promote full utilization of the sea around us.

This Nation stands at the threshold of man's final conquest of his

environment. Man in the ocean, or man on the high seas, is as im-

portant to our Nation's future as man in space, or man on the moon.
The sea grant college is a giant step toward seeing that the first place

in ocean technology stays in American hands.

Senator Pell. Thank you. Congressman. At this point, since we
are through listening to the witnesses we have invited, I would like to

make the announcement that the record will stay open until May 12 for

any further testimony or changes that are offered, and after that time

it is the intention of the subcommittee to meet in executive session to

go over the various amendments that are being offered and see what
our combined thinking is in this regard.

I thank the witnesses who have come from long distances, and if

there is anybody else in the audience here with a supplemental review

to offer, I will be glad to hear it. Otherwise, the meeetings of this

subcommittee are herewith recessed.

(The following material was subsequently supplied for the record.)

U.S. De:partment OF THE Interior,
Fish and Wildlife Service,

Bureau of Commercial Fisheries,
Washington, D.C. May 10, 1966.

Hon. Claiborne Pell,
Chairman, Special Subcommittee on Sea Grant Colleges, Committee on Labor and

Public Welfare, U.S. Senate, Washington, D.C.

Dear Senator Pell : At the hearing on S. 2439, held May 3, 1966, there was
some mention of the origin of the present Bureau of Commercial Fisheries. I

have had prepared an organizational chronology which traces the Bureau back
to the original act of February 9, 1871, and am enclosing it for the record.

Sincerely yours,
Donald L. McKernan, Director.

Organizational Chronology of the Bureau of Commercial Fisheries

Fish were an extremely important source of food in the early days of the Repub-
lic and for that reason the fisheries received early attention from the Congress
as a renewable resource. By the act of February 9, 1871, the Congress recognized
the national aspect in the conservation of fisheries by authorizing appointment
of a Commissioner of Fish and Fisheries to study the decrease of the food fishes

of the seacoasts and lakes of the United States, and to suggest remedial measures.
The Commissioner was to be appointed by the President, with the advice and con-
sent of the Senate, from among the civil officers or employees of the Government
and was to serve without additional salary (16 Stat. r>94). The sum of $5,000
was appropriated to carry out the required study (16 Stat. .503)

.

The probem of depletion of the fisheries had been called to the attention of
the Congress in January 1871 by Mr. Spencer F. Baird, who was then Assistant
Secretary of the Smithsonian Institution. The work authorized under the
original act was done by personnel of the Smithsonian Institution who served
without additional compensation. Thereafter, on .January 20, 1888, the original

act was amended to authorize a salary of $."),000 per year for the Commissioner
and to require that he not hold any other office or employment (2.5 Stat. 1 ).

The Fish Commission and the Office of the Commissioner of Fish and Fisheries
functioned as an independent establishment of the Govermnent from February 9,

1871, to July 1, 1903, when, by the ii<t of February 14, 1903 (32 Stat. 827), the
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Fish Commission and the OflBee of the Commissioner of Fish and Fisheries were
placed in the Department of Commerce and Labor which was created by the
latter act. That same act transferred from the Department of the Treasury to

the Department of Commerce and Labor jurisdiction, supervision, and control

over the fur seal, salmon, and other fisheries of Alaska (32 Stat. 828). There-
after, this entity was called the Bureau of Fisheries.

By the act of March 4. 1913 (37 Stat. 736), the Department of Commerce and
Labor was divided into two separate departments and the Bureau of Fisheries

remained with the Department of Commerce until July 1, 1939, when the 1939
Reorganization Plan No. II (53 Stat. 1433) transferred the Bureau of Fisheries

to the Department of the Interior.

The Bureau of Fisheries and the Bureau of Biological Survey, both in the
Department of the Interior, were consolidated into one agency to be known as
the Fish and Wildlife Service by the 1940 Reorganization Flan No. Ill (54 Stat.

1232), which became effective June 30, 1940.

By the terms of the Fish and Wildlife Act of 1956, approved August 8, 1956
(70 Stat. 1119), there was established within the Department of the Interior to
succeed the then existing Fish and Wildlife Service, the U.S. Fish and W^ildlife

Service consisting of two separate agencies, each with the status of a Federal
bureau, the Bureau of Commercial Fisheries and the Bureau of Sport Fisheries
and Wildlife.

National Academy of Sciences,
NationAX, Reseakch Council,

Committee on Oceanogeaphy,
Washington, D.C., May 2, 1966.

Hon. Claiborne Pell,
U.S. Senate,
Washington, B.C.

Dear Sir : Our knowledge and understanding of the oceans and its contents
are growing rapidly. With this increasing knowledge, comes the jvossibility

of making fuller use of the ocean's resources. These resources range from oil,

minerals, new sources of animal protein, and pharmaceuticals to the uses of

the oceans for recreational purposes and the development of cheai)er and safer
waste disposal systems. New technology has made possible the development
of better vehicles for moving through the oceans at all depths ; and deep ocean
anchored buoys hold promise of better monitoring of the ocean-atmosphere
system and of markedly improving our 3-10-day weather forecasts. We believe

the United States should continue to play a leading role in these developments.
The analogy of the land-grant concept to the development of our ocean resources

as incorporated in S. 2439 is attractive. The agricultural productivity of this

Nation is unsurpassed and much of the credit for this fact must go to the develop-

ment of the land-grant college movement. Land-grant colleges, with their

wide range of activities including agricultural experiment stations and extension
services, have been singularly successful in bringing the findings of science

out of the laboratory and classroom and transferring these ideas into practical

application. Land-grant colleges also have provided the services of the labora-

tory to solve some of the day-to-day problems of the farmer. Most importantly,

the land-grant college movement provided the agricultural industry with well-

trained men and women capable of utilizing the new ideas of the laboratory and
experiment station and of further developing our agricultural resources.

We believe a similarly conceived program for developing our ocean resources
could do much to insure the continuing leadership of the United States in this

area. We believe such a program could provide the necessary impetus to bring
about an expanded effort in the development and exploitation of the oceans'

resources.
Thus, we endorse the principle of S. 2439, the National Sea Grant College and

Program Act of 1965.

Sincerely yours,
Milner B. Schaefer, Chainnan.
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Boston Univebsity,
Department op Biology,

Boston, Mass., May 10, 1966.
Hon. Claibobne Pell,
Committee on Labor and PuMic Welfare,
U.S. Senate,
Washington, D.C.

Dear Senator Pell : It is a pleasure to endorse S. 2439, which will be
subjected to the Special Subcommittee on the Sea Grant College of the
Senate Committee on Labor and Public Welfare. The purposes of this bill are
vital to the success of oceanology in this country. Certainly, the land-grant
concept has proved to be an extremely important factor in the outstanding per-
formance and knowledge of American agriculture.
We, in the study of the sea, feel that this vast, largely unexplored frontier is

open. Other countries such as Russia and Japan are actively engaged in sci-

entific and practical pursuits to obtain knowledge and economic gain from the
sea. The United States has devoted relatively little effort toward the develop-
ment of our knowledge or utilization of the oceans. It seems axiomatic that the
self-interest of this country can best be served by occupying and understanding
the sea. Our fisheries need modernization and information. Our utilization and
understanding of the food chain in the sea needs more detailed investigations.
The mineral wealth of the oceans remains largely untapped and unknown. The
sea as a source of fresh water needs further investigation.

These are areas to which science and technology can contribute greatly if

given the proper tools and jjersonnel. S. 2439 is an important step in re-

turning the seas to American ingenuity. The basic caliber of marine scientists

in this country is excellent, but we need to train more of them and devote more
attention to practical problem solving without forgetting that basic research is

the foundation of science.

Let this country turn to the sea in this century as it turned to the land in the
last century and the bounty of the sea will be ours as the bounty of the land is

now.
Again, good luck and best wishes on this important legislation.

Sincerely yours,
Galen E. Jones,

Director-elect, New Hampshire Marine Laboratory.

Scottish Marine Biological Association,
Marine Station, Millport, Isle of Cumbrae, Scotland, May 3, 1966.

Mr. Arthur Larson,
Office of Senator Gaylord Nelson,
Old Senate Building,
Washington, D.C.

National Sea Grant College and Program Act of 1965

statement submitted for inclusion in the record of the hearing on the
ABOVE senate BILL S. 2439

This statement is submitted by the undersigned, Dr. Clifford 11. Mortimer,
fellow of the Royal Society, director and secretary of the Scottish Marine Bio-
logical Association, and director-designate of the recently constituted Center
for Great Lakes Studies, University of Wisconsin, Milwaukee, where he will
shortly take up appointment with rank of distinguished professor.

Having, in the preceding paragraph, declared his personal interest, the writer
seeks to add his support to the scientific case for this bill and for the inclusion
of investigations on the Great Lakes under the definition of "marine studies." It
is proper that the Great Lakes should be so included, because the techniques and
seamanship needed to solve outstanding problems in lake hydrography and biology
are oceanographic in nature and scale, and because there is growing evidence that
certain basic and universal processes—for instance, air/water interactions, some
effect of the earth's rotation on water movements, pollution-induced biological
changes in large bodies of water—can often be more conveniently studied in the
lakes than elsewhere.



262 SEA GRANT COLLEGES

In some senses therefore, the lakes can provide models of oceanic processes—and
they could certainly provide effective training grounds for the young oceanog-
raphers needed to man expanding programs in other regions—but the writer
prefers to emphasize here that the lakes merit study for their own sakes, not only

as sources of new knowledge but also because of their far-reaching impacts on
human affairs—to mention only a few : the interconnected problems of water
pollution and water supply ; shipping and international trade ; recreation ; de-

velopment and fate of fisheries ; local influences on the climate ; and the need for

enlightened conservation of an incomparable natural resource.

It is a truism that better management of any natural system can only be based
on better knowledge of the fundamental principles at work ; and it is here that

universities and research institutes can play a key role. The force of this argu-

ment can, perhaps, be best illustrated by a single example.
At the recent inquiry concerning the city of Chicago's re<iuest for authority

to divert more water from Lake Michigan, it became evident that much more
fundamental knowledge was needed to provide useful predictions of the motion
of water masses within the lake and their influence on pollution dispersal and
quality of water intakes. Arising from this need for fundamental knowledge, a

large-scale program of measurements from anchored buoys was initiated by the

Public Health Service, and is still in progress. Much new knowledge has
emerged, to the interpretation of which the writer believes that his studies of

internal wiaves In Lake Michigan (carried out while acting as visiting professor

at the University of Wisconsin, and as yet largely unpublished) have also made
an essential contribution. This is not the place to describe the pattern of these

large waves discovered at the summer boundary between warm surface water
and cold bottom water—a pattern new to science and associated with remarkable
rotating currents—but this provides a good example of the way in which a prob-

lem tackled for its intrinsic scientific interest can sometimes provide missing

links in the chain of information required for public health engineering or for

conservational management.
The universities must continue to uphold the free pursuit of knowledge for its

own sake ; but they will also not be backward in the application of this knowl-

edge to human needs, and often indeed to local needs. This truism, also, is very

relevant to the problems posed by the Great Lakes, the scale of which is large

enough to call for collaboration between the midwestern universities. The
University of Michigan, with its Great Lakes Research Division, has long been

active in this research field. As a more recent entrant, the University of Wis-
consin, and in particular the University of Wisconsin, Milwaukee, has declared

its hopes and intentions by the establishment at Milwaukee of a Center for

Great Lakes Studies, to initiate postgraduate and interfaculty studies which
will exploit a promising position near the major port. No doubt the University

of Wisconsin has already, through its proper officers, declared itself in favor

of the passage of the National Sea Grant College and Program Act ; it remains
for the undersigned to add his support as director-designate of the Center for

Great Lakes Studies at Milwaukee.

