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ECOLOGICAL RESEARCH AND SURVEYS

WEDNESDAY, APRIL 27, 1966

U.S. SENATE,
COMMITTEE ON INTERIOR AND INSULAR AFFAIRS

'TV ashing ton,D D.C.
The committee met, pursuant to call, at 10 aa-n., in room 3110, New

Senate Office Building, Senator Gaylord Nelson (acting chairman of
the committee) presiding.

Present: Senators Gaylord Nelson (Wisconsin), Clinton P. Ander-
son (New Mexico) , and Len B. Jordan (Idaho).
Also present: Jerry T. Verkler, staff director; Porter Ward, pro-

fessional staff member; and E. Lewis Reid, minority counsel.
Senator NELSON. The committee will come to order.
The purpose of the hearing this morning is to consider S. 2282,

the ecological research and surveys bill, to authorize the Secretary of
the Interior to conduct a program of research, study and surveys,
documentation, and description of the natural environmental systems
of the United States for the purpose of understanding and evaluating;
the condition of these systems and to provide information to those con-
cerned with natural resources management, and for other purposes.
It is a very great pleasure to be here today to conduct a hearing on

this important bill.
We are all passengers on a rather small spaceship wheeling about

the sun and hurtling through space. This observation has been made
by poets for some time. However, it is only recently that we have
come to realize how very limited are the resources available to us on
this planet.
The grave dangers of overpopulation and environmental pollution

have driven home to us the need for the most careful and watchful
planning in the use of our natural resources.
Americans have generally taken an exploitative view of their en-

vironment. Our early experience as a small nation of colonists on
the edge of an immense wilderness encouraged such an attitude. But
now it is absolutely crucial that we change. We must extend to all our
resources—water, land, and air—the conservation concepts that have
in the past been limited largely to securing and saving a few bits of
wilderness and spectacular natural scenery.
The purpose of this hearing is to take expert testimony from this

impressive group of witnesses from all over the Nation on the state
of ecological knowledge and to gather ideas on this bill and how it
might be improved.
In summary the bill would authorize the Secretary of Interior to—

Conduct studies of natural environmental systems in the United
States and to make grants and contracts for such studies to be

1



2 ECOLOGICAL RESEARCH AND SURVEYS

made by universities, museums, botanical gardens, and qualified
individuals.

Establish a clearinghouse for information on ecological prob-
lems and studies, a center for information for those making land
use and resource use decisions. For this purpose the Secretary
would gather information about ecological activities from other
Government agencies as well as from private sources.

Establish a program in which representative natural environ-
ments on Federal lands could be set aside for scientific study—
and assist and encourage the setting up of similar preserves on
State and private lands.

Participate with other governments and international bodies in
environmental research.

There is a considerable amount of ecological research now being
carried out by agencies of the Federal Government—about $90 million
a year, I understand. Let me emphasize that it is not the purpose of
the bill to have the Interior Department encroaching on this work
in any way. Nearly all of the work currently being undertaken is
mission oriented as opposed to basic ecological research. The research
program contemplated in this bill would be designed to focus on those
areas of ignorance regarding basic processes that make wise resource
use decisionmaking so difficult.
The bill provides for the establishment of advisory committees (see

section 7) whose role it would be to help define those areas for research.
Again let me say that any thoughts or suggestions for improving

the bill will be most welcome and will receive careful consideration
by the committee.
The bill and the agency reports will be included at this point.
(The data referred to follow:)

[S. 2282, 89th Cong., 1st sess.]

A BILL To authorize the Secretary of the Interior to conduct a program of research,
study and surveys, documentation, and description of the natural environmental systems
of the United States for the purpose of understanding and evaluating the condition of
these systems and to provide information to those concerned with natural resources
management, and for other purposes

Be it enacted by the Senate and House of Representatives of the United States
of America in Congress assembled, That the Conghess finds and declares that
as a result of population pressures, the development of transportation systems,
agricultural practices, numerous natural resource developments, and other
technological advances, the status of native plant and animal systems and their
natural environment in the United States has changed markedly; that serious
losses in valuable species of fauna and flora and gains in unwanted species have
occurred and continue to occur; that valuable elements of natural communities
have disappeared or have become so restricted in area and numbers that they
may never recover; that many areas of outstanding interest, scientific value
and scenic beauty have been protected but through lack of knowledge and inade-
quate management practices their value has been lost or has waned; that, in
fact, this storm of modern change, in blighting and destroying what has been
cherished for generations in this country, is degrading man's environment and
threatens his very existence; that it is desirable that studies be conducted to
describe, understand, and evaluate these natural and man-caused changes or
trends in our natural environmental systems and to provide the information to
the public or private agencies, or persons responsible for planning and develop-
ing our future resource projects. It is, therefore, the purpose of this Act to
authorize a comprehensive program of research, studies, and surveys in order
to produce an understanding of our natural resources and the environmental
forces responsible for their development and well-being and to provide a basis
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for the future protection, enhancement, and proper utilization of the natural
environmental systems of the United States. It is not the purpose of this Act
to encroach upon or otherwise restrict authorized Federal programs in the fields
of agronomy, forest and range management, public health, flood control, wildlife
management, or soil conservation other than as an advisory or coordinating
activity.

SEC. 2. The Secretary of the Interior (hereinafter referred to as the "Secre-
tary"), in order to carry out the purposes of this Act, is authorized—

(1) to conduct investigations, studies, surveys, research, and analyses;
(2) to document and define changes in the natural environment, including

the plant and animal systems, and to accumulate necessary data and other
information for a continuing analysis of these changes or trends and an
interpretation of their underlying causes;
(3) to develop and maintain an inventory of natural resource develop-

ment projects, engineering works, and other major projects such as, but not
limited to, eradication projects contemplated or planned by public or pri-
vate agencies or organizations which may make significant modifications in
the natural environment;
(4) to establish a system of collecting and receiving information and data

on ecological research and evaluations which are in progress or are planned
by other public or private agencies or organizations, or individuals;
(5) to evaluate and disseminate informantion of an ecological nature to

public and private agencies or organizations, or individuals in the form of
reports, publications, atlases, and maps;
(6) to initiate and utilize ecological information in the planning and de-

velopment of resources oriented projects;
(7) to encourage other public or private agencies planning development

projects to consult with the Secretary on the impact of the proposed projects
on the natural environment;
(8) to encourage and assist public (non-Federal) or private agencies or

organizations, including educational institutions, museums, and botanical and
zoological gardens and other scientific or conservation organizations, or
individuals to acquire, designate, and maintain representative samples of
important natural environmental systems, including natural areas for ob-
servation and for manipulation, and to encourage such agencies, organiza-
tions, and individuals to utilize existing areas under their control or juris-
diction for such purposes; and
(9) to establish through interagency coordination, on federally owned

lands, a Federal system of natural areas for scientific purposes and develop
the means and methods for withdrawal of such areas from nonconforming
uses, and provide for their management and protection to serve the natural
research needs of all agencies, both public and private.

SEC. 3. The Secretary is further authorized for the purposes of this Act (1)
to make grants and enter into contracts or cooperative agreements with public or
private agencies or organizations, or individuals, (2) to accept and use dona-
tions of funds, property, personal services, or facilities, (3) to acquire selected
areas of lands or interests in lands by donation, acquisition with donated funds,
devise, or exchange for acquired lands or public lands under his jurisdiction
which he finds suitable for disposition, (4) to administer such lands or interests
for experimental purposes, including the observation and manipulation of natural
areas, and (5) to issue such regulations as he deems necessary with respect to
the administration of such lands.
SEC. 4. Activities authorized by this Act may be carried out on lands under

the jurisdiction or control of other departments or agencies of the Government
only with the approval of the head of the department or agency concerned.
SEC. 5. The Secretary shall consult with and provide technical assistance to

departments and agencies of the Government, and he is authorized to obtain from
such departments and agencies such information, data, reports, advice, and as-
sistance as he deems necessary or appropriate and which can reasonably be
furnished by such departments and agencies in carrying out the purposes of this
Act. Any Federal agency furnishing advice or assistance hereunder may ex-
pend its own funds for such purposes, with or without reimbursement by the
Secretary.
SEC. 6. Nothing in this Act is intended to give, or shall be construed as giving,

the Secretary any authority over any of the authorized programs of any other
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department or agency of the Government, or as repealing, modifying, restricting,
or amending existing authorities or responsibilities that any department or
agency may have with respect to the natural environment. The Secretary shall
consult with the heads of such departments and agencies for the purpose of
identifying and eliminating duplication of effort.

SEC. 7. (a) The Secretary is authorized to establish such advisory committees
as he deems desirable for the purpose of rendering advice and submitting rec-
ommendations to him relating to the carrying out of the purposes of this Act.
Such advisory committees shall render advice and submit recommendation's to
the Secretary upon his request and may submit recommendations to the Secretary
at any time on their own initiative. The Secretary may designate employees of
the Department of the Interior to serve as secretaries to the committees.
( b) Members of advisory committees appointed by the Secretary may receive

not to exceed $100 per day when engaged in the actual performance of their
duities, in addition to reimbursement for travel, subsistence, and other necessary
expenses incurred by them in the performance of their duties.
SEC. 8. The Secretary is authorized, pursuant to such terms and conditions

as he deems desirable, to make grants to public and nonprofit private universities
and colleges, as well as to museums and botanical and zoological gardens and
other scientific or conservation organizations in the several States and possessions
of the United States, for the purpose of training persons, including scientists,
technicians, and teachers, needed in the field of ecology and related fields.

SEC. 9. The Secertary is authorized to participate in environmental research
in surrounding oceans and in other countries in cooperation with appropriate
departments or agencies of such countries or with coordinating international or-
ganizations if he determines that such activities will contribute to the objec-
tives and purposes of this Act.

SEC. 10. There are authorized to be appropriated such sums as may be neces-
sary to carry out the provisions of this Act.

DEPARTMENT OF THE INTERIOR,
OFFICE OF THE SECRETARY,

Washington, D.C., April 26, 1966.
HOPI. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs,
U.S. Senate, Washington, D.C.
DEAR SENATOR JACKSON: Your Committee has requested this Department's

report on S. 2282, a bill "To authorize the Secretary of the Interior to conduct a
program of research, study and surveys, documentation, and description of the
natural environmental systems of the United States for the purpose of under-
standing and evaluating the condition of these systems and to provide information
to those concerned with natural resources management, and for other purposes."

S. 2282 gives to the Secretary of the Interior broad authority to initiate and
carry out a comprehensive program of research, documentation, and description
on the natural environmental systems of the United States for the purpose of
gaining a better understanding of our living natural resources and the forces
responsible for their development and well-being and of providing a basis for
the future use and development of these systems. In carrying out this program,
the Secretary may, among other things, (1) establish a system of collecting and
receiving information on ecological research and evaluation from various public
or private agencies, organizations, or individuals, (2) evaluate this data and in-
formation and disseminate it as widely as possible, (3) initiate and use ecological
information in the planning and development of natural resource projects, (4)
encourage others to consult with him on the potential impact of proposed projects
on the natural environment, (5) establish a Federal system of natural areas for
scientific purposes on federally-owned lands, (6) make research and training
grants, (7) accept and use donated real and personal property and funds, (8)
establish advisory committees, and (9) participate in environmental research
in the oceans and foreign countries.
The President in his Natural Beauty message of February 8, 1965, said:
"I have also asked the Director of the Office of Science and Technology and

the Director of the Bureau of the Budget to recommend the best way in which
the Federal Government may direct efforts toward advancing our scientific
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understanding of natural plant and animal communities and their interaction

with man and his activities."
While this Department wholeheartedly supports the objectives of S. 2282, we

believe that further consideration of this legislation should be deferred until

after these recommendations are made. We understand that they will be made

before the close of this session of Congress.
This Department now conducts many research programs in the environmental

sciences. Most of these, however, are oriented toward pressing management

programs. The basic research authorized by this bill is directed toward funda-

mental questions about our natural environment. It would enable this De-

partment to provide a focus in the Federal Government for ecological matters.

In particular, it offers a mechanism for assuring systematic coverage of those

aspects of the total living environment that are not now covered, or are not

adequately covered by existing mission-oriented programs within the Depart-

ment of the Interior and other Federal agencies.
Ecology: the scientific study of the dynamic interrelations of living organisms

with each other and with their immediate physical and chemical environment—

has lacked organized and relatively intensive attention that other environmental

sciences have received in the Federal Government. Intensified ecological research

of the kind provided in this bill would be able to draw on the striking advances

that have been taking place in such physical environmental fields as meteorology,

physical oceanography, geology, hydrology, and soil science. It would also be

able to supply an essential body of information for further research and appli-

cation in fields involving environmental manipulation, such as agriculture, pub-

lic health, natural resources management, transportation and urban development.

The program would promote the identification, maintenance, and intensive

study of representative natural areas now relatively unaltered by human activties.

Deeper understanding of the structure and dynamics of undisturbed plant and

animal communities would be sought. With study of the response of such com-

munities to human activities, through controlled experiment and systematic com-

parison with modified communities, valuable insights could be gained into the

ways in which natural processes are altered and how they may be directed so

as to maximize desirable effects and minimize undesirable ones. In addition, a

special effort could be launched to obtain necessary basic data from natural

plant and animal communities to serve as "baseline" or "control" standards

against which the effects of human actions, whether beneficial or detrimental, may

be compared and evaluated.
The primary research emphasis contemplated by the bill would be upon gain-

ing basic knowledge of ecosystems that are maintained or used without exten-

sive alteration and how they are modified by human activities, often as a result

of actions to achieve other purposes. Applied studies in such fields as agronomy,

wildlife and fisheries management, economic entomology, forest and range man-

agement, disease vector control, and soil conservation represent a different re-

search emphasis and would be excluded from the program.
A major purpose of the bill is to develop and improve a capability for furnish-

ing to public and private agencies, upon request, advice on the probable ecological

consequences of proposed large-scale construction projects, resources manage-

ment activities, or other environment alterations that are of sufficient magnitude

to affect the living environment significantly. Most of man's activities, of course,

have some effects on communities of plants and animals. Some of these effects

are beneficial, some are detrimental. Some detrimental effects can be avoided,
some cannot; some can be mitigated, some cannot. Unfortunately, detrimental

effects are often apparent only after a project or program is underway, or, per-

haps even completed. For this reason we need to develop a sharpened capacity

for ecological foresight by which changes induced by human activities may be

anticipated, evaluated in advance, and dealt with rationally.
We are in an era of change and complexity. Through technological advance

we are continually gaining new powers to alter our environment for better or

for worse. At the same time, we are developing a deeper awareness of the im-

portance of maintaining attractive and healthful surroundings if we are truly to
enjoy full human existence. To realize the benefits of modern civilization with-

out simultaneously eroding the fundamental physical and biological bases for
our tenure on earth is a problem whose complexities we can now only dimly

perceive.
We in the Department of the Interior believe that a program of ecological re-

search would be of material assistance in advancing our Nation's efforts in the



6 ECOLOGICAL RESEARCH AND SURVEYS

challenging task of reversing the trend of deterioration of our environment, andin elucidating scientifically the conditions on which successful and satisfying
human existence on this earth must be predicated. The recommendations re-
quested in the President's Natural Beauty message should suggest the best way
to accomplish this objective.
The Bureau of the Budget has advised that there is no objection to the presen-

tation of this report from the standpoint of the Administration's program.
Sincerely yours,

STEWART L. UDALL,
Secretary of the Interior.

DEPARTMENT OF AGRICULTURE,
Washington, D.C., April 27, 1966.

Hon. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs,
U.S. Senate.
DEAR Mn. CHAIRMAN: We wish to thank you for your letter of August 4, 1965,

giving us the opportunity to report on S. 2282. The bill is entitled "To authorize
the Secretary of the Interior to conduct a program of research, study and surveys,
documentation, and description of the natural environmental systems of the
United Stats for the purpose of understanding and evaluating the condition of
these systems and to provide information to those concerned with natural
resources management, and for other purposes."
The bill would authorize a comprehensive program of research and study to

describe, understand, and evaluate the natural and man-caused changes or trends
in our natural environmental systems. In order to carry out these provisions,
the Secretary of the Interior would be authorized (1) to conduct investigations,
studies, surveys, research, and analyses; (2) to document and define changes in
the natural environment, including the plant and animal systems, and to accumu-'
late necessary data and other information for a continuing analysis of these
changes or trends and an interpretation of their underlying causes; (3) to
develop an inventory of natural resource development projects, engineering
works, and other major projects such as, but not limited to, eradication projects
contemplated or planned by public or private agencies or organizations which
may make significant modifications in the natural environment; (4) to establish
a system of collecting and receiving information and data on ecological research
and evaluations which are in progress or are planned by other public or private
agencies or organizations, or individuals; (5) to evaluate and disseminate in-
formation of an ecological nature to public and private agencies or organizations,
or individuals in the form of reports, publications, atlases, and maps; (6) to
initiate and utilize ecological information in the planning and development of
resource oriented projects; (7) to encourage other public or private agenciesplanning development projects to consult with the Secretary on the impact ofthe proposed projects on the natural environment; (8) to encourage and assist
public or private organizations, including educational institutions, museums, andbotanical and zoological gardens and other scientific or conservation organiza-
tions to acquire, designate, and maintain representative samples of importantnatural environmental systems and to encourage such agencies and organizations
to utilize existing areas under their control or jurisdiction for such purposes; and(9) to establish through interagency coordination, on federally owned lands, aFederal system of natural areas for scientific purposes, and develop the means
and methods for withdrawal of such areas from nonconforming uses, and providefor their management and protection to serve the natural research needs of all
agencies, both public and private. In addition, the Secretary of the Interiorshall consult with and provide technical assistance to Federal agencies andobtain from them whatever information, data, reports, advice, and assistance areneeded and can reasonably be furnished in carrying out the purposes of the bill.Any Federal agency furnishing advice or assistance hereunder may expend itsown funds for such purposes, with or without reimbursement. The Secretarywould be authorized to make grants to public and nonprofit private universitiesand colleges in the several States and possessions of the United States for the pur-pose of training persons, including scientists, technicians, and teachers, neededin the field of ecology and related fields.
While this Department agrees that there is a need for further and continuingresearch into the national environmental systems of the United States, we believe

4
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that study and research under the broad scope of S. 2282 might, to a large extent,
overlap and unnecessarily duplicate and complicate activities now carried out
by this Department.
This Department has many programs in research on soil and water conserva-

tion and forestry that deal with the problems discussed in the bill, the research
program of the Forest Service presently includes studies of the natural environ-
mental factors affecting most of our renewable natural resources, including for-
ests, forested and related range lands, wildlife habitat, recreation, and water
conservation and watershed management. Such research embraces all aspects
of the ecology of most of the organisms that make up or effect the whole or any
part of these resources. Study of related sociologic and economic factors are also
a part of this research. The research activities of the Agricultural Research
Service also involve ecology and our natural environmental systems. The Soil
Conservation Service has the national leadership for the National Cooperative
Soil Survey which is actively engaged in classifying and mapping the soils of the
United States. The soil survey reports include interpretations of the basic soils
information for all suitable uses of the land including natural vegetation and
wildlife. Broader ecological studies could overlap or duplicate this effort.

Section 2(3) of the bill would authorize the Secretary of the Interior to develop
and maintain an inventory of both public and private projects which may make
significant modification in the natural environment. Adequate inventory records
are now kept by many agencies. The inventory proposed by S. 2282 might dupli-
cate these records. It would appear to require the establishment of an extensive
new records and reporting system covering numerous public and private activi-
ties, large and small. Concomitantly, such a program would appear to require
a large organization to assemble, analyze, clarify, and record the inventory infor-
mation. Furthermore, so many known and unknown activities or related factors
make, or may make, significant modifications in natural environment systems
that definitions and criteria for inventory subjects would be a task of major
proportions in itself.
The research organization and programs of this Department extend to both

public (Federal, State, and local) and private lands. We cooperate actively
with other public and private research organizations, including the schools and
universities of our Nation. The results of our research program, and the benefits
therefrom, are disseminated or available to and used by both public and private
land owners in the management of their natural resources. Research of natural
environmental systems as S. 2282 would authorize does not appear to lend itself
to area limitations such as National Forests, National Parks, or other political
or administrative jurisdictions.
We believe that the program proposed in S. 2282 could result in unnecessary

duplication of public research activities.
Unnecessary duplication should be avoided. In part in recognition of this

problem the President, in the natural beauty message of February 8, 1965, asked
the Director of the Office of Science and Technology and the Director of the
Bureau of the Budget "to recommend the best way in which the Federal Govern-
ment may direct efforts toward advancing our scientific understanding of natural
plant and animal communities and their interaction with man and his activities."

Therefore, while we offer the above comments for the consideration of the Com-
mittee, we believe it would be best to defer further action on S. 2282 pending
completion of an OST—BOB study which is under way pursuant to the President's
directive. The recommendations made as a result of that study should offer the
best way to accomplish the objectives of improving and expanding our under-
standing of ecological problems.
The Bureau of the Budget advises that there is no objection to the presentation

of this report from the standpoint of the Administration's program.
Sincerely yours,

ORVILLE L. FREEMAN, Secretary.

SMITHSONIAN INSTITUTION,
Washington, D.C., April 26, 1966.