( Signed) C. H. Mortimer, Ph. D., D. Sc, F.R.S.E., F.R.S.

College of New Rochelle,
New Rochelle,N.Y., April 29, 1966.

Hon. Claiborne Pell,
Senate Office Building,
Washington, B.C.

Bear Senator Pell: As president of the College of New Rochelle it is my
pleasure and dutv to write to you concerning the National Sea Grant College

and Program Act of 1965 ( S. 2439)

.

The College of New Rochelle has recently obtained a l-acre island located in

Long Island Sound adjacent to the campus. A two-story block house type
structure is located on the island and will be used as a laboratory to extend our
growing program in marine biology for undergraduate students.

When the college learned of the possibilities available to us under the bill I

was first inclined to request an opportunity to testify before your committee. I

am, however, aware of the many demands placed upon the committee's .schedule

and have decided against such a request.

Senator Pell, please be assured of the enthusiasm of the College of New Rochelle

for your program. The college is very much in sympathy with a program that

will' aid in the development of knowledge of the water that surrounds us and
of those individuals who will explore and study that area.
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Please feel free to call on me for any further information or comment your
committee may require on this matter.

Very sincerely yours,
Mother Mary Robert Falls, O.S.U.,

President.

Duke University Marine Laboratory,
Beaufort, N.C., April 26, 1966.

Senator Claiborne Pell.
Committee on Labor and Public Welfare,
U.S. Senate,
Washington, D.C.

Hon. Senator Pell : Kindly add my endorsement to your proposed bill, S.

2439, "National Sea Grant College and Program Act of 1965." My confidence in

this bill is strengthened by the decisive role to be played by the National Science
Foundation in the administration of the funds.
From the standpoint of marine sciences. I view two aspects of this bill as

healthy and significant. First, is the selection of the National Science Founda-
tion as the administrator. This agency already has proven mechanism for the
evaluation and support of research and training and would not itself compete
for funds. Second, the assurance of continued funding even at a modest level

would allow for the establishment of long-term support of marine sciences within
the framework of evaluation procedures that are also already established and
functioning well.

My personal view of this bill reflects only its present wording and content
and as it now stands I favor it with enthusiasm and trust.

Very truly yours,
Robert J. Menzies,

Program Director.

Prepared Statement of Harold Howe II, Commissioner of Education, U.S.
Department of Health, Education, and Welfare

It is a pleasure to submit to the Special Subcommittee on Sea Grant Colleges
a statement concerning the great untapped land and water resource of marine
science.

As always, the Federal Government maintains its firm commitment to the de-
velopment of natural resources.
You may recall the quotation from Daniel Webster which is located directly

over the Speaker's rostrum in the House

:

"Let us develop the resources of our land, call forth its powers, build up its

Institutions, promote all its great interests and see whether we also in our day
and generation may not perform something worthy to be remembered."

I am pleased to comment on the National Sea Grant College and Program Act
of 1965, a bill which is designed to develop the resources of marine sciences
through the building up of our Institutions of higher education, promoting all
our interests.

S. 24.39 would amend the National Science Foundation Act of 1950 to authorize
the establishment and operation of a program of support for education, train-
ing, research, dissemination of research findings, and advisory services in the
areas of marine resources.

Clearly this bill has been introduced with the realization that marine re-
sources constitute a great potential asset for the Nation, that it is in our national
interest to develop and utilize increasing facilities and increasing student en-
rollment for these resources, and that aquaculture, like agriculture, can pro-
vide unlimited economic benefits to the Nation.
The sea grant college bill would encourage the development of regional cen-

ters of excellence, with increased assistance to established institutions with exist-
ing and potential facilities. The funding of S. 24,39 is proposed to be derived from
10 percent of the bonuses, rentals, royalties, etc., from leases of Outer Con-
tinental land, available only for appropriations to the National Science Founda-
tion for programs with marine sciences. Further the Foundation would have
the authority to enter into contracts with institutions which seek to participate
in the sea grant college programs.

I would submit that the contribution of the sea grant college concept is en-
tirely consistent with the public service goals of hiuher education, for the last
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frontiers of our Nation—the Continental Shelf of the United States, the Great
Lakes, the oceans—may hold the answers to such prohlems as food sources, fresh

water, and mineral resources. Indeed, the field of marine science extends far

beyond the academic sphere.
The Federal Government has already made some commitments to the field

of marine education and oceanography. The George-Barden Act of 1946, with
subsequent amendments, provides funds for training students in sxjecific areas
of the fishing trades, as well as in agriculture and other trades. Also, the Gradu-
ate school of the U.S. Department of Agriculture offers nine courses in oceanog-

raphy for Federal employees. Such efforts provide a beginning structure to

elevate the importance of marine science and to implement the concept of a sea

grant college. Further, many bills have been introduced in Congress providing
Federal assistance to the field of marine sciences, indicating the concern and
interest of many of our legislators.

Within the Federal Government, the study of oceanography has been sup-

ported by the Office of Naval Research, the National Science Foundation, the
Bureau of Commercial Fisheries, the Geological Survey, the Public Health
Service, the Atomic Energy Commission and others.

However, in spite of these Federal programs, there is a need for further
development of courses of study and research capabilities in the area of the
marine sciences. Federal assistance to colleges desiring to develop programs
of study in this area would do much to bring about a wider distribution of re-

search and learning opportunities throughout the country.
Seven years ago the National Academy of Sciences-National Research Coun-

cil Committee on Oceanography strongly recommended that universities and other
institutions take an active part in the recommended programs of expansion of

marine science. There are indications that substantial increases in research in

this area would be beneficial.

Dean Athelstan Spilhaus first suggested publicly the concept of a sea grant
college in 1963, while he was serving as Chairman of the Committee on Ocean-
ography of the National Academy of Sciences-National Research Council.

Subsequently this legislation to establish sea grant colleges was introduced.

Shortly thereafter, the University of Rhode Island and the Southern New Eng-
land Marine Science Association sponsored a conference to examine the concept.

Viable grant programs can and should be based upon searching investigation

and continuing research. The comprehensive analysis prepared by the Rhode
Island conference, which supplements the sea grant college bill, is strikingly

indicative of the professional preparation which has always preceded successful

programs.
This scholarly conference discovered that to fulfill our commitments to the

sea we must have university and college programs of study and research which
focus on the sea. These programs must concentrate all of our intellectual disci-

plines on the mastery, exploration, and preservation of the sea. The National

Science Foundation is one of the original members of, and an active partici-

pant in, the Interagency Committee on Oceanography. This indicates the con-

tinuous and dedicated efforts of the Foundation in this sphere. Further indi-

cations are the countless research grants from the Foundation to higher educa-

tion for oceanographic studies.

In spite of our favorable attitude toward the purpose of this legislation, I

would express some reservations concerning the proposal as it now stands.

First, since it is proposed that the program be a continuing one with long-

term commitments to and relationships with institutions of higher education,

the administering agency should be given a fiiller expression of congressional

intent. S. 2439, although it does provide enough authority, does not provide

much in the way of guidelines as to the specific objectives of the program.
Second, there is no question as to the excellent reputation of the National

Science Foundation for contributions to scientific advancement in a great many
areas which involve our national interest and our future goals. However, it

should be pointed out that the approach of this bill is one of continuing pro-

gram support in contrast to the primarily research-oriented National Science

Foundation pro.iects such as the present support of oceanographic undertakings

in some 18 institutions of higher learning.

Third, concerning the proposed funding procedure, we feel that the needs

for an educational support program should be assessed in specific dollar terms

rather than being tied to a percentage of revenue as proposed in the present bill.

There is no indication that the revenues from offshore activities has a fixed re-

lationship with research or educational need.
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In conclusion, there remains unexploited opportunities in the development

of our marine environment, even though a number of programs aje underway
and much legislation and many recommendations are still pending. The intro-

duction of a grant program in this area would be a significant step in the

direction of the fullest development of the potential assets of that environment.

The modern university with a broad based and balanced educational program
would be the ideal place to implement the new concepts in this relatively new
scientific area.

It is indeed encouraging to observe the diligent efforts of this committee in

critically examining the great potential which the sea grant college concept

may offer. We in the Office of Education are vitally concerned with activi-

ties which affect and shape this Nation's institutions of higher education.

There is certainly no question that this area of concern will increase in impor-

tance in future years, and that we must begin to anticipate the problems and

to seek solutions now.

Prepared STATEitExx of Gardner A. Caverly. Executive Vice President, New
England Council for Economic Research and Development

This statement is written on behalf of the New England Council in support of

S. 24.39. tJie proposed "National Sea Grant College and Program Act of 1965"

which is presently pending before the Special Subcommittee on Sea Grant

Colleges.
As you may know, the New England Council is a private non-profit organiza-

tion with a broadly representative membership interested in the sound economic

development of the New England region. As a consequence, The Council is

particularly interested in legislation which would strengthen the marine
sciences.

Because of its location on the coast of the Atlantic Ocean, the New England
region has long relied on utilization of its marine resources as an imixtrtant

part of its economy. This dependency has by no means been a static process.

The history of fishing industy in New England provides an example of why
a program is needed to stimulate the developmen,t of the marine sciences gen-

erally. New Bedford. Massachusetts, which now is a site for an outstanding

whaling museum wliich attracts tourists and natives alike to view a significant

era in the history of the United States and the New England region, symbolizes

how time has changed the fishing industry. Today the Port of Bedford takes

in over three-quarters of the scallop catch in the United States worth approxi-
mately .$7 million. In addition to scallops. New England's fishing industry

is principally based upon groundfish, shellfish and "industrial" fish to be used
for meal, fertilizer and other non-food uses. Atlantic Coast tunafish, sword-
fish and off-shore lobster are new areas which hold further promise.