Hon. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs, U. S. Senate, Washing-

ton, D.C.
DEAR SENATOR JACKSON: Thank you for your requests for the views of the

Smithsonian Institution on S. 2282, a bill "To authorize the Secretary of the In-
terior to conduct a program of research, study and surveys, documentation, and
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description of the natural environmental systems of the United States for the
purpose of understanding and evaluating the condition of these systems and to
provide information to those concerned with natural resources management, and
for other purposes."
This legislation would authorize the Secretary of the Interior to conduct a

program of research into our natural environmental systems. In brief, it would
authorize the Secretary to (1) conduct studies of natural environmental systems
in the United States and to make grants and contracts for such studies to be made
by universities, museums, botanical gardens, and qualified individuals; (2) es-
tablish a clearinghouse for information on ecological problems and studies and
to disseminate information about progress in the field; (3) establish a program
in which representative natural environments on Federal lands could be set aside
for scientific study, and to assist and encourage the setting up of similar pre-
serves on State and private lands; and (4) participate with other governments
and international bodies in environmental research.
The Smithsonian Institution favors the objectives of S. 2282 and would be

pleased to send a representative to testify at your Committee's hearings on this
legislation.
This legislation is concerned with a program that is vital to the future of the

United States. Throughout the history of the world, various nations have risen
and fallen in accordance with overexploitation and deterioration of their resource
bases. If we are to avoid the same pitfall, we must provide a scientific founda-
tion for conservation, development and effective use of our forests, grasslands,
watersheds, and animal resources. The ecological knowledge we gain may be
useful also in improving the practices of nations we rely on for essential raw
materials, experimental organisms, and field research opportunities. This bill
comes at a crucial time in our history when we still have the potential re-
sources to support a vigorous nation. A marked expansion in the Nation's eco-
logical research is considered to be essential to our economic survival and
international leadership.
The President, in the Natural Beauty Message of February 8, 1965, asked the

Director of the Office of Science and Technology and the Director of the Bureau
of the Budget "to recommend the best way in which the Federal Government
may direct efforts toward advancing our scientific understanding of natural plant
and animal communities and their interaction with man and his activities."
While we offer the above comments for the consideration of the Committee,

we believe it would be best to defer further action on S. 2282, pending com-
pletion of an OST-BOB study which is under way pursuant to the President's
directive. The recommendations made as a result of that study should offer
the best way to accomplish the objectives of improving and expanding our ecolog-
ical programs.
The Bureau of the Budget advises that there is no objection to the presenta-

tion of this report from the standpoint of the Administration's program.
Sincerely yours,

S. DILLON RIPLEY, Secretary.

NATIONAL SCIENCE FOUNDATION,
OFFICE OF THE DIRECTOR,

Washington, D.C., April 27, 1966.
Hon. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs, U.S. Senate, Washington,

D.C.
DEAR Mn. CHAIRMAN: This is in further reply to your request for the views of

the National Science Foundation on S. 2282, a Bill "To authorize the Secretary of
the Interior to conduct a program of research, study and surveys, documentation,
and description of the natural environmental systems of the United States for the
purpose of understanding and evaluating the condition of these systems and to
provide information to those concerned with natural resources management, and
for other purposes."

It is, of course, highly important that the deterioration in our environment be
recognized and that research information be developed which can be utilized to
help minimize such deterioration. S. 2282 is couched in such general terms,
however, that it is difficult to determine the exact means being proposed under
the Bill to achieve these objectives. Moreover, it should be recognized that there
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are various Federal programs in existence whose activities are concerned with
the natural environment and which should be continued. We, therefore, believe
that Section 2 of the Bill needs to be clarified with respect to the activities which
would be authorized.
In addition, we question the desirability of Section 8, which would authorize

grants to universities and colleges for the training of persons needed in the field
of ecology. In our view, there is already a sufficient number of fellowship, train-
ing grant and other similar programs covering the various scientific fields. In
any event, we consider it undesirable to orient one such program to a particular
field of science.
The President, in the Natural Beauty Message of February 8, 1965, asked the

Director of the Office of Science and Technology and the Director of the Bureau
of the Budget "to recommend the best way in which the Federal Government may
direct efforts toward advancing our scientific understanding of natural plant and
animal communities and their interaction with man and his activities."
While we offer the above comments for the consideration of the Committee, we

believe it would be best to defer further action on S. 2282 pending completion of
an Office of Science and Technology-Bureau of the Budget study which is under-
way pursuant to the President's Directive. The recommendations made as a
result of that study should be of major assistance in arriving at the best way to
accomplish the objectives of improving and expanding our understanding of
ecological problems.
The Bureau of the Budget has advised us it has no objection to the submission

of this report from the standpoint of the Administration's program.
Sincerely yours,

LELAND J. HAWORTH, Director.

EXECUTIVE OFFICE OF THE PRESIDENT,
BUREAU OF THE BUDGET,

Washington, D.C., April 26, 1966.
Hon. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs,
U.S. Senate, Washington, D.C.
DEAR MR. CHAIRMAN: This is in reply to your request of August 4, 1965, for

the views of the Bureau of the Budget on S. 2282, "To authorize the Secretary
of the Interior to conduct a program of research, study and surveys, documen-
tation, and description of the natural environmental systems of the United
States for the purpose of understanding and evaluating the condition of these
systems and to provide information to those concerned with natural resources
management, and for other purposes."
In his Natural Beauty message of February 8, 1965, the President asked the

Director of the Office of Science and Technology and the Director of the Bureau
of the Budget "to recommend the best way in which the Federal Government
may direct efforts toward advancing our scientific understanding of natural
plant and animal communities and their interaction with man and his
activities."
In order to develop such recommendations, the Office of Science and Tech-

nology and the Bureau of the Budget have engaged in a study with the aid of
the affected Federal agencies. A major step in this study has been to identify
relevant ecological activities now being conducted by Federal agencies and to
determine the adequacy of existing statutory authority for the conduct by
appropriate agencies of needed efforts in this area. With the help of the Fed-
eral agencies that have supplied information on existing programs together
with their evaluations of the adequacy of current statutory authority relative
to their own agencies' activities, this portion of the study is essentially complete.

Using this information as a base, OST and BOB staff are completing a draft
study report which includes proposed recommendations as requested by the
President. We expect to circulate copies of the draft to the agencies for their
comments and recommendations shortly.

After receipt of the agency comments and following whatever adjustments
may be necessary in the report, a final report, with recommendations, will be
prepared. Every effort will be made to complete the report before the end of
the current session of Congress.
The results of the study should prove useful to the executive agencies and

the Congress in considering appropriate steps to deal more effectively with the
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challenging problems of ecology. Accordingly, we strongly recommend that
further consideration of S. 2282 be deferred until the report has been completed
and its recommendations considered by the President.

Sincerely yours,
WILFRED H. ROMMEL,

Acting Assistant Director for Legislative Reference.

Senator NELSON. We have now the Secretary of the Interior, who
has some immediate commitments elsewhere.
Secretary Udall, would you like to comment?

STATEMENT OF HON. STEWART L. 'UDALL, SERETARY OF THE
DEPARTMENT OF THE INTERIOR

Secretary UDALL. Mr. Chairman, I do not have a prepared state-
ment. Secretary Cain, who is with me does have and he will testify
in detail with regard to the Department's position on this legislation.
I am keenly interested in the legislation, however, and I wanted to
make a brief statement indicating my own views with regard to it.
There is one thing I think has come through very plainly in recent

months. The complexity of modern conservation problems has be-
come more and more clear to all of us, and it is the interrelationship
of all resources that is increasingly important in understanding them.

Therefore, the development of what we might properly call the
ecological approach, I think, is more and more vital in terms of
mastering these new conservation problems. This is the reason I hope
we can perfect legislation that is similar to this and enact it. Ecology
is a word that I think was largely familiar only to the members of the
scientific community a few years ago. It has now become a rather
common word. I hope it becomes more common because of its im-
portance to those of us who are not scientists. This is, as I regard it,
the science of the web of life and of its interrelationship to the whole
of resource or to all of our resources.
Therefore, I think that the legislation the chairman has proposed

and the discussion which will take place here with regard to formu-
lating legislation are very timely and I simply want to indicate my
own applause generally for the interest that has been aroused in this
type of legislation.

Senator NELSON. Thank you, Mr. Secretary.
Do you have any questions?
Senator JORDAN. No questions.
Senator NELSON. Thank you.
Senator Birch Bayh of Indiana has a statement for the record.

STATEMENT OF SENATOR BIRCH BAYII, A 'U.S. SENATOR FROM THE
STATE OF INDIANA

Senator BAYH. Mr. Chairman, it is a pleasure for me to support
S. 2282, Senator Nelson's ecological research and survey bill. The
general purpose of this measure is to authorize a comprehensive pro-
gram of research, studies, and surveys of our natural resources and
environment. Its goal is the development of a basis for the future
protection, enhancement, and proper utilization of the natural environ-
mental systems of the Nation.



•

ECOLOGICAL RESEARCH AND SURVEYS 11

It is my understanding that S. 2282 represents the first comprehen-
sive, nationwide approach to analyzing the problem of the interde-
pendence of our natural environment. To accomplish this it would
authorize the Secretary of Interior to take the following actions:
conduct investigations of natural environmental systems in the United
States; ; make grants and contracts for such studies; establish a clearing-
house for information on ecological problems; disseminate informa-
tion about progress in the field; establish a program in which repre-
sentative natural environments on Federal lands could be set aside
for scientific study; assist and encourage the setting up of similar
preserves on State and private lands; and participate with other gov-
ernments and international bodies in environmental research.
Mr. Chairman, this bill is greatly needed. It promises to fill a sig-

nificant gap in knowledge about our total community. Only partial
studies of the problems of our natural environment have been avail-
able. We have failed frequently to consider how the pollution of
one river affects the balance of life on others with which it is con-
nected. We have failed to explore the effects of air pollution in a
small area in the surrounding territory.
As Senator Nelson pointed out when S. 2282 was introduced, the

rapid development of civilization has brought about a widespread
abuse and destruction of natural environmental balances. The effects
of this are not well understood and their implications for the future
are unknown. It is essential that we gain a basic understanding of
the interrelationship of the natural community and the changes that
have occurred and are occurring as a result of our agricultural prac-
tices, resource exploitation, and technological advances.
Although man-made communities grow larger and more remote

from the world of nature every day, that very growth has profound
consequence upon nature itself. The air and water pollution of many
cities and industrial communities greatly affect the natural balance
of animal and plant life throughout the country. As civilization has
"advanced," man has many times been a destroyer and a polluter,
upsetting the natural balances of nature.
This need not be so. An adequate comprehension of ecological prin-

ciples and basic knowledge of the present situation would enable man
to utilize the many natural resources of this country with little impair-
ment or without depriving future citizens of their enjoyment.
In the past whole population of animals and birds have been

slaughtered for their food, fur, or feathers. Grasslands have been
ruined, forests completely cut down. Besides direct devastation of
much of our natural vegetation and wildlife, we have wrought even
greater harm by causing serious pollution of lakes, rivers, and harbors,
and by irreparable damage to the soil an loss of ground water reserves.
The sad story of Man's destruction of his natural environment

throughout the world has been effectively told. The application of
an intelligent understanding of our natural communities is necessary
to help avoid these mistakes. Man is inescapably a part of his en-
vironment. With intelligence he may help guard against the develop-
ment of danger spots, but without intelligence man accelerates
destruction.
In conclusion, Mr. Chairman, it seems to me that this bill is worthy

of serious consideration by the committee and that its basic features
should be reported favorably to the Senate.
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Senator NELSON. I have a statement from Congressman Bennett of
Florida who has introduced a companion bill in the House. His
statement will be included in the record at this point.
(The statement referred to follows:)