Significant change has taken place not only in what is collected from the
seas, but how the products of the sea are handled once they reach port. Fish
products are delivered to processors—to freezers—canners, and others, who
transform fish into a food of convenience for the consumer. This industry earns
New England more than $20 million a year.
The market for New England's fishing products has been good in recent years.

However, there is a problem in relation to the American and New England share
of the world market. At present. United States fisheries can only meet a
portion of the nation's fish requirements and there is an increasing need to im-
prove the American and New England fishermen's share of the world and the
American market. The trends are not altogether optimistic—shorta.ges of
certain fish products in great demand plague the industry. In addition, modern
technology requires far greater capital expenditures on etpiipment and techniques
to compete successfully than was true in the past. There is a continuing
problem of taking effective advantage of modern technology. There is a fur-
ther problem of manjwwer needs going unfilled. Not only do we need ways to
improve the quality of the equipment and the fleet, but there is a real nee<i
to atti-act interested and competent persons into trades based upon ocean re-
.sources. Other countries with superior equipment and manpower are winning
this economic race.

The fact is that the United States has not only lagged in developing its fishing
industry, but also many other opportunities presented by the oceans. We need
to find improved ways to make use of the ocean's vast and virtually untouched
resources. The idea of establishing a sea grant college program is a creative
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innovation wliich we believe can make a signiiicant contribution toward develop-

ing this aspect of our economy.
We would like to emphasize the great desirability of providing as the bill

would do, authority to expand practical education in the marine sciences, bridge

the gap between basic research and applied research in the marine sciences,

<Jisseminate useful information to those who can best put it to practical use,

develop the continental shelf and provide a special method of financing, consist-

ing of 10% of all royalties, rentals and other sums that are paid to the Govern-
ment for the use of the continental shelf. It should be noted that grants could

be given not only to educational institutions, but to any public or private

agency including foundations, laboratories, corporations or even groups of in-

dividuals which desire to operate a program under the provisions of this bill.

This broad involvement of public and private persons in developing our marine
resources is essential.

One further aspect of the program should be stressed. As we understand it,

regional centers in the marine science field could be encouraged and expanded
under the bill. In New England, we attach great importance to opportunities for

regional cooperation. The New England region has moved in many areas to

create cooperative arrangements to take advantage of new opportunities. Re-
cently there has been authorized an agreement of cooperation for the joint ex-

ploration and exploitation of programs in hydrospace by New Hampshire and
Maine. In this connection, a Council composed of six members from each States

has been established. This is just one sign of the real interest of the region in

finding organizational forms and new programs which can assist in utilizing the

vast resources of the sea.

S. 2439 should make a significant contribution to a broad national effort to

upgrade programs relating to marine sciences.

Prepared Statement of J. Lamar Worzel, Professor of Geology, Columbia
University, and Associate Director, Lamont Geological Observatory of
Columbia University, Palisades, N.Y.

Mr. Chairman, Members of the subcommittee : I am honored to have the oppor-
tunity to comment on S-2439, the Bill proposing the establishment of National
Sea Grant Colleges. First of all, I would like to mention that my colleague, Dr.
Maurice Ewing, would have liked to testify before the committee but could not do
so because he was at that time and is now working at sea on board our research
vessel VEMA.

I congratulate Senator Pell and the other members of that committee for their

foresight in seeking to stimulate the marine sciences and their exploitation for

the good of the people of the United States and the world by means which paral-

lel the establishment of the land grant colleges, which did so much for this

country a century ago.
We are still a long way from having a thorough knowledge of the oceans and, in

my opinion, it will take many years of further study to take full advantage of the

opportunity we have in oceanographic research to unravel the puzzles about
how the earth was originally formed and its history since that time. The oppor-

tunities to use the oceans efficiently for the production of food and depleted

natural resources are self-evident, but no less important for this fact.

The National Science Foundation seems to me to be a very suitable agency
through which to channel the funds obtained from rents and royalties paid to

the Federal governments for use of the continental shelf to those agencies and
institutions concerned with the marine sciences. I would suggest that the

Foundation establish some means for deciding on the merit of proposals made
for sea grant funds, making use of members of the scientific community and
representatives of the Federal agencies to which oceanographic research is

vital. Several of these agencies, notably the Office of Naval Research, the

Bureau of Ships and the Atomic Energy Commission have had long experience

in funding research at non-governmental institutions and I believe that they
should continue to play a leading part in allocating Federal funds for ocean-

ographic research.
We welcome the inclusion in the definition of the term "marine sciences"

of the broad range of fields which are vitally affected by the marine sciences.

We at Columbia University's Lament Geological Observatory will continue

to follow with interest the progress of the concept of sea grant universities and
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we wish to extend our congratulations to those senators who have had the

wisdom and imagination to seeli practical means by which to allow mankind to.

make practical uses of the great resources of the oceans.

Prepared Statement of Edwin A. Link, Link Group, General Precision, Inc.,

BiNGHAMTON, N.Y.

Thank you. Senator Pell, for your invitation to testify and comment on the

pending bill for Sea Grant Colleges.

My experience with the Deep Submergence Review Group of the U.S. Navy
and my research work on the Man-in-the-Sea program of deep diving and living

at great depths have certainly emphasized the need of having qualified youth
understand the problems and environment of the oceans, which at present is

lacking particularly in ocean engineering.

I have been working with Florida Atlantic University which is the first uni-

versity, I believe, to establish an Ocean Engineering course. Also through the

Link Foundation, which I established some years ago, we have given them, and
others, grants for students in ocean engineering and development of curriculum.

At present I am engaged with the research vessel Sea Diver in developing

deep diving systems and have taken on board at my own expense two senior

students of Florida Atlantic to give them actual ocean engineering experience,

so bad is the need for these trained young men. and because of the almost com-
plete lack of any available training at the present time.

With this backgi-ound of experience and knowledge of the necessity I hope
that Sea Grant Colleges will be established to fill this vacuum.

New York, N.Y., May 11, 1966.

Senator Claiborne Pell.
Committee on Labor and Public Welfare,
U.S. Senate, Washington, D.C.

Dear Senator Pell : The wide range of activities that may be grouped under
the general heading of oceanology includes many areas where pure research may
be delayed for lack of the techniques and equipment necessary to carry on such
programs. It may well be the case, therefore, that in this emerging science the

development of techniques and equipment will have to precede basic research

rather than the reverse, which is contrary to the classic relationship. Con-
sequently, it is gratifying to note that the proposed bill S. 2439, the National Sea
Grant College and Program Act of 1965 takes cognizance of this fact under sec-

tion 2(d) (2) which states that the Federal Government should support sea grant
colleges and programs by "initiating and supporting necessary research and
development programs in the marine sciences resulting in the acquisition of

knowledge of a direct and practical nature, with preference given to programs
that translate the findings of basic research to practices, techniques, and equip-

ment applicable to the marine sciences."

Similarly, the proposed amendment to the National Science Foundation Act of

1950 (42 LT.S.C. 1861 et seq.) contained in section 3(c) appears to be well advised
in proposing that

:

"'(c) Programs to carry out the purposes of section 3(a) (10) shall be ac-

complished through contracts with, or grants to, suitable public or private agen-
cies, public or private institutions of higher learning, museums, foundations,
industries, laboratories, corporations, organizations, or groups of individuals,

which are engaged in, or concerned with, activities in the marine sciences, for
the establishment and operation by them of such programs.' "

I believe that the legislation proposed by S. 2439, and especially those sections
cited above, could materially increase the rate of development of oceanology
in the United States.

With every good wish for your success, I am,
Sincerely,

Peter R. Gimbel.
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Great Lakes Commission,
Ann Arbor, Mich., April 12, 1966.

Hon. Claiborne Pell,

Old Senate Office Building,
Washington, D.C.

Dear Senator Pell : The Great Lakes Commission has authorized me to

express the commission's endorsement of Senate bill S. 2439, which would
authorize the creation of sea grant colleges, with the provisions that the bill

should be amended or include provisions to limit the number of institutions

participating to those that have a bona fide interest in the marine environment
geographically and historically ; that nonduplication of effort in research and
training be stressed; and that section 2(d)(5) be emphasized: the regional

"centers of excellence."

The Great Lakes Commission is convinced of the great importance of the need
for study and development of the marine environment, and believes that much
of the future wealth and resources of the globe will accrue from these marine
areas.

It is our pleasure to furnish our comments and statement of position. We hope
jou may see fit to consider them favorably.

Sincerely yours,
Leonard J. Goodsell,

Executive Director.

Institute of Science and Technology,
The University of Michigan,

Ann Ai-hor, Mich., April 26, 1966.

Hon. Claiborne Pell,
Com/mittee on Labor and Public Welfare,

U.S. Senate, Washington, D.C.

Dear Senator Pell: Thank you for your invitation to comment on the bill

S. 2439, National Sea Grant College and Program Act of 1965. You are to be

commended for foresight in developing plans for effective utilization of the

world's marine resources.

There has been a longstanding need for a feasible plan for man's complete

utilization of the ocean's tremendous resources. Such a plan should encompass

the harvesting and management of all usable products, the understanding of the

ocean's characteristics, processes, and phenomena and their potential application

to man's welfare, and the ultimate occupancy of the ocean as a place for man
to live and enjoy. The plan must necessarily be imaginative, daring, long

ranged, and designed to obtain and apply scientific knowledge and technology to

all aspects of the marine environment. The concept of the sea grant college

could well be the basis for such a plan.

The sea grant college concept should parallel in practice the land-grant college

concept only in principle, not in detail. Sea grant colleges should be established

first in educational institutions with established records of accomplishment in

the marine sciences and have the potential for a strong program in ocean engi-

neering. A sea grant college should have a program involving the totality of

the sea, encompassing education and training, research, and resources exploita-

tion. It should involve the natural and social sciences, the arts, law, planning,

and engineering. As the program progresses, institutions may be established

to meet special needs, but the educational Institution should always remain the

core of the program.
The role of the Great Lakes in the development and promotion of the sea

grant college concept is an important one

:

1. These mesoscale water bodies, possessing both oceanic and lacustrine char-

acteristics, are uniquely suited as models or laboratory-sized oceans for the

study of a great variety of scientific and engineering problems of interest to

marine scientists. Evident examples are studies of air-water interaction phe-

nomena and developmental aspects of the "man in sea" project.

2. Absence of salinity, of heavy biological fouling, and of wood-boring orga-

nisms makes the Great Lakes excellent test sites in which the operating principles

of new instrumentation can be tested without the necessity for expensive pro-

tection against corrosion, electrolysis, fouling, or borers.

3. Within the Great Lakes basin is a unique complex of institutions of higher

education, possessing a large reservoir of scientists and engineers, and the capa-
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bilities of directing their vast educational, scientific and technological compe-
tence to tlie solution of regional and national problems. Many of these institu-

tions have strong programs in the aquatic sciences, and several are pursuing
active research and student training programs on the Great Lakes and the
oceans.