STATEMENT OF HON. CHARLES E. BENNETT, A U.S. REPRESENTATIVE IN CONGRESS
FROM THE STATE OF FLORIDA

Mr. Chairman, I appreciate the opportunity to present a statement to your
Committee, considering legislation to authorize the Secretary of the Interior to
conduct a survey of our natural environment which will lead to a more beautiful
and enjoyable place in which to live.
Today our nation faces a great problem which occupies much headline and

radio and television time—the population explosion. The challenge confronting
us is an expanding population in a static area. People are taking up all the
space and what is left of our open areas, particularly the naturally attractive
areas. What we need today is planning for this dilemma of too many people
in not enough space. I like what Don Marquis wrote: "If the world were not
so full of people, and most of them did not have to work so hard, there would be
more time for them to get out and lie on the grass, and there would be more grass
for them to lie on."
What we are considering today is where the grass is, and can we save some for

our future generations to lie on.
In order to do this we need planning. The legislation before the Committee

today would give the Secretary of the Interior the authority to make an extensive
survey to see what is left of our natural environment and if there is some way
of keeping plants and animals around for our children to enjoy.
I have lived in Florida for over 50 years and in my state, we have a prime

example of what can happen if wide areas of outdoors are not protected by
public spirited people or the local, state or federal governments. In Florida,
ninth largest state in the nation and the fastest growing large state in the
country percentage-wise, all lands not protected by conservation-minded people
are destined to become fifty-foot lots. In the last decade Florida has grown in
population by fifty-five percent, and, of course, our land area has remained the
same. There are not many wide open, interesting outdoor spots left in my
state, and that is the important reason why I have been a prime sponsor of the
Wilderness Preservation Act and the Land and Water Conservation Acts, the
landmark conservation bills, passed in the 88th Congress and earlier legislation
like the Key Deer Refuge. I have seen our beautiful outdoor areas dwindle and
turned into asphalt highways and acres of shopping centers. These things are
necessary to take care of our expanding population, but the planning and the
thought behind them has been dreadful.

Vice Admiral H. G. Rickover (U.S. Navy) has outlined our responsibility in
this: ". . . government has as much a duty to protect the land, the air, the
water, the natural environment of man against such ( technological) damage,
as it has to protect the country against foreign enemies and the individual
against criminals . . ."
Most of the open land in our country today is where the people aren't. We

have an obligation to protect what plant and animal life and natural environ-
ment we have left in this country. We can do that by adopting this bill, which
will document and define changes in the natural enviornment, maintain an
inventory of projects and developments in our land, and establish a system of col-
lecting and receiving information and data on ecological research. When we
have started this survey we will have taken a giant step forward to preserve
for generations to come what is left of our outdoors.
Mr. Chairman, my bill, H.R. 9955, was adapted from S. 2282. I would like

to suggest one change in the Senate bill. On the first page of the bill it refers
to "transportation systems" as one of the elements effecting change in our
country. In my bill, I have inserted on page three, line four, the word "trans-
portation" which seems to be an appropriate inclusion in respect to the other
Federal programs mentioned. If it is omitted it might be erroneously inferred
that approved transportation projects would be accidently endangered.
Mr. Chairman, I congratulate the sponsors of this legislation. It is an

important step in preserving conservation resources in our country. Future
generations will applaud this effort.
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Senator NELSON. Now we- have fortunately a very fine response

that has come with respect to this legislation and very fine response

from a substantial number of distinguished scientists and conserva-

tionists around the country. It is so fine a response in fact we have

listed 22 witnesses. It will be difficult to go through all of this testi-

mony in great detail. It would be helpful in terms of getting our

hearings concluded today, since we do have a session for this after-

noon it would, be helpful if you could summarize your statements if

it turns out it would be a more economical use of time.
All statements presented will be printed in full in the record. So

those of you who find that you can summarize the main points of your

testimony more quickly and as effectively as though reading the testi-
mony, then we would appreciate it if you would proceed in that

fashion although you are authorized to handle it in any way you wish.
Senator NELSON. I now call upon Dr. Stanley A. Cain, Assistant

Secretary of the Interior for Fish and Wildlife and Parks.

STATEMENT OF STANLEY A. CAIN, ASSISTANT SECRETARY FOR

FISH AND WILDLIFE AND PARKS, DEPARTMENT OF THE IN-

TERIOR

Mr. CAIN. Mr. Chairman, members of the committee, one striking
feature of modern civilization is the development of means to antici-
pate and avoid natural and man-caused disasters and unfavorable
events, and to mitigate conditions we do not like. We have weather
forecasting, traffic lights, flood control, market predictions, interest
regulation, and a host of other 'highly developed systems for antici-
pating and influencing changes, trends, and future events. This capa-
bility is accepted as one of the highest functions of our technology.
But in this country and most others, our concern has been confined

largely to specific expected events. We have paid precious little atten-
tion to what is happening or will happen to the total environment.
One has only to look at the landscape and the general environment
with a perceptive eye and an historic appreciation to read warning
signs that we need to devote effort also to forecasting changes in our
living environment. Our capability to effect massive changes in our
environment has not been accompanied by an equal capability to assess
the consequences of these changes in terms of man's total needs.
Man does not, in fact, could not, live in a biological desert. We

depend directly on many kinds of living things for our subsistence
and for many of the pleasures of our lives. Our forestry and agri-
culture are based on a deep-rooted knowledge that if the environment
is favorable these resources will renew themselves. Yet the line be-
tween favorable and unfavorable is often very thin, and may be
markedly different between species and from place to place.
In altering environments, deliberately or unintentionally, we must

recognize that we may make conditions either more or less favorable
for any given species. We must also recognize that, just as man de-
pends on an assortment of natural resources, so too does each other
living organism depend on an assortment of its own.

Obviously, then, the species of plants and animals we depend on in-
directly are many times more numerous than those we use directly.

65-624-66----2
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They include seemingly insignificant micro-organisms that turn bitsof organic material into inorganic nutrients that can be used againby plants. They include invertebrates that reduce dead plants andanimals to smaller organic pieces. They include invertebrates thatare food for birds and fish, and insects that pollinate flowering plants.These interacting living systems serve to capture and store energyfrom the sun, to recycle mineral nutrients, to purify our air, land,and water by decomposing pollutants; and to convert plant-storedenergy to foodstuffs man prefers. The living and nonliving parts ofour surroundings are thus inextricably bound together.Together, they constitute man's environment. And no one, wher-ever he may live, is independent of this environment. When we alterthis environment, we must take care that we do not decrease its effi-ciency and hence its capacity to fill our needs. On the other hand, withthe application of new knowledge we can enhance the productivity ofnature.
On intensively managed areas we can see incipient problems andtake necessary steps to guard against unwanted changes. On our lessintensively managed lands and waters, such changes are harder todetect, less easy to correct, but may be no less important.As a result of technological advances, urbanization, populationgrowth, communication and highway systems, agriculture, irrigationand other natural resource developments, the distribution of plantsand animals and the communities they form in the United States showsstriking differences from years gone by.
There have been losses in interesting and valuable species and over-all increases in weeds, pests, and other unwanted species. Valuableelements of natural communities have disappeared or become so re-stricted in area and in numbers that they may never recover. Manyplaces of outstanding interest and beauty have been set aside for pro-tection, but through lack of knowledge or sometimes indifferent man-agement, their value has waned or may have been lost.Some examples of unwanted environmental changes and their prob-able causes are—

Over 500,000 acres of scarred landscapes in populated andscenic areas and 2,500 miles of streams polluted with acid waterbecause of strip and open pit mining—in the Eastern States.Loss of fish and wildlife from pollution such as that caused bydrainage of agricultural chemicals into streams and rivers, andby temperature changes resulting from use of water for cooling.Desiccation of the Florida Everglades and intrusion of saltwater which have combined to endanger waterfowl, fish, grass-lands, and endemic trees, resulting from mismanagement of water.Some changes in today's environment are the result of the cumula-tive impact of many single and sometimes unrelated events. Althoughthe managers for each single action may know what takes place intheir sphere of immediate interest, there is no total evaluation that willconsider the cumulative effects. Thus, one dam may do little to alterthe environment of a stream, but many dams may completely changethe natural situation. Filling 1 acre of estuarine marsh may causelittle change, but filling many acres may eliminate necessary nurserygrounds for valuable marine resources.
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These examples show that a complex variety of seldom recognized
and often unbelievably subtle changes are associated with resource
development. Actions which appear sensible and desirable may have
far-reaching and unpleasant consequences not readily foreseen and
possibly not even appreciated over a span of many years. Many of
these result because changes are distant in time or place from the fac-
tors that caused them. Furthermore, any single change may be so
slight as to be almost undetectable. Some are irreversible. A slowly
dropping water table or a change in the balance of numbers between
small organisms, the very existence of which may be unknown, are
often potent factors in the deterioration of a countryside.
The trend of the past has been toward deterioration in the quality

of much of our environment. A half century from now new balances
of natural forces will exist. They will be caused by the course of
natural events and interactions with man's activities. If we fail to
make an assessment now, the changes of a half century will be impos-
sible to document. Wherever possible, every effort must be made to
recognize and to predict the changes to come. Wherever possible, les-
sons learned from past experience should be used to advantage in deci-
sionmaking by planners, managers engineers and conservationists—
in fact, by all who are concerned with the manipulation of our
environment.

Ecological understanding—that is, knowledge of interrelations
among things—is basic to the optimum development of our natural
resources. Without such knowledge we are neither able to exact the
greatest gain from our surroundings nor to avoid loss to one resource
in the process of using another. In short, ecological understanding is
necessary to assure that environmental manipulations undertaken for
the benefit of man are in fact beneficial.
Much of the ecology of the past has been directed to understanding

the requirements of single species. We need more of this. But even
more, we need to understand populations and communities of plants
and animals as they interact in nature. The need today is for sys-
tematic study of whole ecological systems, for no species is independent
of the ecosystem in which it exists.
Present patterns of support of ecological research tend to provide

highly useful pieces of information, but the picture they provide may
be distorted or blurred. Methods akin to those of systems analysis and
operations research would help us assure that the right pieces are avail-
able at the right time so that understanding of the system may be
more complete.
Because wise use of natural resources depends on ecological knowl-

edge it is essential that each agency responsible for natural resources
in Interior and elsewhere conduct such research. But because ecology
does underlie so many programs, it is equally essential that some means
of coordination be established to assure that all of the necessary
research is supported.
We, in Interior, are deeply concerned with ecology as a basis for

management of water, fish and wildlife, parks, and other public lands.
Because so many of our bureaus have needs in ecology, and because
these needs extend beyond specific bureau missions, we intend to pro-
vide a central focus at the Department level. In this way, Interior can
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provide a sort of infrastructure of basic ecological research which will
provide the understanding on which applied ecology in all fields can
stand and grow.
The time has come when the United States should no longer con-

centrate only on solving parts of indivisible problems. The time has
come when we can no longer afford to proceed on a basis of uncoordi-
nated specialties. A means of looking at the entire environmental
complex, and integrating the results of partial approaches has become
essential. The increased rate in the use of processes that influence the
environment makes this mandatory if we are to anticipate and avoid
unfavorable consequences, as well as take full advantage of our ability
to effect desirable environmental change.
In sum, we are in an era of change and complexity. Through

technological advance we are continually gaining new powers to alter
our environment for better or for worse. At the same time, we are
developing a deeper awareness of the importance of maintaining a
sound, attractive, and healthful environment if we are truly to enjoy
full human existence. To realize the benefits of modern civilization
without also eroding the fundamental physical and biological bases
for our tenure on earth is a problem whose complexities we can now
only dimly perceive. Broad ecological research has a central role in
attacking this vital problem.
It is a pleasure to have this opportunity to appear today for the

Department of the Interior. We will do our best to answer any
questions you may have.
Senator NELSON. Thank you, Dr. Cain. Do you know how much

money is spent on ecological research by the Federal Government now?
Mr. CAIN. The answer to that will have to be qualified. Let me

give you some figures which I had gathered on this for Interior and
then make the qualification afterward. It seems that in Interior the
Bureau of Commercial Fisheries, which is heavily a research bureau,
will spend about $13.6 million for fiscal 1966. This includes studies
of environment and environmental effects and ecological processes
and factors as they affect essentially commercial fisheries or species.
The Bureau of Sport Fisheries and Wildlife spends about $8.9 mil-

lion. The Bureau of Reclamation spends about point $1 million.
Senator NELSON. Point $1 million?
Mr. CAIN. Yes, $100,000. National Park Service spends about

$40,000.
The Geological Survey spends about half a million dollars. I don't

have any figures from the Bureau of Land Management, but I know
for range management they are involved in ecological research and,
in some connections, forest management.
This totals a little over $23 million.
Then, Interior also is involved in grants and contracts in the ecologi-

cal field and this is particularly heavy in the Bureau of Sport Fisheries
and Wildlife, where, through Pitman-Robertson and Dingell-Johnson
authorizations about $7.6 million in fiscal 1966 is being extended to
the States largely for the same kinds of purposes as represented in
this bill.
BLM, Reclamation, Park Service, and Commerical Fisheries also

have grants. The total is about $9.5 million.
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Senator NELSON. Total for what? I thought you gave a figure of
$23 million.
Mr. CAIN. For grants. Interior agencies are spending $23.3 million

for their own work, and, in addition, for grants about $9.5. So the
total is some $32 million, roughly speaking.

Senator NELSON. These grants are to institutions, educational in-
stitutions, is that it?
Mr. CAIN. Well, the largest part of the grants is by the Fish and.

Wildlife Service to the States under Pitman-Robertson and Dingell-
Johnson authorizations.
Senator NELSON. Do you have any grants or contracts with research

organizations, private research organizations, or with universities,
in the ecological field?
Mr. CAIN. I would say about a third of the total which I mentioned.
Senator NELSON. A third of what total?
Mr. CAIN. $9.5 million. About a third of the total grants is to in-

dividual scientists, usually connected with colleges and universities.
Senator NELSON. Now, this research that is being done by Fish and

Wildlife and the Bureau of Land Management and Parks and so forth
within the Interior Department, is all of this money you mentioned
spent on what you would classify as ecological research?
Mr. CAIN. Yes; but this is the reason I prefaced these figures with

the remark that I think they need explanation.
Now, if we go back to Secretary Udall's statement when he said he

understood "ecology" to be the study of the web of life—I think it is
quite clear that all of the mission-oriented agencies whenever they
are dealing with living organisms in relation to environment they are
in the ecological business. So when the Bureau of Commercial Fish-
eries is dealing with the management and the harvest of commercial
species in the sea or fresh waters; when the Bureau of Sport Fisheries
and Wildlife is dealing with the management of game species and
other organisms; or when land managing agencies have the quality
of the forests and the pastures and the waters to maintain for what-
ever purposes, they are all in ecology.
Now, most of this ecology is mission-oriented in the sense that there

are specific, defined objectives involved with relation to certain species
at certain times—like certain relations to migratory waterfowl or game
animals, or certain relations to the quality of pasture with respect to
wildlife or cattle in BLM. Well, this is all ecology by our definition.
Senator NELSON. So that you would consider that the moneys spent

for research in forestry, or moneys spent on research on trout gill
disease or money spent on any of that type of direct mission-oriented
research, you would consider that ecological research?
Mr. CAIN. It depends a little bit on whether the money is spent for,

let's say, a physical facility which would be used for a certain biologi-
cal purpose, or whether the money is spent to acquire the information
or knowledge which permits you to manage with respect to certain
goals. I am close to claiming too much for ecology. Yet, if you are
dealing with a problem of physiology, or a problem of pathology, or
problem of structure and composition of a community, these may pro-
vide the kinds of information which bear upon the success in manage-
ment of whatever resources you are concerned with.

•
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Maybe I can make this clear by saying that ecology includes what
any organism's environment is—not only its physical environment,
like moisture relations and heat relations and chemical relations, but
also its relations to all other kinds of life—because the whole thing is
an interacting system.
I think the big deficiency at the present is that too little attention is

paid to the system within which individual actions occur, or individual
species play out their life roles.

Senator NELSON. That is what I was really getting at. If I under-
stand you correctly, by your definition of the appropriation spent by
the various agencies in Interior, any and all and every study that they
make, no matter how limited, of the flora or fauna or any particular
species is ecological research just by definition. Yet it is not a study
of a whole system or the whole relationship between living organisms;
is that correct?
Mr. CAIN. Yes. That is a very good distinction. Because inter-

relations are so all pervasive, there is a great temptation to claim much
too much for ecology. I don't want to do that, but I think it is fair
to say that within the field of forestry, management of forest lands
as complex communities is based on what the foresters call silviculture,
but they are applying forest ecology.
This is what it amounts to: It would be the same thing with range

management whether for domesticated livestock or wildlife; it is the
same thing for agriculture, that is, the knowledge which has been
gained about species or varieties of crops in relation to environment
forms the scientific basis for modern agriculture. Well, this is the
field of crop ecology, a perfectly respected field in agriculture. So
the applied field and the management field in living natural resources
have their roots in ecological science.
Furthermore, I think it is clear that there is an ecology of micro-

organisms and there is an ecology of the world—geochemistry—the
field of the interrelations of things on a global basis.
I think what we are talking about is this: How can we improve the

capacity of the Government to secure fundamental knowledge about
the systems to provide an underpinning or scientific foundation upon
which the applied sciences can build with greater security?
Senator NELSON. In the Forest Service or Interior Department it is

decided that they have to spray the forest after making a study, say,
in order to get rid of Dutch elm disease or moths that are attacking the
forests, so they have made an ecological study by your definition and
they have to get rid of the particular insects or moths, and that is
qualified as an ecological study, so they spray it with DDT and kill
everything else in sight.
As I watch the use of the pesticides, in the forestry field particu-

larly, it seems to me the ecologists, if they are the ones that are ad-
vising it, are not making a study of the whole system of the relation-
ship of the living things, plant and animal, or at least considering
that factor, are they?
Mr. CAIN. Well, there have been, I am sure, many instances in

which a pesticide has been applied without either knowledge or very
much concern about what might happen to the environment of others
in the target area in which the pesticides are directed.
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Now it is known in many cases that in application of a pesticide,
particularly in aerial application, only a small percentage

' 
maybe 3 or

5 percent of the chemical, will hit the target organism. We must ask
ourselves what happens to the 90-plus percent in the environment as
a whole, because such chemicals, like any other chemicals, move
through the system as one organism lives upon another. The ramifica-
tions of an applied pesticide through the dozens or even hundreds of
organisms that make up a community we may not know, and we may
not know where the surplus pesticide goes in the physical environ-
ment—the soil, water, or air. Sometimes we do know some has gone
in the air because we get sued for damage we caused somewhere else.

Actually, I think you put your finger on the critical point: We
have had a very narrow specialized approach to our problems in gen-
eral, whereas each of these approaches should be put in the frame of
reference of nature as a whole.
What is happening? What are we doing inadvertently, unthink-

ingly, out of our ignorance to the rest of nature? We sometimes only
discover this when we run into trouble.
Senator NELSON. So that the record would be clear as to your testi-

mony on this, do I understand you correctly or would this be a correct
statement of the expenditure of some $32 million that are made for
ecological research, that they are mainly or almost totally a specific
mission-oriented ecological project rather than a broad system study,
so to speak; is that correct?
Mr. CAIN. I would say so, largely. It is impossible for me to give

you a percentage. It should be said, in all fairness that all of the
bureaus feel the need for basic knowledge and seek it, if they can.
If you would like, I can give you a telling illustration. I don't want
to take too much of your time.

Senator NELSON. Yes.
Mr. CAIN. The Bureau of Commercial Fisheries is interested in very

important stocks of mid-Pacific fish such as tuna species. Their
study under what they call their "trade wind zone" program, is of
individual water masses—the physical characteristics of water masses
of the mid-Pacific. They are discovering that these water masses
may be characterized like air masses. That is, they have character-
istics of temperature and salinity and so on, and throughout the year
they move in space and shift from surface to depths and so on, much
as air masses move.
The reason for studying this physical environment is that they are

discovering that certain species of fish move as the environment moves,
and it helps to know where to seek and catch the fish for commercial
production. Well, they are relating the commerical species to en-
vironment and this is ecology. In order to know about this, they
have to study the physical environment of the ocean within this
limited scale. To draw the line between mission and applied ecology
on the one hand, and this fundamental search for information on the
other hand is almost impossible. I think in this case it is not neces-
sary.
So I am sure in these figures that I have given you as approximate

figures, there is quite a bit of what one would call "fundamental eco-
logical research.'
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Senator NELSON. Are any other agencies or departments in the
Government doing ecological research?
Mr. CAIN. Yes, sir. The Department of Health, Education, and.

Welfare, is concerned with human health and conditions of the envir-
onment that affect health, so they are certainly in this field. As a
matter of fact the medical people now have a field they call human
ecology which is the environmental aspects of human diseases.