I wish you success in the enactment of this bill and greatly appreciate the
opportunity to express my views.

Sincerely,
David O. Chandler,

Director, Great Lakes Research Division.

West Covina. Calif.,

May 11, 1966.

Hon. Claiborne Pell,
Senator from Rhode Island,

325 Old Senate Office Building, Washington, D.C.

Re Bill S. 2439.

Dear Sir: I was delighted to answer Senator Murphy's inquiry of April 22,

asking for an evaluation of your bill, S. 2439, and to discuss with him its merits.

The United States urgently needs a legislative foundation to focus attention on
and give support to the three programs you identified when you introduced the
referenced bill. These are

:

Program 1 : Make funds "available to colleges and universities for the purpose
of expanding practical education in the marine sciences." (I interpret "marine
sciences" to include the "field of oceanics.")

Program 2 : Make funds available for the "purpose of supporting research that
will lead to a direct and practical nature in the marine sciences."

Program 3: Make funds available for the purpose of establishing a "system of
extension services to bring the latest developments in the marine sciences to the
attention of workers in the field, scientists, and the interested public."

Several times you asked witnesses if the Smithsonian Institution would be an
appropriate administrator for the effort described in bill S. 2439.

Because of the importance of all three oceanic programs of this legislation,

and because of the statements made during the hearings of May 5, 6, and 7, 1966,
I believe that the Smithsonian is by far the best selection as administrators and
that an amendment to the bill is appropriate.
The Smithsonian, under the first Secretary, was the parent of the U.S. Weather

Bureau. Under the second Secretary it was the parent of the Fish Commission.
It was also the parent of the National Advisory Committee for Aeronautics.
The Smithsonian is "an establishment for the increase and diifusion of knowl-
edge among men." It has the experience from its Editorial and Publications
Division to disseminate a steady flow of knowledge resulting from research.
Another reason for selecting the Smithsonian is their Board of Regents com-

posed of the Vice President of the United States, the Chief .Justice, three Senators,
three Representatives, and six private citizens. It seems necessary that a major
oceanic grant such as a national sea gx*ant college should be approved by the
highly qualified "proposal approval board." The Smithsonian Institution's Board
of Regents is exactly such a body.

I discussed briefly with Dr. I. E. Wallen, Smithsonian's representative to the
Interagency Committee of Oceanography, the feasibility of creating an Oceanics
Bureau within the Smithsonian to : administer bill S. 2439 ;

prepare and admin-
istration plan for the effort ; and establish an oceanic data bank to collect and
disseminate oceanic-type data generated by the recipients of the grants. He
stated, as did Dr. Galler to you on May 3. that it is necessary for the Smith-
sonian Board of Reegnts to approve such an undertaking, but that it was certainly
within the scope and philosophy to perform this task. Dr. S. Dillon Ripley's
.statement delivered by Dr. Galler specifies the keen interest the Smithsonian has
in Oceanian items and the importance it places on your bill.

Finally, I believe you should require that an administrative plan should be
prepared and approved prior to any institute or agency starting administration
of the effort identified in your bill.

Very truly yours,
William A. Lobran.
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The Makine Digest,
Seattle, Wash., April 28, 19G6.

Senator Claibobne Peix,
Committee on Labor and Public Welfare,
U.S. Senate, Washington, B.C.

Dear Senator Pell : For the hearing record, may we express our complete
support and endorsement of the general purposes of the legislation proposed by
you in your bill to establish sea grant colleges.

The demands for trained people to serve in oceanography, the development of

which is a vital U.S. need, almost dictates the necessity for passage of the sea

grant educational concept.
Sincerely yours,

John M. Haydon,
Vice-Chairman, Pvget Sound Oceanography Study Comtnittee.

Marine Technology Society,
Washington, B.C., April 26, 1966.

Hon. Claiborne Pell,
U.S. Senate,
Comni ittee on Labor and Public Welfare,
Washington, B.C.

My Dear Senator Pell : Thank you for your letter of April 22, and the oppor-

tunity to comment on S. 2439, which you kindly enclosed.

I believe S. 2439 is a positive step toward the development of a strong national

capability to understand the oceans, including the Great Lakes, and lay the

foundation of knowledge for their intelligent utilization for the benefit of all

mankind.
In the last century our forefathers' creation of land grant colleges laid the

foundation for U.S. leadership in development of agricultural sciences. The
agricultural achievements that have taken place in the United States during

the past 100 years have proven to be a blessing not only to our own country but

to the entire world.
At this time, when the world's need for food and other raw material is explod-

ing, man must look to the sea for solutions of tomorrow's as well as today's

problems. It is encouraging to see U.S. leadership again assert itself in positive

steps envisioned in S. 2439 to encourage the growth of understanding necessary

for wise and eflScient utilization of the oceans.

S. 2439 recognizes the extent to which the funds to support ocean development

are already flowing into the National Treasury as a result of offshore leases.

The self-supporting provisions set forth in section 3 of S. 2439 are sound and most

encouraging.
I believe S. 2439 will become one of the foundation stones upon which the United

States will build a strong national ocean program which will benefit this

generation and those to come. I hope the Congress will enact S. 2439 into law
during this session.

Thank you again Senator Pell for the opportunity to comment on S. 2439 and for

the splendid leadership you are giving to the development of a strong national

ocean program.
Sincerely,

E. C. Stephan.
Rear Admiral, U.S.N. {Retired) , President.

National Canners Association,
Washi/ngton, B.C., May 9. 1966.

Hon. Claiborne Pell.
Chairman, Special Subcommittee on Sea Grant Colleges, Committee on Labor

and Public Welfare, U.S. Senate, Washington, B.C.

Dear Senator Pell : iWe would like to express, for the record, our support for

the objectives of S. 2439, the National Sea Grant College Act. We commend your

efforts and the recent hearings of the Special Subcommittee on Sea Grant Colleges,

for focusing congressional and public attention on the vital need for a broad

program of marine science education in our colleges and universities.
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The commercial fishing indnstrv in this country has long been aware of the

practical benefits, in terms of increased harvest and more effective conservation
of fishery resources, which could result from increased knowledge of the oceans
and their living resources. The United States has been unfortunately slow to

recognize the true significance of the world's ocean resources and the importance
of basic research and educational programs in the marine sciences.

We have been pleased to note increased congressional awareness of the impor-
tance of the marine sciences, as evidenced by the introduction of a number of
bills and the extensive House and Senate hearings on this subject during the last

session of Congress, culminating In passage of S. 944, "The Marine Resources
and Engineering Development Act," which is currently in conference.

We strongly believe that if the United States is ever t-o regain her traditional

place of eminence among the world's fishing nations, the marine sciences must be
as integral a part of our educational system as the agricultural and space sciences.

The establishment of a sea grant college program would seem a logical and neces-

sary step in this direction.

Sincerely yours,
RoxALn W. De Lucien,

Director, Fishery Products Program.

National Education Association,
Washington, D.C., May 6, 1966.

Hon. Claiborne Pell,
Old Senate Office Building,
Washington, B.C.

Dear Senator Pell : Dr. William G. Carr, executive secretary of the National
Education Association, has requested that I reply to your letter requesting com-
ments on S. 2439, the "National Sea Grant College and Program Act of 196.5."

In general, we would support such a proposal as S. 24.39, and commend you
for your farsightedness in introducing such a bill. The statements in section 2,

"Declaration of Purpose" express our views very well, and we concur with them
completely.

Section 3(b) causes us some concern. We are in support of the proposal, first

advanced by Senator Lister Hill in the lf>40's, for earmarking Federal income
from bonuses, royalties, and leases on ofi'shore lands for education. More re-

cently. Senator Paul Douglas has proposed that such income be earmarked for
payment of the national debt. We note that S. 2439 proposes setting aside 10
percent of such income for the purposes of this bill. Insofar as your proposal
does not conflict with the objectives of the others, we would support it. If such
earmarking is to be made, we suggest rewording the last three lines of section

3(b) (lines 22-24) to read "* * * in a special account in the Treasury to be
available (only) for appropriations to the Foundation, which are hereby author-
ized, to carry out only the purposes of section 3(a) ( 10 )

."

We also strongly urge that the new section 18(c) be amended to insert the
word "nonprofit" in line 15 after the word "private" in both instances to read
"grants to suitable public or private nonprofit institutions, etc." Similarly, on
page 7, subsection (3) , line 10, the definition of "sea grant college" should include
the word "nonprofit" after the word "private."

The education community is becoming increasingly concerned with the weak-
ening of the proper educational functions of public and other nonprofit institu-

tions by the invasion of private profiitmaking interests into the field of Govern-
ment tax-supported re.search and education.

Since the proposal for sea grant colleges is a new one, we feel strongly that the
opportunity provided in this bill should be confined to the public and private non-
profit institutions. If. after a reasonable length of time, they prove to be un-
equal to the task—and we do not feel this will be the case—then subsequent
amendments could be considered. However, the establishment of sea grant col-

leges can potentially be as great a step forward as the establishment of land-
grant colleges a century ago. We believe that such a resource, if developed as
you propose from public funds, should be protected from the special interests of
profitmaking agencies.

With these re.servations in mind, we, in general, support the proposal to

establish sea grant colleges and commend you for your creative idea.

I will be happy to discuss our views with you further if you wish.

Sincerely,
John M. Lumley,

Director, Division of Federal Relations.

62-996—6(5 19
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Ocean Science & Engineering, Inc.,

Washinffton, B.C., May 7, 1966.

Senator Claiborne Pell,
U.S. Senate, Washinffton, B.C.

DE.'Ut Senator Pell : This is in answer to your request of April 22 for my views
on S. 2439. I am sorry that I have not had time to think through the implica-

tions of your bill which may be far reaching and important in the development
of ocean science. Therefore, I will discuss only a few points rather than the

broad issues.

Generally it is believed that oceanic work will develop rapidly in the next few-

years and it is entirely proper that the Federal Government should support pro-

grams intended to develop new knowledge and to train people. I think that

no one will disagree with that idea ; although arguments will arise as to exactly

how this should be done. On page 3, line 7, it is suggested that the Federal
Government, presumably through the National Science Foimdation, "give pref-

erence to programs that translate the findings of basic research into practice."

In that phrase, you have run head on into the aims and objectives of this com-
pany. It is entirely proper that the Federal Government do the basic research

and perhaps do some things which might be termed practical research. How-
ever, the translation of these into commercial practices and useable tools is a
function which can better be performed by companies such as ours.

I am a little uneasy at the idea that much of this program will be carried

out under the National Science Foundation. From Government-organizational
point of view, I suppose that is the proper agency to do the job. However, the

past record of the National Science Foundation in dealing with engineering at

sea and ship operations has not been good and has been notably subject to

political pressures. In carrying through with this work, I think it would be well

if you and other senior legislators would try to find time to review the actual

operations under the law to see that they conform to the objectives which
the Congress has in mind.