Agriculture is in it, of course, the Atomic Energy Commission is
also concerned.
Senator NELSON. Of the things that this bill directs the Secretary

to do, how many, or how much of this is the Secretary accomplishing
without the authority of any legislation? How much could he
accomplish?
Mr. CAIN. Well, we have been considering for some time—sort of

incubating, because we have had no action yet—the idea of organizing
our own competence in the Department of Interior with regard to,
let's say, fundamental ecology, without any additional funding.
There are certain things we can do in terms of reorganization and
shifts of emphasis. We have had increasing coordination among the
several bureaus of the Interior.
I think my testimony touched on the fact that irrespective of what

legislation may be passed, we can do something ourselves to increase
our attention to ecological problems and to focus our interests on
systems.
For example, we have recently established in the Fish and Wildlife

Service two interbureau committees between the Bureau of Com-
mercial Fisheries and the Bureau of Sport Fisheries and Wildlife.
One is on estuaries, because the interests of these bureaus meet with
the fresh and salt water. Another is on anadromous fish. What we
are doing is increasing our capacities with the two committees to
coordinate our abilities on problems that each alone would not be able
to attack. This sort of thing we have under study, but have not
moved in terms of reorganization. It would not be extensive in any
case because we would not want to take away from any of our bureaus
what they have to do and what they have been doing.
Senator NELSON. Mr. Anderson?
Senator ANDERSON. This is somewhat news to me. You said quite

a bit of the money of this $32 million was being spent for ecological
research. Quite a bit, isn't it? Wouldn't you also say that.
Mr. CAIN. Quite a bit is.
Senator ANDERSON. Well, isn't there quite a bit that is not? The

figures you used there, it seems to me there is some work that is being
done that is not actually research but it is applied work, isn't that
right?
Mr. CAIN. I didn't mean to give you the impression this many mil-

lions was spent this way.
Senator ANDERSON. You said "quite a bit." How big a bit?
Mr. CAIN. Well, this is very difficult, Senator Anderson. I don't

really know what the percentage is. A good deal of research in the
sense of seeking knowledge about new relationships must be based OD
a sort of inventory and data-gathering effort. This is one level of re-
search. It is quite different from another level which might be called
experimental. I would say these figures which I have had given to
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me from the Bureaus are their estimates of what they are spending;
on ecological work. A considerable portion would be research by any-
one's definition. But some of it comes under data-gathering, leaving
research in a strict sense to analysis of the data and interpretation of
it.
Senator ANDERSON. A statement was made that quite a bit could

be done without legislation. Why don't you do that?
Mr. CAIN. We intend to do a little bit. As a matter of fact, we now

have in the Office of the Science Adviser in the Department of the In-
terior one man who was brought in particularly for the purpose of
studying ecological problems faced by the Department. He has some
assistance but one man does not give us a great deal of capacity, no
matter how good he is. I think the problem is more for us to explore
the possiblities by minor reorganizations within Interior. To do very
much, I think we must have legislation and an appropriation to sup-
port this kind of work.

Senator ANDERSON. There was some discussion of a Dutch Elm
disease. Would you characterize that as research? In other words,
don't you try to find out what causes it and then spray?
Mr. CAIN. It takes research to find out what causes the disease. It

takes research to understand the life history and requirements of a
disease-producing organism. It takes research to find out the possible
technique of control. Then you get to the point where you go ahead
and put your control in. That is not research any more That is opera-
tions.

Senator ANDERSON. Have you any idea of how much you spent on
research of the Dutch Elm and how much on control?
Mr. CAIN. No, Senator Anderson, I simply do not know; this is not

really in the Department of the Interior.
Senator ANDERSON. Don't you think it is important to find out?
Mr. CAIN. Yes; I think SO.
Senator ANDERSON. How would this affect that?
Mr. CAIN. Sir?
Senator ANDERSON. How would this bill affect what is now being

done in Dutch elm disease?
Mr. CAIN. Well, I, myself, had not conceived that Interior would

be directly involved in a problem like the dutch elm disease problem.
Senator ANDERSON. So those things are in the Department of Agri-

culture, would not be touched by the bill?
Mr. CAIN. They could be.
Senator ANDERSON. Well, I thought you said you couldn't see where

the Department was involved in the Dutch elm disease and if it is a
problem that had to do with ecology, why wouldn't it be?
Mr. CAIN. Well, let me say that I think forest pathology is certainly,

perhaps preeminently, a responsibility of the U.S. Forest Service
from the Federal point of view.
Senator ANDERSON. Well, the Department of the Interior handles

lands?
Mr. CAIN. We have many acres of land in forests and we do per-

form considerable forest management, this is true.
Senator ANDERSON. I found out from the Department of Agricul-

ture that Interior has a lively interest in forest control.

•
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Mr. CAIN. I don't know why I am arguing here for the Department
of Agriculture, but I am. They have the Agricultural Research
Service, and the Forest Service which include a large and competent
forest pathology research staff. I don't, myself, see any reason why
the Department of the Interior should be doing forest pathological
research. I see many reasons why we should be applying this knowl-
edge to the management of forest lands that Interior is responsible
for. I draw that difference.
Senator ANDERSON. I just wanted to know why this money is nec-

essary to get that sort of work done.
Mr. CAIN. I don't think it is.
Senator ANDERSON. Thank you.
Senator NELSON. Mr. Jordan.
Senator JORDAN. Dr. Cain under what authority are you presently

doing the $32 million of ecological research in the Department of the
Interior?
Mr. CAIN. Well, I think all of the agencies, or nearly all of them

in Interior, have authority for research in their organic acts and the
term "ecology" may or may not be used.
For example, the Fish and Wildlife Act of 1956, the Fish and Wild-

life Coordination Act give this Service responsibilities. I guess the
oldest is the Geological Survey, which has, through its history, been
involved in studies of the vegetation in relation to land form and
geological facts in relation to soil formation and so on. Geological
Survey today has several biologists working for it.
The National Park Service Act in 1916, the Public Lands Act and

Reclamation Act all give some degree of authority to the Federal
agencies to (a) manage lands and natural resources

' 
and (b) do re-

search in relation to the management problems. Now, some of the
research becomes ecological, depending on what kind is being done.
Senator JORDAN. Well, I understood you to say you needed legisla-

tion in order to change the emphasis or to properly emphasize pure
ecological research, or words to that effect, and I wondered if you
need this legislation to pursue ecological research further as you out-
lined here or if the authority is already inherent in the enabling legis-
lation that you have enumerated here.
Mr. CAIN. I think it would be a verygreat help to the Department

of the Interior for there to be congressional recognition of the histo-
rical fact that the way the bureaus have operated under their organic
acts has resulted in their not paying adequate attention to the whole
ecological systems in which they may have only a partial direct con-
cern. I think, also, that the time in history has come when we are
beginning to realize that scientific analysis, as necessary as it is, isn't
all that we need. We need synthesis of the information from the many
disciplines, we need to attack the systems as a whole. I rather suspect
if we went for any one bureau to the Bureau of the Budget with a
significant line item to do fundamental research, we would be asked:
"Well, how does this apply toward a certain goal, certain ends, and
how many dollars are you going to get out for these dollars of input?"
And it is not in the nature of basic science that you can produce a
bookkeeping like this.

A
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I think the big advantage in recognizing the need for competence
in fundamental ecology is the accompanying advantage that we have
in producing funding for such necessary research.

Senator JORDAN. Well, I agree with you to a certain extent. But I
wonder why the Department of the Interior is the proper department
for this. It would seem to me that Health, Education, and Welfare,
for instance, would have a more vital interest in it, having to do with
the ecology as it affects humans and that is what we are studying
finally and I just wonder why you think the Department of the
Interior has a special designation or should be specially designated to
do this system of research over and above, we will say, HEW—well,
let's say HEW.
Mr. CAIN. Well, we were careful to say in the testimony which I

presented, and I believe also in the Department's report to Senator
Jackson, that there is no purpose here to preempt the field of ecology
for one department. Obviously, it is impossible and is not needed.
I think I can clarify the difference for you.

Certainly, the Department of Health, Education, and Welfare is
deeply concerned with the quality of the environment as aspects of
human health. However, there are also many other aspects of the
environment which do not directly affect human health which the
Department of Health, Education, and Welfare will not be concerned
with paying attention to, such as fish and wildlife measures, or scenic
values or water. They will be interested in whether the quality of
water is such as to influence human health. I must say also that the
interest in human wealth is wider than I have just intimated but,
nevertheless, they cannot encompass and should not encompass the
whole field of environmental relations to man's interest.
On the other hand, the Department of Agriculture is deeply and

legitimately in this field because they are concerned with the produc-
tion of farm and range and forest products and the use of these plant
and animal communities by people under multiple use. But they
don't have concerns that go beyond their described objectives.
Now, Interior's interest, I believe, is very much broader because it

does deal with fish, it does deal with wildlife, and it deals with them
both in relation to products and in relation to services such as recrea-
tion. It deals with all kinds of lands and water, because the Depart-
ment has responsibilities for more than half a billion acres of lands,
nearly two-thirds of all Federal lands, with their attendant animal
and plant life. We have the general requirement for quality of
environment of all kinds of organisms, many of which are not com-
mercial products. So, I think far and away we have the broadest
responsibility in the natural resources field and consequently the
greatest need for fundamental ecological knowledge.
Senator JORDAN. Do you have any idea of how much money is

being spent on ecological research by other agencies, non-Federal
public agencies?
Mr. CAIN. I know that a great deal of money is being spent, I

don't know how much, by the State universities in ecological research.
A great deal of money is spent by State departments of natural re-
sources or conservation in forestry, game management, fish manage-
ment, and so on. Some of this money is for research, but I would
say the total national ecological effort was not very great.
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Senator JORDAN. Would you have any idea of what percent is sup-
plied by the private sector in ecological research, those people di-
rectly in industries involved?
Mr. CAIN. I would say that it is very difficult to tell.
Senator JORDAN. All I am trying to do Doctor, is establish the

scope of the effort, the magnitude of the ecological research effort that
is presently going on throughout the Nation in the Federal sector, in
the non-Federal public and in the private sector.
Mr. CAIN. Yes, sir. I can't give you anything but a general impres-

sion. The private sectors of our economy in agriculture, the private
farms, are progressively becoming more and more scientific in their
management. And they are making more and more utilization of
ecological kinds of information amona

b 
others. The same thing is

true with respect to privately owned industrial forests.
Private investment in agricultural economic research is almost

negligible but private investment in forest ecology is very consider-
able. I think today about half of the graduate foresters in the United
States are employed by industry. The other half are employed by
State and Federal Governments.
I would say, however, that industry, including mining and manu-

facturing industries, is almost completely without an ecological phi-
losophy or concern. I would also point out that this is not true of oil
and gas because the oil and gas people in most States in the interstate
compact are very much concerned about the interrelations among the
various phenomena that affect their oil and gas production, including
protection of the quality of the environment both underground and
above ground.
Senator JORDAN. Do you feel in the Department of Interior as the

coordinator, that agency of the Government which would stimulate
and coordinate all of this research activity by various other agencies
of the Federal Government and by the non-Federal public agencies
and by the private agencies, are you setting the Department of In-
terior up in that kind of category with this legislation?
Mr. CAIN. No, sir. I think what Interior is in a position to do or

could be in a position to do, is to attempt to coordinate and integrate
a rather vast amount of information which has been and is being
derived from ecological and other scientific studies. I think it is in a
position to study whole systems on a program basis which would be
impossible for a university or individual investigator, because these
are extremely complicated systems that require the technical input of
many disciplines. I think Interior is the ideal place to do this. I
don't think that any other agency of Government that I know, at
State or Federal level, is really even interested in doing this.
So I would say that gathering and the collating of information

and the production of new information on systems as a whole would
be logical for Interior but not to coordinate for the Government. I
don't know of any agency that would stand still for Interior coordinat-
ing its efforts.