Yours truly,
Willard Bascom,

President.

Oregon State University,
School of Agriculture and Agricultural Experiment Station,

Corvallis, Oreg., April 26, 1966.

Hon. Wayne Morse,
U.S. Senate,
Seriate Office Building,
Washington, B.C.

Dear Senator Morse : In view of your demonstrated interest In Oregon's
fisheries, I am providing you with the enclosed statement on the National Sea
Grant College and Program Act of 1965 ( S. 2439, 89th Cong. ) . This was prepared
by a group of biologists at Oregon State University, who are named on the last

page of the statement.
There is a critical need for financial support for marine biological research. To

my mind, this need is brought into sharp relief by the presence of the Russian
fleet presently exploiting the fishery resource off the Oregon coast. For, as a
consequence of inadequate funds to support basic research on fishes of the sea, we
are not prepared to engage in effective discussion wdth foreign powers for the

purpose of establishing a sound treaty to conserve our marine fishery. The
Russians may know more about some segments of our fishery resource than we
know ourselves.
We are concerned about whether the National Science Foundation is the best

choice of agencies for administration of the National Sea Grant College and
Program Act of 1965, because it has a well-established policy of nonsupport
to research with any visible applied values. This policy would be in direct con-

flict with the intent of the proposed sea grant colleges and programs.
Oregon State University, with its new marine science center, would be well

situated for initiating and developing the basic research and extension programs
envisioned by the act.

Respectfully yours,
Thomas G. Scott,

Head, Department of Fisheries and Wildlife.
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A Statement on the National Sea Grant College and Program Act of 1965
(S. 2439, 89th Cong.)

This is an expression of views supporting the biological sciences aspects of the
sea grant colleges and programs as proposed in the National Sea Grant College

and Program Act of 1965

:

1. WHT SHOULD SEA GRANT COLLEGES AND PROGRAMS BE ESTABLISHED?

A. The orderly development and exploitation of marine resources is essential

to the world's resource demands of the future. The value of the materials and
commodities presently obtained from marine sources can be used only as a very
conservative index of the potential value of the resource. The problem is not a
lack of resources but a need to identify and locate the stocks of useful items and
to develop techniques for their harvest. It is well established that there are
large untapped fisheries off the coast of the United States. The U.S. catch in

1963 was approximately 4.8 billion pounds of all species of fish, while a recent con-
servative estimate places the potential catch in the vicinity of 20 billion pounds
(McKernan, D. L., 1965, ''The Fish Boat." H. L. Peace Publishers, New Orleans,

pp. 14-15).
B. Deveopment of aquaculture will benefit the United States as well as other

countries and enhance the position of the United States as a producer of food for
worldwide consumption. Decline of the ability of the United States to compete in

harvesting the marine fishery has resulted in a drop from second to fifth place in

world production between 1948 and 1963. During this interval America's con-
tribution to the world catch decreased from 12.4 to 5.8 percent. From 1949 to

1963 our imports rose from 20 to 59 percent of the U.S. market for fish (anony-
mous). 1965. "The Fish Boat," H. L. Peace Publishers, New Orleans, pp. 29-.52).

From these data, it may be inferred that the United States has entered the world
market in comi>etition with countries less able to produce their own supplies of
scarce protein.

C. The gap between basic and applied marine research must be narrowed. Any
discussion of this topic must include recognition of the substantial deficiencies

which exist in our store of basic information on biological, marine resources.
Equally critical is the need for application of existing knowledge. Secretary
Stewart L. Udall, U.S. Department of the Interior, has summed up the problem

:

"Clearly what is missing is application of the results of our research scientists

to the technological problems of our fishing industry. The problem is to bridge,
on a continuing basis, the gap between the basic and the applied. The fisherman
requires more widespread application of advanced location devices and the devel-
opment of new ones. He needs strategic information, the kind that can be
derived from analysis and dissemination of the latest available information on
ocean currents and water temperatures so that he can proceed with a minimum
of delay to the ocean areas most likely to yield an abundance of fish of the kind
he is seeking. He likewise needs the most economical means of preserving the
catch against deterioration between the sea and the consumer" (Udall, 1965,
Fishing Gazette, Fishing Gazette Publishing Co., New York, p. 10) . The commer-
cial fisherman needs to be continually informed on matters that will make it

possible for him to become a more efficient fisherman, and thereby improve the
economic status of the fishing industry as well as his own standard of living. The
industry engaged in processing fishery resources also needs to be responsive to
advances in food technology. In a sense, a gap also exists between basic knowl-
edge and its application when a renewable marine resource goes to waste for lack
of markets.

D. It is imperative to the well-being of the United States that knowledge of the
marine resources off our shores be expanded and refined. How can we hold
intelligent discussions with foreign powers aimed at the signing of treaties for
the conservation of fishery resources if we do not have information on the species
present and on their populations, rates of production, and requirements'? It
would not be surprising to learn that some foreign countries-—Russia, for ex-
ample— might be better informed on some of our fishery resources than we are.

2. WHAT WILL HAPPEN IN THE ABSENCE OF ORDERLY DEVELOPMENT AND
INTBXLIGENT MANAGEMENT OF MARINE RESOURCES

A. Many potentially valuable marine resources will remain unrecognized and,
therefore, unexploited.
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B. Human activities such as pollution, excessive exploitation, and destruction

of productive areas by activities unrelated to exploitation may endanger the con-

tinued well-being of these resources, possibly even without our being sufficiently

informed to know what is happening.
C. Unplanned and uncontrolled exploitation of marine resources will result in

ineffective exploitation, including damage to or loss of the resources.

D. The United States will become increasingly dependent on outside sources of

supply for marine products which are potentially available to us off our own
shores.

E. Failure to develop economically feasible methods of exploiting fishery re-

sources off our own coasts will cause the United States to import fishery products

for which less fortunate nations may have a critical need.

F. Incomplete and faulty information on fishery resources off our coasts will

leave us in an imtenable position in discussions with foreign powers exploiting

fishery resources off our shores.

3. WHAT THE BILL MUST PROVIDE

Adequate financial support to initiate and develop basic and applied research

programs and training programs in the marine sciences, and initiation and de-

velopment of programs of education to make the results of research available to

those engaged in harvesting these marine resources.

4. EXAMPLES OF BESEIARCH WHICH SHOULD BE SUPPOETED BY THE BILL

Preparation for rational exploitation of the natural resources of the sea must
be based on a sound understanding of the resources. Basic to management pro-

grams is knowledge in the following areas

:

A. Inventory

:

(1) Survey.—What is there?

(2) Distribution.—Where are these marine resources in both time and
space?

(3) Stcmding crop.—What is the magnitude of the resource?

(4) Rate of renewal.—How heavily can the resource be exploited through
aquaculture?

B. Requirements for Management

:

(1) Determination of conditions necessary for optimal production and
yield.

(2) Manipulation of resources to obtain optimal yield.

(3) Experimentation with artificial measures for augmenting the natural
production through aquaculture.

(4) Evaluation of the effects of human activities on the well-being of the
resource.

6. KESULTS TO BE EXPECTED FROM THE NATIONAL SEA GRANT COLLEGE AND PROGRAM
ACT OF 1965

A. Development of adequate information for judging the total potential of

marine resources. The scientific community can, at present, provide only a very
imperfect inventory of the kinds and numbers of organisms (plants and animals)
to be found in marine waters and of their distribution.

B. Provision of information concerning the natural interrelationships of

organisms composing the marine communities.
C. Establishment of requirements for the protection of the resources located

in the intertidal and upper sublittoral areas surrounding oceanic basins that are
most vulnerable to damage by human activities by improper exploitation because
of their accessibility. These areas also are biologically the most productive of

all marine environments.
D. Translating the basic information into a program of training operations for

the business of harvesting the resources in a responsible fashion.

6. WHAT ACADEMIC INSTITUTIONS ABE BEST SUITED TO DEVELOP A COMPLETE PROGRAM 7

A. Land-grant colleges and universities have a framework in their schools of

agriculture, engineering, science, and in their extension services for initiating

and developing basic research programs, applied research programs relating to

management and harvesting practices, and programs of scientific training and
public education.
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B. Some of these institutions already have excellent facilities for research,
training, and educational programs in the marine sciences, which, with addition-
al financial support could serve the purpose for which this bill is intended.

Thomas G. Scott, Ph. D., head, Department of Fisheries and Wildlife

;

Oarl E. Bond, Ph. D., professor, Department of Fisheries and
Wildlife ; Peter Dondoroff, Ph. D., professor. Department of Fish-
eries and Wildlife; Howard Horton, Ph. D., associate professor,
Department of Fisheries and Wildlife ; Raymond E. Millemann,
Ph. D., associate professor. Department of Fisheries and Wild-
life; Harry Phinney, Ph. D., professor. Department of Botany;
and Charles E. Warren, Ph. D., professor. Department of Fish-
eries and Wildlife.

Raytheon Co.,

Submarine Signal Division,
Newport, R.I., May 3, 1966.

Hon. Claiborne Pell,
U.S. Senate,
Washington, D.C.

Dear Senator : I would like to offer my full support for early passage of the
national sea grant college and program bill (S. 2439) which you have sponsored
and is now under consideration by your subcommittee.
There is no field for scientific progress and engineering development more criti-

cal than oceanology to the future of industry represented in this division of
Raytheon Co. Vastly greater knowledge of ocean phenomena and more reliable
means for their exploitation are requirements which daily command our atten-
tion in efforts to meet the needs of defense and commerce as well as those for
scientific exporation itself. It is equally apparent that progress commensurate
with the need and the intellectual potential of this country is not being made.

It is continually more difficult to obtain scientific and engineering personnel
with skills disciplined to handle problems peculiar to the ocean environment.
More importantly, the fund of knowledge available to them in the scientific and
technical community at large is not adequate to the size or complexity of their
tasks. Government and private investment in the material means to achieve
progress will become increasingly restricted in proper application, if the sources
of trained manpower are not expanded.

I believe that the proposed legislation for sea grant colleges is the most
rational approach to give early and continuing relief to the problem. It will
build upon a well-established educational foundation to preserve the inter-
relationships which should exist among the many disciplines needed for ocean
science and engineering and to expand exi>erimental facilities for timely ap-
plication of research findings. Not only will the products of these institu-
tions add to the vitality of our industry, but, as has been the experience of
this division, industry can bring to their facilities new concepts for instru-
ments and processes which require experimental verification and adaptation.

Sincerely yours,
W. Rogers Hamel,

Vice President and General Manager, Submarine Signal Division.

New York, N.Y., May 2, 1966.
Hon. Claiborne Pell,
U.S. Senate,
Washington, D.C.

Dear Senator Pell : Thank you for extending me the opportunity to com-
ment on S. 2439, the National Sea Grant College and Program Act of 19().5.

While I am not well informed enough in this field to make a constructive
contribution by commenting in depth, I do applaud the general purposes of
this legislation. It is clear we need to know much more about the sea around
us, and I welcome your efforts to extend Federal participation in this field.

With all best wishes,
Sincerely,

Laurance S. Rockefeller.
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Texas A. & M. University,
College Station, Tex., May 11, 1966.

Hon. Claiborne Pell,
Committee on Lahor and Public Welfare,
U.S. Senate,
Washington, D.C.

Dear Senator Pell: Your invitation to comment on the proposed sea grant
college program is greatly appreciated.
As one of the few educational institutions in the country with a large ocean-

going oceanographic program, Texas A. & M. University endorses the objectives

of S. 2439, the National Sea Grant College and Program Act of 1965. Increased
Federal support of research and education in marine sciences and technology is

in the national interest for it is the key to mastery of the ocean environment and
to development of ocean resources.

We do wish to suggest, however, that the bill might be strengthened by pro-

viding for a distinction between sea grant colleges, a title that might be reserved

to those institutions where the full range of education, research, and services

pertinent to the occupation and exploitation of the oceans would be developed,

and sea grant projects and programs, v/hich might be initiated at any institution

with the requisite competence.
Full implementation of the aims of the bill would seem to require pursuit of

the land-grant college analogy at least to the establishment of marine research

stations and aquacultural educational services to the public as operating arms
of sea grant colleges. In our view, such research-education-service systems
would need more assurance of long-term funding than is implied in the bill. The
support of such sea grant college systems would not preclude, but should be
coupled with, support of sea grant projects and programs at other institutions.

I hope these comments will prove useful to you.
Sincerely yours.

Earl Rudder, President.

Texas Instruments, Inc..

Science Services Division,
Dallas, Tex., May 10, 1966.

Senator Claiborne Pell,
U.S. Senate,
Senate Office Building,
Washington, D.C.

Dear Senator Pell : I am delighted to have this opportunity to comment on
S. 2439, the National Sea Grant College and Program Act of 1965.

Unfortunately, I was unable to attend the national conference on the concept
of a sea grant university, sponsored by the University of Rhode Island in

Octo^ber 1£H65 ; however, I have carefully read the proceedings of the conference
and have discussed this program with a number of my colleagues. All those
whom I have approached have been intrigued and have liked the concept. As
for myself, I am strongly in favor of such a program. I believe that passage of

S. 2439 will provide the necessary foundation and catalyst for the long-term
development of our natural resources in the sea.

The bill, as presented, is completely acceptable to me.
Sincerely yours,

Kenneth H. Drummond,
Washington Representative.

UST/UnderSea Technology,
Compass Publications, Inc.,

Arlington, Va., May 9, 1966.

Senator Claiborne Pell,
U.S. Senate,
32.5 Old Senate Office Building,
Washington, D.C.

Dear Senator Pell: Thank you very much for your letter of April 22. 1966,

soliciting our comments related to S. 2439. As the Nation's first and foremost
specialized business magazine within the oceanographic community, UnderSea
Technology welcomes this opportunity to express its views.
May we commend you on your bill S. 2439. We share your view that education

is a key factor to the beneficial harvesting of the seas.



SEA GRANT COLLEGES 277

Oceanography is important business—a Government, industry, and academic
community constituted by both big business and small business; an exploding

new market on a new economic frontier assuring benefits for this great Nation

of ours.

Believing no other frontier offers greater economic return for effort and dollar

invested, we have urged constructive deliberation on matters related to ocean-

ography, suggesting this will lead to meaningful and purix)seful legislation such

as S. 24*39.

We are encouraged by the expected enactment of Senator Magnuson's bill S.

9-M believing this legislation to be an extremely important and significant recog-

nition of the opporunities for action in what remains this last frontier for these

United States.

S. 2439 is a much needed companion. Enjoying historical precedence, the sea
grant college like its predecessor the land grant college serves two basic and
inescapable needs—the assured and increasing return on our ocean investment
and a practical and equitable solution to the young men and women of our Nation
who with increasing numbers wish to pursue a career in oceanography. As this

new community of interest captures the imagination of our young folk, those

youngsters in the primary grades, etc., such as Buck Rogers of yesteryear, what
more logical step, what more practical solution exists than providing the means
whereby the extension of this interest and imagination can be converted into

application and working knowledge of a specialized nature. Our Nation will

be the richer.

The following is in part a message we forwarded to the President several

months ago.

"May we now, Mr. President, solicit your aid in achieving 'opportunities for
action' in what remains the last frontier for these United States? Your out-

standing achievements as a legislator in the early days of aerospace, your pro-

found regard for the well-being and defense of your countrymen, your keen
foresight and imagination in regard to the future of our great Nation and your
deep concern for the peoples of the world prompts this request for action, for
increased attention to the seas around us, the inherent values contained therein

and the benefits due us all.

"Expanded exploration, exploitation, such as desalination and increasing uses
of the ocean environment have already begun. We are on the threshold of a new
and powerful industrial, scientific, and academic era dedicated to this environ-
ment. Wider and wider attention is rightfully being given the oceanographic
community. Employment opportunities of the first magnitude—the result of new
and expanding business and manufacturing enterprise—are here. A new genera-
tion of oceanographers, oceanologists and aquanauts is emerging. INIany of the
courageous domestic policies and opportunities initiated by your administration
can be enhanced by benefits derived from and with the oceanographic community.
We submit that no other single field of endeavor can offer such opportunities
for a greater return in exchange for practical, economical, and world political

considerations."
Consistent with our remarks, we urge favorable consideration for your bill S.

2439 and we offer our wholehearted support.
You may l>e interested to know that the editors of UnderSea Technology,

Mr. Larry L. Booda and Mr. Charles W. Covey, received just recently the Jesse H.
Neal Editorial Achievement Award. It was presented in recognition of the most
outstanding series of editorials among the Nation's business magazines. The
subject matter of the editorials related to our messages to the industry we
represent and the Government.
The forthcoming May issue will contain several references to your bill as well

as an article entitled "Sea Grant Colleges" auhored by Dr. John A. Knaus, dean,
Graduate School of Oceanography, University of Rhode Island.
We look to you and your colleagues for serious consideration in this current

"opportunity for action" so important to oceanography as thoughtful consider-
ation to the Nation's ocean exploration program is being rendered.

Sincerely,
Charles H. Bussmann, Publisher.
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United Aibcbaft,
May 10, 196S.

Senator Claiborne Pell,
U.S. Senate,
Washington, B.C.

Deab Senator Pell: Thank you for sending me a copy of your bill S. 2439
and your invitation to comment. I am sorry that my work has kept me away
from the ofBce so much that my reply has been delayed.

I feel that the objective of your bill is excellent. In the interest of our na-

tional posture in the world community, we need urgently to develop the skilled

manpower, including scientists, engineers, and technicians, and the facilities and
equipment necessary for the exploitation of these resources.

I feel that the land-grant college program is largely responsible for our pre-

eminent position in agriculture today, and it would be desirable if we could
utilize a similar technique to educate ocean engineers and develop capabilities

that can be passed on to those who will exploit the ocean. The program should
be heavily oriented toward applications, and there is some doubt in my mind
that the National Science Foundation is best suited for administration of the
Federal portion of the program. I confess to being at a loss to suggest a better

place from among the present Government organizations.
Perhaps, if the opportunities still exist, you might consider a slight modification

so that administration by the National Science Foundation is regarded as tempo-
rary, pending the establishment of a more appropriate oceanographic agency
with the Federal Government. I would be happy to discuss this in greater detail

if you desire.

Thank you again for giving me the opportunity to comment. I will be happy
to assist you with the sea grant idea in any way I can.

Sincerely,
H. A. Arnold,

Assistant to the Chief Scientist.

University of Miami,
Coral Gables, Fla., May 11, 19GS.

Hon. Claiborne Pell,
Committee on Labor and Public Welfare,
U.S. Senate, Washington, B.C.

Dear Senator Pell : I greatly appreciate your courtesy in allowing Dr. C. P.

Idyll, the chairman of the fisheries division of the Institute of Marine Science,

to testify in favor of your bill S. 2439, the National Sea Grant College and Pro-
gram Act of 1965. You are well aware, of course, of the interest of our institu-

tion in oceanographic and fisheries research, and of our deep commitment to the
kinds of activities your bill would encourage and support. We look on it as an
intelligent and effective method of supporting programs vital to the United
States.

I am informed that one unresolved point concerning the administration of the
sea grant college program is whether and how matching funds should be required
from institutions which become recipients of program support. I am aware of the
advantages of some such provision, but I am concerned whether it might elimi-

nate from the program a private institution, such as ours, which has already
contributed private funds (not State) to establishing buildings and a faculty,

and which would be penalized if required to shoulder a yet greater financial

burden to support the purposes of the Government.
I would assume that the objective of requiring matching funds to be supplied

by sea grant colleges would be to increase the amount of money available for the
work on the one hand, and to provide evidence of serious commitment to the

program on the other. If the report of your subcommittee includes a recommen-
dation that some kind of contribution should be required from institutions par-

ticipating in the sea grant program, I would respectfully request that it stress

the reasons for such a requirement. Further, I am anxious that the report

should recognize that some institutions, like my own, have existing programs and
records that show clearly that they have the necessary serious commitment to the
concepts of the program and have already committed private funds to the
general purpose. They may be unable to provide further matching funds in

dollars, but this should not eliminate them from the prosrram. Could not the
report specify that the administering agency should have the authority to accept
the existence of laboratory buildings, research vessels, equipment, faculty, and
other assets as equivalent matching commitments? Is it not also pertinent that
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the Buerau of the Budget, in its directives regarding matching funds, has clearly

exempted programs of national importance from these requirements?

I would be most grateful if you could incorporate these ideas into the sub-

committee report. Meanwhile, please be assured of my enthusiastic support for

your bill.

Sincerely yours,
Henry King Stanford, President.

Peepabed Statement of A. F. Chestnut, Director, University of North
Carolina Institute of Fisheries Research

I have been engaged in estuarine research for 25 years in North Carolina,

Virginia, and New Jersey and have had close contact with many scientists,

laboratories, and programs along the Atlantic and gulf coasts. New laboratories,

many programs and a large increase in number of scientists has taken place.

A degree of coordination and further stimulus in the area of marine sciences

is still needed and can be provided through a national program. Considerable

evidence has been presented before the subcommittee to show the need for

expanded effort and support of research, education, and services to develop our
marine resources in their overall scope.