Senator JORDAN. Section 10 says there are authorized to be appro-
priated such sums as may be necessary to carry out the provisions of
this act. How much do you calculate would be necessary to carry
out the provisions of this act?
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Mr. CAIN. I am sorry, sir I don't have a satisfactory basis for
answering that. I think the initial appropriations, if this program
is authorized, should be reasonable but not large let the effort demon-
strate its value, if it can, and grow as it convinces Congress that it
should be furthered.

Obviously the bill authorizes doing a very large number of things
which, if pursued on a very broad basis, would be very expensive and
would need a great deal of time. Actually, if many millions were
authorized for fiscal 1967 or 1968, I don't know where we would find
the people competent today to do all of these things.
But this is quite different from saying that we shouldn't get a

start. I would like to see a program funded to the tune of several
million dollars over the very near future in order to enable us to get
a start on the problem that I believe is fundamental to our capacity
to serve our national needs.

Senator JORDAN. Before it gets out of committee, Dr. Cain, some
of us will insist there will be a dollar sign on section 10. If you
would care to make a recommendation, I would be glad to have it and
precisely what that item should be.
Mr. CAIN. Mr. Chairman, we will be glad to study this problem.

Could you give a suggestion of how long the record will be open?
Senator NELSON. We will keep the record open for 10 days.
Mr. CAIN. We will be glad to submit an estimate of what we think

is feasible and practical for a start. This is what you wish, sir?
Senator JORDAN. Yes thank you.
(The information requested is as follows:)

DEPARTMENT OF THE INTERIOR,
OFFICE OF THE SECRETARY,
Washington, D.C., May 6, 1966.

lion. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs,
U.& Senate,
Washington, D.C.
DEAR MR. CHAIRMAN: On April 27, 1966, I presented oral and written testi-

mony on the ecological survey and research bill (S. 2282) before your committee.
Senator Jordan asked me to provide estimates of the costs of carrying out the
program authorized by the bill.
The bill would authorize the Secretary of the Interior to (1) conduct, intra-

murally or extramurally, in the United States, its surrounding oceans and in
other countries, basic research directed at understanding ecological systems;
(2) accumulate information on the status of the natural environment and to
maintain an inventory of programs, actions or events which may significantly
.change it; (3) make available ecological knowledge in suitable form to such
agencies and individuals as may find it useful in considering actions that will
affect the environment; (4) make grants available for training manpower neces-
sary in the fields relevant to ecology; (5) establish a Federal system of natural
areas for scientific research on Federal lands; and (6) assist in the establish-
ment of natural areas for scientific research on non-federal lands.
Estimated costs for items 1 through 5 are as follows:

Cost
Year:

1st  
2d  
 $2,

4,
000, 000
000,000

3d  6,000,000
4th  7,500, 000
5th  9,000, 000
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With regard to item 6, there will undoubtedly be some types of natural areas
not available on public lands, or not located in appropriate juxtaposition to insti-
tutions needing them. However, until an inventory of needed areas and an
inventory of areas available on public lands has been completed, the extent of
the need for assistance to non-federal agencies will not be known. Our estimate
of cost is therefore somewhat uncertain, and is based on the expectation that
future authorizations could be based on inventories of needs and availability.

Cost
Year:

1st  $1,000,000
24  1,000,000
3d  2,000,000
4th  3,000, 000
5th  4,000,000

This breakdown is based on the assumption that authorization could be pro-
vided separately for the two categories shown in the above cost estimates.

Sincerely yours,
STANLEY A. CAIN,

Assistant Secretary of the Interior.

Senator NELSON. Now, you stated that there was a considerable
amount of ecological research being done by scientists around the
country. Is there an example, a good example any place that demon-
strates the use of the ecologist's studies for the planning and develop-
ment of any project? For example, I notice that they have now filled
in 200 square miles of San Francisco Bay. It was about 520 square
miles and it is now down to 300-and-some square miles of water. Has
any study by anybody been made as to the ecological consequences of
filling in all of these spawning grounds and marshes and filling in of
that bay? Or if the Government engages in large projects—dams up a
huge river, or builds a huge reclamation project—have we used the
scientific knowledge of the ecologist to tell us in advance what are the
ecological consequences of this vast reclamation project or this large
dam or the filling up of the canyon and so forth do we use any of this
knowledge?
Mr. CAIN. I think the answer is a sort of qualified or limited "yes."

I will explain. Under the Coordination Act, the Fish and Wildlife
Service reports on proposed construction by the Corps of Engineers
and Bureau of Reclamation, dams, channel dredging, spoil deposits,
and so on. So the effects on fish and wildlife are reported. Now, we
have no capacity to come in on actions of the States in, say dredging
and filling of estuaries and bays or what may be accomplished by local
government.
Senator NELSON. What about the Corps of Engineers?
Mr. CAIN. Under the act we come in and tell them. They may or

may not take our advice.
Senator NELSON. But would you say that ecologists looking at the

evaluation that is made of a dam that fills up the Grand Canyon or a
reclamation project that affects a vast area, would you say that an
ecologist looking at the study that we make of it would say this is a
fine ecological study which tells us the effects on the total environment,
the whole system of the relationship of the insects and animals, and
all other living things—would you say that we do anything of that
nature?
Mr. CAIN. I think your question is bringing out a distinction be-

tween what the bureaus with their mission orientation can and nor-
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mally do do and what they don't do. For example, with respect to a
proposed dam or with respect to a proposed nuclear powerplant that
needs a lot of water for heat dissipation, we will report on the fish and
wildlife problems essentially in the sense of a huntable species and
what would be necessary to mitigate losses or perhaps what could be
done to enhance wildlife values because you get some values gained and
you get others that are lost.
But to report on the effects of the environment as a whole on the

ecological system as a whole, the answer is, "No." We may not know
whether there is an endangered species of fish that might be extermi-
nated by the construction; so it is a limited thing which the mission-
oriented bureau comments on. It is important but limited.

Senator NELSON. Is there any place in the United States where the
ecological research that is done is collected and classified and avail-
able? I don't refer to that that may be published in scientific journals
and therefore indexed in libraries, but I refer to all of the research
going on, much of which is not published.
Mr. CAIN. To my knowledge, there is no single governmental or

nongovernmental center for the collation and integration of ecological
information. It does not exist.

Senator NELSON. Would you consider that it would be important
that there be such a place where this scientific knowledge is collected?
Mr. CAIN. I certainly think it is important and that I think is the

import of the testimony.
Senator NELSON. Would you think that the Department of Interior

would be a logical place to collect and index and collate that scientific
research?
Mr. CAIN. I do. Now, I didn't really completely answer your for-

mer question about San Francisco Bay. To my knowledge there is no
general ecological study being made of the bay and the damage of this
filling. I can say, however, that the Bureau of Commercial Fisheries
has been engaged for a few years now on a study of Tampa Bay, where
perhaps between 15 and 20 percent of the bay has been filled behind
bulkheads and, in producing the material for the fill, there has been
about an equal percentage of the bay that has been dredged. These
studies reveal that after 10 years of dredging the bottom is, in effect,
a biological desert. Here is at least a third, perhaps more, of Tampa
Bay that has been completely destroyed from the point of view of
natural estuary conditions. Here is a bay in which there must be two
dozen species of commercial fish and shellfish that spend part of their
life. This is a loss in an estuary smaller than San Francisco that is
being studied thoroughly.
Senator NELSON. So after it is all filled, the ecologists will be able

to tell us what happened to it?
Mr. CAIN. That brings us to the other point. We have no present

means of control over what State and local governments do with re-
spect to endangered habitats.
Senator ANDERSON. Since the San Francisco Bay situation has just

begun you do recognize that the San Francisco people are interested in
what they call "saving the bay"?
Mr. CAIN. I do.
Senator ANDERSON. Commissioner Kerr, I think the wife of the

president, a woman I can't tell her full name, her first name is Peggy.
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her husband is a doctor, but they are very much interested in savino.
it. If you presented the problem to them couldn't they find the whore
Berkeley campus and other campuses, And there some people that
would make the study for you?
Mr. CAIN. Certainly, the scientific capacity to study almost every

aspect of San Francisco Bay exists in the University of California.
The problem there is that scientists are very free in universities, they
are individuals, and they determine to a large extent what kind of re-
search they will do. The advantage the Government has is that it can
program research and assign appropriate people to the solution of
the problem.

Senator ANDERSON. These are the most militant campaigners in this
State that I have ever seen and persistent letter writers and I can't
believe if they are asked to do it they would refuse. I think they are
doing everything they can and I commend them highly for it. They
are a wonderful group.
Mr. CAIN. Many citizen groups have arisen in the last few years

around the country concerned with the preservation of bays and es-
tuaries and wetlands in general. There is a very important citizen-
ship interest in this matter.

Senator ANDERSON. Thank you.
Senator NELSON. I have no further questions. Thank you very

much.
Mr. CAIN. Very well.
Senator NELSON. The next witness is Dr. Colin MacLeod, Deputy

Director of Office of Science and Technology.

STATEMENT OF DR. COLIN M. MacLEOD, DEPUTY DIRECTOR, OFFICE
OF SCIENCE AND TECHNOLOGY

Dr. MACLEOD. Yes.
Senator NELSON. Senator Anderson has to attend the swearing-in

of the new head of the Bureau of Indian Affairs and he will be gone,
but go ahead. You have your statement that you will submit and it
will be printed in full in the record at the end of your oral presenta-
tion, so it will be available to all of the members of the committee and
the Congress. If you can summarize the main points without im-
pairing the testimony, and you feel you can, we would appreciate it
because we are going to have difficulty getting to all of the witnesses.
Dr. MACLEOD. I shall attempt to summarize the main points, Mr.

Chairman.
I need not emphasize the importance of the subject because Dr. Cain

has already done this. I should say it was both clearly and eloquently
done.
The Office of Science and Technology and the present Science Ad-

visory Committee have had a deep interest for a number of years, sir,
in questions that relate to ecology.