I would like to direct attention to the fact that many States through a univer-

sity complex and other agencies are active in programs of marine science. As
an example, the program in North Carolina may be cited. The State of North
Carolina will spend in the next 2 years, from its own sources, over $1 million

for new facilities, including a research laboratory, an exploratory vessel, an
administrative building and associated items for fisheries development and
research in marine sciences. A new coastal studies institute has been established

with initial studies centered on beach erosion problems. The board of con-

servation and development has proposed an expanded extension program in the

area of commercial fisheries and an interagency committee within the State has
been active in formulating a program.
We believe in North Carolina, that a broad program has evolved covering the

wide spectrum of basic research, applied research, technological studies, engineer-

ing, processing, marketing, and promotion of utilization of resources from the
sea. Supplemental activities of such institutions as Duke University Marine
Laboratory expand the area of studies from the inshore sounds and baj^ to the
open ocean.
The funds currently being spent within one State, North Carolina, amount to

one-tenth of the funding anticipated under the proposed bill for a national
program. Other states expend far greater amounts, and budgets of some indi-

vidual oceanographic laboratories further exceed these sums. These facts point

to the need for a serious consideration of a proper balance in funding the proposed
program.

I would like to center attention on another point, that of the mechanism of
providing grants. Vast sums are being spent in physical oceanography. Other
funds have been available from various Federal agencies for project research
and individual grants. There is a definite need for grants to institutions allowing
freedom for development of specific areas within the concept of the program.
This would allow necessary diversification and offer encouragement of balanced
programs.

This bill, S. 2439, can be an important factor in providing the necessary
stimulus to expand and promote a vital area of our Nation's economy and well-

being, and with some revision this can be accomplished.

Port Aransas, Tex., May 2, 1966.
Senator Claiborne Pell,
Committee on Labor and Public Welfare,
U.S. Senute, Washington, D.C.

De.\r Senator Pell: In support of the National Sea Grant College and Pro-
gram Act of 1965, S. 2439, I should like to submit a few comments for consid-
eration by the Special Subcommittee on Sea Grant Colleges of the Senate Com-
mittee on Labor and Public Welfare.
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My interest in this act stems from my involvement first, as a member of
a 10-man national committee on the sea grant college set up in October 1965
by Dean John Knauss of the University of Rhode Island and second, as a
matter of direct personal concern as director and professor of zoology at the
University of Texas Institute of Marine Science, where a large amount of re-

search and teaching is oriented toward coastal shelf problems in marine science
and engineering.

Generally speaking, it should be most obvious that the educational systems
of the United States are not sea-oriented in terms of education, research, and
public service. As a consequence, we have no nationally strong basis for any
but a haphazard development of technologies for the long-term exploitation of
marine resources. The sound development and application of any technology
in the modern world demands a sound and comprehensive educational system,
not only in the natural sciences and engineering, but in the social sciences in

their broadest sense as well.

To the statement presented to your subcommittee by the National Commit-
tee for a Sea Grant College, I should like to add my hearty endorsement and to

add below some comments on the great potentialities of our educational and
research organizations in our major universities.

Many of these universities already have strong academic programs in the
research and teaching fields of marine sciences that are directly involved
with marine resources. Some of these universities already have rapidly de-

veloping engineering programs in water resources, often with considerable ref-

erence to coastal marine areas. In addition many of these same universities

already have programs in such fields as law, business, and economics. What
is still badly needed at the university level is a source of funding that will en-

able universities to develop integrated programs of instruction and research in

all possible sea-oriented departments that now seek funding from many agen-
cies, most of which are not particularly set up to lend large-scale or exclusive
support to sea-oriented programs. Because quite a few universities already
have a nucleus of departments that can offer an assortment of sea-oriented
training and research programs, there is a tremendous potential for such uni-

versities to develop broader and more completely integrated programs, if funding
is available.

In recent years many other kinds of integrated university programs have been
developed in the arts, humanities, sciences, and engineering by means of large
interdisciplinary grants like the proposed sea grants. There is every reason
to believe that sea grants could likewise have the same catalytic and supportive
effects. These effects are notably the production of a new breed of sea-oriented

specialists trained to meet the requirements of an increasingly complex society

with increasingly complex technologies.

Today there is little lag between the development of new interdisciplinary

sciences and the development of technologies based on these sciences. (Per-

haps the best contemporary example is the development of the comi)lex elec-

tronics industries almost immediately on the heels of theoretical research de-

velopments—likewise the development of strong educational electronics pro-

grams in junior colleges and even high schools almost immediately on the heels

of industrial electronics development.) Today it is commonplace to find uni-

versity researchers working both in cooperation with government o,r industries

and in cooperation with high schools and colleges in developing their curricu-

lums in addition to supplying trained manpower. It should be presumed that

this type of cooperation would normally exist in sea grant programs. With
more than 20 U.S. governmental agencies and a large number of State agencies

engaged in marine science development programs or in routine operational ac-

tivities, there is also a tremendous need for highly trained manpower in these

agencies. Certainly the sea grant college programs would aid immeasurably
in supplying trained personnel for these developmental and operational pro-

grams, and for industrial and educational establishments as well.

With the development of sea grant supported training programs, there would
normally be expected a greatly enhanced interchange of personnel and ideas

from marine industries to the universities and colleges. (Even the most humble
and unlettered fisherman often may be expected to know much more about
some aspects of a given fishery than his counterpart in a university.) At the

present time the interchange of personnel and ideas among the various academic,
developmental, educational and technological aspects of marine science is much
less organized than in other lines of endeavor, e.g., agriculture. Furthermore, in
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many aspects of marine science and technology, the United States lags rather

badly behind other nations largely because there is a lack of numbers and or-

ganization of highly qualified people with a truly sea-oriented outlook on ma-
rine problems. The sea grant college concept, if implemented, would, in my con-

sidered opinion, have a profound effect on producing the kind of sea-oriented

people that will desperately be needed to develop marine resources, not only in

the United States but throughout the world.

Respectfully,
Donald E. Wohlschlag,

Professor of Zoology and Direotor, the University of Texas, Institute of

Marine Science.

University of Washington,
CoLLEXJE OF Fisheries,

Seattle, Wash., May 11, 1966.

Hon. Claiborne Pell,
U.S. Senate Committee on Labor and Puhlic Welfare,
Washington, D.G.

Dear Senator Pell : I am very sorry that I was not able to attend the hearings
of the Special Subcommittee on Sea Grant College on May 2-5. It is a pleasure
to have this opportunity to submit comments on S. 2439—the National Sea Grant
College and Program Act of 1965. I am very much in favor of the purposes of

the bill and I should like to reaffirm my support of the statement of the National
Committee for a Sea Grant College, of which I am a member. Increased support
is important for the marine sciences, as they should have an expanded role in

the overall national scientific effort.

I do feel however, that the purposes of the bill can be strengthened if its

scope is somewhat narrowed. There is a danger that a new program may be
looked ujwn as a complication in the funding of marine science. As you know,
our Senator, the Honorable Warren G. Magnuson has suggested many times that
marine science programs need better coordination. He has proposed legislation

to consolidate the many activities of ocean studies. I suggest that a new program
should have a definite focus and that this be done by directing S. 2439 to the
development of marine resources. I would define a sea grant university as an
institution of higher learning devoted to increasing our Nation's utilization of
the world's marine resources through activities in the areas of training, public
service and research. There is much sympathy with the idea that an important
fraction of support for a sea grant program should be in the form of institutional
grants. Such funding would provide an amount of flexibility in programs of
individual institutions. Surely with the broad ocean problems needing attention
and the wide diversity in university capabilities we should not commit ourselves
to rigid programs. On the other hand, there is much to be said in favor of the
National Science Foundation's approach to funding research on a competitive
merit basis. Perhaps local matching funds could be used for the support of
research projects. The National Science Foundation, as it now exists, could
administer a sea grant program devoted to the development and utilization of
marine resources which will assure support for marine sciences to institutions
which are the most capable and which propose to do work that will come under
review at the national level.

Sincerely,

Donald E. Bevan, Associate Dean.

University of Washington,
Department of Oceanography,

Seattle, Wash., May 11, 196C.
Hon. Claiborne Pell,
U.S. Senate,
Committee on. Labor and Public Welfare,
Washington, D.C.

Dear Senator Pell : In response to your letter of April 22, 19(56, I wish to tiike

this opportunity to submit comments relating to S. 2439 the National Sea Grant
College and Program Act of 1965.
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I am heartily in favor with the purposes of the act. For over 35 years I have
been involved in oceanography and it is heartening to see legislative interest in
a broad program to develop our national capabilities to occupy the oceans and
to exploit their resources.
For the past 15 years I have been a profe-ssor and chairman of the Department

of Oceanography at the University of Washington. During this period we have
developed both undergraduate and graduate curriculums in all of the major as-
pects of oceanography. Administratively, the department is in the College of
Arts and Sciences and our 250 undergraduate majors must satisfy all the
academic requirements of the college. On the other hand, even larger numbers
of nonmajors take one or more courses in oceanography. At the present time
nearly 1,800 students per year are receiving at least 5 credits of instruction in
our department. Experience his convinced us of the importance of studying
the ocean at all levels from elementary school through postgraduate years. To
partially meet the nonuniversity needs we have, for 6 years, offered summer in-

stitutes for secondary school teachers. These intensive programs are sponsored
by the National Science Foundation. By the end of the coming summer, 180
teachers will have received si>ecial instruction for 1 summer and 40 of them
will have returned for a second summer of advanced training. For the 1966
institute, as in previous years, nearly 700 applications were received for the 30
available positions.

To broaden the opportunities for the training of elementary and secondary
school teachers we have also offeretl 12-month programs for faculty members
from junior colleges and 4-year colleges. Two such academic year institutes

sponsored by the National Science Foundation have been completed and the
third will start during the summer of 1966. So far 14 instructors have been
trained with 8 more in the program for next year.

Several faculty members have also contributetl time and effort to the prepara-
tion of secondary school textbooks and related teaching materials as part of the
earth science curriculum project (funded by NSF). I have just coauthored a
textbook, teachers guide, and laboratory manual on earth science for use in the
secondary schools. I mention these items to emphasize the necessity for broad
interpretation of the educational needs in the marine sciences. The puri>oses

of the act will best be served if the educational needs are viewed in terms of the
total requirements. The scope of educational efforts must not be limited to the
preparation of research scientists, engineers and those involved in ocean
industries.

It takes many years to develop the facilities and faculty to offer undergradu-
ate and graduate programs in oceanography. The expanding interest in the
marine sciences among yoimg people is reflected by the fact that the number of

undergraduate students majoring in our department has grown at about 40 per-

cent per year for the last 6 years. We are serving a national need as is shown by
the unusually high percentage of out-of-State students. About 80 percent of our
graduate students are not native Washingtonians and nearly 50 percent of the
undergraduates are from out of State. For the university as a whole the cor-

responding values are 42 percent and 9 percent respectively. During l£>64r-65,

33 States and 6 foreign countries were represented. Although we are meeting
a national need, the major burden of instructional costs is borne by State-appro-

priated funds. The expanded demands for competent teachers and college

faculty members that will be required to support the national effort is obvious.

In the years to come it would be disastrous if only the "direct and practical"

aspects of the marine sciences received support.

It is possible to argue at great length about the nature of oceanography, to

debate whether it should be "oeeanology," and to discuss the definition of "ocean
engineering." I have no desire to enter these semantic battles. Regardless of

the names that are used it must be admitted that in any area of scholarly enter-

prise there are broad spectra of topics that range from basic and fundamental
aspects to commercial technologies. In between the two extremes it is always
possible to identify certain topics as applied research, development, and en-

gineering. Universities have a dual responsibility, to educate the young to

prepare them to meet the problems of the future and by conducting research to

advance the frontiers of knowledge. In a rapidly changing world, that is ex-

periencing a "knowledge explosion," it is virtually impossible to predict the
tasks that todays students will be called upon to solve during their professional
careers that will extend into the 21st century. It is clear that in departments
such as ours, the students must be given the best possible instruction with par-
ticular emphasis on the basic scientific principles (that will not go out-of-date)
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and that research should be directed toward similar basic and long-range scien-

tific goals. These objectives would not be satisfied if the program was limited
to practical and short-term projects.

The purposes of the act are most laudable but it would be unfortunate if in
the haste to develop man's capability to occupy and exploit the oceans the aca-
demic educational and research aspects were inadequately supported. Either
these must receive recognition within the act itself or provision should be insured
through other means.

Sincerely yours,
Richard H. Fleming,
Professor and Chairman.

Commonwealth of Virginia,
Virginia Institute of Marine Science,

Gloiwester Point, Va., May 9, 1966.
Hon. Claiborne Pell,
Senate of the United States,
Washington, D.C.

Dear Senator Pell : This letter refers to the sea grant college and university
program as proposed in the bill sponsored by you and other farsighted patrons
and may be introduced into the oflScial hearing records.
Though I intended to attend the hearings just now being conducted, institute

business has prevented me from doing so. This letter will convey my opinions
and convictions to you and the other members of the committee. My intention
to send such a letter was communicated to Mr. Green, of your office, by phone on
Thursday the 6th of May.
Early in the debate concerning this program, I was in opposition. This op-

position, based on the strong conviction that additional marine research and
training institutions are not justified or even needed in the United States was
eliminated when it became apparent that neither Dr. Spilhaus nor you intended
for the program to be used as a vehicle for establishing new marine laboratories.
As the concept of the sea grant college and university program has evolved in

recent months, it has become apparent to me that it will be a valuable addition to
the overall marine resource research and development activity of the United
States. Hence, I wish to express my strong support. It will benefit all marine
resource users (e.g., sport and commercial fishing industries, recreationalists,
shippers, mining interests and most others), all marine States, and be extremely
valuable to the entire United States and deserves the support of all of the States,
maritime or not.
There is great need for increased activity in the various fields of oceanic

engineering and in other marine resource development and use areas. As I have
expresed several times during the sea grant college meetings, the Commonwealth
of Virginia has been especially active in developing its own program of applied,
as well as fundamental, marine science at the Virginia Institute of Marine
Science, one of the largest State-supported marine science programs in the East.
Though not called by that name, many of VIMS' activities can be considered to
be oceanic engineering. VIMS' biological, chemical, geological, and physical
oceanographers have contributed in solution of many marine resource engi-
neering problems for local, State, and Federal agencies and industry.

Virginia, with her vast and valuable marine resources, marine industries, and
marine-oriented Federal activities, is a major maritime State and can benefit

greatly from the sea grant college and university program whether or not she
actively participates. If her strong program in marine research and training at
VIMS (affiliated with both the College of William and Mary and the University
of Virginia) can participate, Virginia and the Nation will benefit to an even
greater extent.

I am opposed to the use of this program to develop new and connecting institu-

tions. The list: of institutions with proven capability and interest in marine-
oriented research and education is large. Most have administrative units,
research and teaching facilities, shore-based and floating facilities which can
be occupied or n.scd much more efficiently if adeqnnte, continuing funds are
available. Addition of new institutions at this stage seems unjustified :iiul, in

my view, will inrrense (-ompctition for limited funds, facilities, ;ind lu'rsoinu'l,

iiiid slow the (>vfM"i!l nuirine resource d<>velopni<'nt program considerably
I caiuiot f)ff(>r significant help with the solution to the problem of which Federal

agency should administer the program at this time. I'erhaps the National
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Academy of Sciences could assist in tlie selection of institutions to be sea grant
colleges or universities. Of the two agencies seriously proposed thus far (as
far as I am aware) National Science Foundation seems most suitable by virtue
of exi>erience. I am sure that NSF can administer the progrem, if asked to do
so, despite its obviously applied nature.

If I can assist further in these deliberations, please let me know.
Sincerely yours,

William J. Hargis, Jr., Ph. D.,

Institute Director and Dean, ScJwol of Marine Science, College of William
and Mary, and Chairman, Department of Marine Science, University

of Virginia.

Prepared Statement of John H. Clotworthy, Vice Preside^ntt, Westinghouse
Defense and Space Center, Underseas Division

It is a function of government to make technologies responsive to the require-

ments of society. This is especially true of new technologies which tend to be
random in their early stages of development. Ocean technology is in this position

today. It requires the establishment of a national program to give it direction.

One of the ways in which government can create the responsiveness required

is through the support of educational programs. Because of the significance

of our national efforts to explore and exploit the world ocean environment, it

is necessary that we provide encouragement to the task of educating .scientists

and technologists to perform the difficult work that lies ahead and to the added
responsibility for educating persons in related social skills to pei'form the

national and industrial planning functions associated with ocean technology.

There are two asi>ects of this educational problem : the question of organizing

the university community to supply the requisite skills ; and the question of de-

veloping quality standards of education in the face of a limited supply of teach-

ers who must turn out a large number of generalists and specialists. An edu-

cation bill for ocean sciences and technology must address itself directly to the

first of these problems while assuring the quality standards required. Further,

such Federal supports as are provided by legislation must be the product of an
unified concept of future requirements. The success of the purpose of educa-
tional legislation rests on the completeness and wisdom of this concept.

This means that the educational activities supported by the Government for

ocean activities are a phase of a national oc-ean program in the broadest sense,

and that the definition of that program must precede the determination of

precise educational requirements. Handled in this way. the establishrjent of

sea grant programs through the reapplication of revenues received under the

Outer Continental Shelf Land Act would perform a major service. There is also

an ironic justice in the method.
The comprehensiveness of legislation dealing with education for this develop-

ing technology is quite important, lest we train only for the most obvious of

requirements. For this reason, it is heartening to note that the authors of the

legislation envision the establishment of programs in economics, sociology, law,

and other social studies. Were this not the case, we would be developing an
operational capability without providing for the requisite social guidance.

I believe S. 2439 is worthy of enactment as a part of a comprehensive national

ocean program.

Prepared Statement of Gordon Gxtnter, Ph. D., Director. Gulf Coast Research
Laboratort, Ocean Springs. Miss.

I do not wish to waste your time and that of your Committee with a long

statement upon my background and qualifications to comment on this bill, and
instead I am appending a short biographic statement. It does not cover the

consultant work I have done in the marine waters of all Gulf states, and in

Maryland. North Carolina, South Carolina and the State of Washington. Al-

though for a year each I was Senior Marine Biologist at the Scripps Institution

of Oceanography and Professor of Zoology at the Marine Laboratory for the

L'niversity of Miami in Florida, my experience has been primarily on the Gulf

of Mexico. I have worked in the Gulf states for a period of thirty-six years.

I have been the head of three marine laboratories, that of the Texas Game.
Fish and Oyster Commission, the Institute of Marine Science of the University

of Texas, and the Gulf Coast Kesearch Laboratory, which all grew from small

size to respectable institutions during my tenure. (I mention these facts be-
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cause I have considerable experience—and not all together pleasant experience
with financing struggling marine institutions).

As things now stand the powerful oceanographic and marine institutions are
related to the wealth of the adjacent hinterland and not necessarily to the
wealth or importance of the marine ai-ea around them. The area from Pas-
cagoula, Mississippi to Port Arthur. Texas produces annually twenty to twenty-
two per cent of all the fishery products in the United States. I have called it

the Fertile Fishery Crescent and it should be noted further that the United
States coast of the Gulf of Mexico produces Forty per cent of all the fishery

products of the United States. The continental shelf of this same region pro-

duces vast quantities of oil, gas and sulphur. Yet the monies spent on oceano-
graphic research in this area by the Federal government is probably in inverse
proportion to the marine wealth which it produces now every year. There are
a large number of economic factors behind this situation and it would take me
several pages to expound upon them.
The expenditures of money by the Federal government must, in the terms of a

popular song, "go where the action is" and the acition does not necessai'ily lie

in the neighborhood of the big institutions, which are sometimes not interested
in the distant areas and seldom travel there. The Gulf of Mexico is one of the
most important marine areas in North America and it is our only interna-
tional sea. It has been neglected and I am sorry to say that your bill, as it

presently stands, will not take care of this inequity.

In part your bill merely adds money to the present granting agencies, which
means that more and more, larger percentages of money will go to the large
institutions which have a staff, the business offices and the wealth with which
to go after these grants. Thus, the rich will grow richer, etc. and inevitably
areas of great importance will be neglected.

I would suggest that the Sea Grant University Bill be divorced from the
granting agencies completely and that a sum of money be set up by appropria-
tion or some other device which will go to each state and to selected institutions

of the given states which will carry on the work in their own area. The
Idaho potato would never have been developed in Texas and the studies which
made for the elimination of the Texas cattle fever would never have occurred in

Maine. Nor would they have been made by people in Maine traveling to Texas
or those from Texas going to Idaho, etc. Yet all of these things developed
through the land grant colleges and they developed because the land grant col-

leges took care of things in their own areas.

Your Sea Grant University idea is one of the most important ones that has
been advanced in eradicating the lopsided regional studies of our ocean shores,

if it is properly written and properly applied. I should say that to be effective

you must have it set up in such a way that each state with a marine border
must take care of its own problems through its own institutions. I have no
specific suggestions concerning financing except to say that it might be on some
sort of a matching basis. Even so some of the poorer states are going to have
difiiculty in meeting their obligations on this basis.

In short I agree with the statement of Dr. George A. Rounsefell, distinguished
fisheries biologist of the University of Alabama, which is presented at this

hearing.

(Whereupon, at 11 a.m., the hearing was adjourned, subject to
call of the Chair.)

o