There have been three reports issued from the present Science Ad-
visory Committee, for example, during the past three and a half years
that relate to this topic. The first of these is the report on the use of
pesticides. The second is the report on cotton insects and the last of
these, which was issued in November of 1965, is entitled "Restoring
the Quality of Our Environment."
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As I said, all of these are fundamentally ecological documents be-
cause they do deal with factors and influences that modify.
In the message on natural beauty in 1965, President Johnson asked

the Director of the Office of Science and Technology and the Director
of the Bureau of the Budget to recommend the best ways in which.
the Federal Government may direct its efforts toward scientific under-
standing of natural plant and animal communities and their interac-
tions with man and his activities.
We have been engaged with the Bureau of the Budget in this study

and we hope that we shall be able to complete it before too long. The
agencies were requested to describe their activities relating to im-
proved understanding of natural communities and the objectives for
undertaking this work. Interagency arrangements were made for
cooperative studies and the funds expended both for what you may
call in-house research and for grants.
There are eight agencies concerned with ecological research. We

have had responses from all of them, but we are in the position of hav-
ing to go back to complete our information in the case of two of the
agencies and this is being done at the present time.
As soon as we have completed this what I may call preliminary

review and analysis, we shall refer our analysis to the agencies for
their comments prior to preparing a final version.
The following agencies of the Government are concerned with nat-

ural plant and animal communities, also the relationship to man:
Department of Agriculture, Atomic Energy, Department of Com-
merce Department of Defense, Department of Health, Education,
and Welfare, Department of the Interior, as we have heard, the Na-
tional Science Foundation, and the Smithsonian Institution.
In fiscal 1965 these eight agencies expended approximately $87

million for their in-house activities, plus about $261/2 million in grants
and contracts. This figure, however, does not give the complete expen-
ditures because we have become aware recently that we have not,
included in our survey all of the expenditures that are directed specifi-
cally toward human -health.
As one would expect, and as Dr. Cain has already described, much

of these activities are strongly mission-oriented. Both the in-house
and sponsored research deal mainly with economically valuable species
such as those used by man for food and fiber, the foods of domestic
and game animals, and pests and disease organisms. There is a fair
amount of attention being given to recreational facilities and to game
species of birds and mammals.
Now, on page 5, sir

' 
of this brief statement, we have broken down

the total expenditures for fiscal year 1965 into a number of categories.
You will note the third one down, which is research on native plants
and animals and their interactions with man. We have a figure of 14
percent of the total of $113.5 million in that category.
Depending upon how one makes his definitions, this figure could be

a little higher or it could be considerably lower and there is a real
problem of definition that comes into it. In any case, if one accepts
the figure of 14 percent, this is roughly $16 million that is being
expended by all of the agencies on natural plants and animals and in-
teractions with man.

65-624-66, 3

•
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Senator NELSON. This is not mission-oriented research?
Dr. MACLEOD. Part of it is mission oriented it has to be, sir.
This breakdown, and what I have told you, really highlights the

need for improved collection and distribution of information related
to ecological subjects.
I should say that most, as I said earlier, of the work is strongly mis-

sion oriented. The largest part of what might be called "basic
ecological research" is being supported by three agencies, the National
Science Foundation, the Atomic Energy Commission, and Smith-
sonian, and this would be, in the purest sense, not mission oriented but
most of the research that is supported by the various other agencies
is strongly mission oriented.
Thank you, sir.
Senator NELSON. Would it be correct to say, then, that we are not

using ecological studies in the broadest sense of the word to assist us
in making decisions about actions that affect the environment? Would
that be correct?
Dr. MACLEOD. It wouldn't be entirely correct, sir. I think we do use

ecological research to a degree in making many of our decisions. I
think it is quite true, however, that we don't make enough use of
ecological research before we introduce large modifications into our
environment. We have not in the past. I would hope we would do
more in the future so we know what we are doing when we do it.
Senator NELSON. Thank you very much, Doctor. I appreciate your

coming. Your full statement will be included at this point.
Dr. MACLEOD. Thank you.
(The statement referred to follows:)

STATEMENT OF DR. COLIN M. MACLEOD, DEPUTY DIRECTOR, OFFICE OF SCIENCE AND
TECHNOLOGY

Mr. Chairman and Members of the Committee: It is a pleasure to appear before
the Committee to discuss the status of research on the understanding of natural
plant and animal communities.
In the past the natural environment was capable of withstanding much of the

impact from human populations. During modern times, however, population
growth and advances in technology have resulted in dramatic increase in ex-
ploitation of our natural resources to support our expanding agricultural, do-
mestic and industrial developments. Man has become the dominant influence
and stress on the earth's bioenvironment.

Ecological processes govern the success and fate of all living organisms. The
distribution of species and the vigor and size of their populations is controlled
by many factors such as availability of food, by disease, by properties of soils
and water, and climate. Some natural bioenvironmental processes build fertile
soils and others control the cycling of nutrients and energy on land, in fresh
water and in the oceans.
Our present state of knowledge of these and other important ecological proc-

esses is not sufficient for our welfare. For example, a better understanding of
the normal distribution and abundance of native plants and animals, and of the
role of bioenvironmental processes in controlling the distribution of populations
would assist in determining how specific land areas could be best used and pro-
vide a baseline for detecting and measuring future bioenvironmental changes.
Research on the causes and controls of fluctuations in natural populations and
knowledge of the factors which cause populations to endure in a stable fashion
have obvious importance relative to our use of both native and domestic plants
and animals and for improving our understanding of problems of human popu-
lations.
The Office of Science and Technology is keenly interested and has been actively

assessing various aspects of our Nation's needs in the bioenvironmental sciences
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for several years. A report on problems of pollution has recently been issued
which was prepared by a Panel of the President's Science Advisory Committee.
It is entitled "Restoring the Quality of Our Environment". This study focused
on the problems of pollution of air, water and land. It recommends actions to
prevent and control contamination of the environment.
This report of the President's Science Advisory Committee recommends that

the Federal Government expand 'substantially its in-house and sponsored research
in a number of broad areas including the metabolism, environmental cycling,
natural degradation, and long-term deposition of pollutants. It suggests that
more objective techniques be developed to measure the tolerance levels of dif-
ferent organisms to pollutants and to identify and assess the changes in abun-
dance and distribution of organisms making up biological communities under
pollution stress. It notes the need to assess the population structure of certain
natural populations in diverse, relatively unpolluted habitats by systematic
sampling in order to establish a basis for comparison with populations under
pollution stress.
The report notes that at the present little is understood concerning the struc-

ture and function of most plant and animal communities. Studies are there-
fore needed of the composition of natural communities, of the interactions among
organisms which make up these communities, and of the effects that various
physical, chemical and biological factors may have upon them. To adequately
conduct these studies, there is need for the development of techniques which will
enable more accurate sampling of organisms in the natural environment.
The report also notes the need for a center for gathering and distributing

ecological information.
In the Message on Natural Beauty, President Johnson ". . . asked the Director

of the Office of Science and Technology and the Director of the Bureau of the
Budget to recommend the best way in which the Federal Government may direct
efforts toward advancing our scientific understanding of natural plant and animal
communities and their interactions with man and his activities".
This study, which is currently nearing completion, will include evaluation of

topics relative to S. 2282. It will include a summary of the activities of Federal
agencies which contribute to the advancement of understanding of natural plant
and animal communities. The present legislative authorizations and the Fed-
eral organizational structure that pertain to this subject are being reviewed as
well as the needs for further ecological research and suggested priorities.
In conducting this study the agencies were requested to:

1. Provide a description of their activities which contribute to improved
understanding of natural communities and of the effects of environmental
change on indigenous organisms.

2. State the objectives for undertaking the work.
3. Describe significant interagency arrangements for making cooperative

studies.
4. Estimate the level of effort for FY 1965 and 1966 in terms of expendi-

tures.
5. Estimate in-house professional staff resources currently employed in

the studies.
6. Indicate the total number of grants let during FY 1965 and the overall

amounts of such grants.
We have received response from eight agencies and the results have been sum-

marized and analyzed. Additional information is currently being sought from
two of the agencies.
The next phase of the study will be to submit our analysis to the agencies for

review and comment which we plan to do shortly. Following this step the final
version of the report will be prepared.
The following agencies of the Federal Government are concerned with natural

plant and animal communities and their interactions with man: the Department
of Agriculture, the Atomic Energy Commission, the Department of Commerce,
the Department of Defense, the Department of Health, Education and Welfare,
the Department of Interior, the National Science Foundation, and the Smith-
sonian Institution.

Expenditures reported by the agencies for their research and survey activities
during FY 1965 amounted to about $87,000,000 for in-house activities plus about
$26,500,000 for grants and contracts. This totals about $113,500,000. Analysis
of the scope and objectives of the programs show, as could be expected, that most
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of these activities are strongly mission oriented. In general, both the in-house
and sponsored research are concerned with economically valuable species, such
as those used by man for food or fiber, foods of domestic and game animals, and
pests and disease organisms. Considerable attention is being devoted to recrea-
tional facilities and game species of birds and mammals and a large part of the
expenditures is utilized for studies of soil stability and hydrologic processes.
The total expenditures are distributed approximately as follows:

Percent
Surveys and inventories  33
Research relative to the production of foods and fibers (forestry 9 per-

cent, agricultural products and food fish 14 percent  23
Research on native plants and animals and their interactions with man  14
Research on soil and water usage and conservation  12
Taxonomy and other supporting activities  7
Ecological research related to health, pollution and pest control 
Ad hoc evaluations  1
Miscellaneous   5

A considerable portion of the 14 percent classed as research on native plants
and animals and their interaction with man is indirectly mission oriented such
as studies of the food organisms of fish and game birds and mammals. Most of
the basic ecological research is supported by the National Science Foundation,
the Atomic Energy Commission and the Smithsonian Institution.

It is planned that this report will be completed before the end of this session
of Congress.

Senator NELSON. Next is Dr. Sidney Galler, Assistant Secretary for
Science of the Smithsonian Institution.

STATEMENT OF DR. SIDNEY GALLER, ASSISTANT SECRETARY FOR
SCIENCE, SMITHSONIAN INSTITUTION

Dr. GALLER. Mr. Chairman and members of the committee, in be-
half of the Board of Regents and the Secretary of the Smithsonian
Institution, we thank you for the privilege of appearing before this
committee this morning.

Secretary Ripley asked me to extend his apologies and regrets for
not being able to appear this morning. There are compelling reasons
for his absence. He is a member of a steering committee dealing with
ecological problems on a worldwide basis that is meeting today.
We have a rather lengthy statement for the record, and if it is

acceptable, I would like to summarize the salient points.
Senator NELSON. We appreciate it very much, and your statement

will be printed in the record in full.
Dr. GALLER. Thank you, sir.
I will defer comments on the organization proposed in S. 2282 pend-

ing the completion of the study that is being conducted under the
auspices of the Office of Science and Technology and the Bureau of the
Budget pursuant to the President's message of February 1965.
However, I wish to state for the record that the scientific principles

recognized and enunciated in S. 2282 are both sound and most en-
couraging to those of us sitting in what I call the "gray world" of
basic science management and administration, who, on the one hand,
discern the unfortunate consequences of an ecological laissez-faire
in a rapidly shrinking world and in our country in particular and
who, on the other hand, are aware of the intellectual resources and
the research tools that could be marshaled and collated to produce a
body of basic ecological knowledge that would serve mankind in the
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management not only of his resources but in the management of him-
self in relation to his changing environment.
No single institution and no single faculty in this country has

either the full spread of technical competence or scientific resources
necessary to develop a full and comprehensive ecological program of
the kind that is enunciated in S. 2282.
For example, we, in the Smithsonian Institution, as mentioned by

Dr. MacLeod, have been engaged in ecological and toxonomic eco-
nomic research for many tears. However, we feel that we would
be unable to cope with more than a part of the total basic ecological
effort in the event that there was established a full-blown program in
ecology. Nonetheless, the sense of this bill is such that it would permit
institutions such as the Smithsonian Institution and universities and
nonprofit organizations throughout the country to reexamine their
roster of specialists and facilities in systematic biology and environ-
mental biology to determine what needs to be done to reinforce their
intellectual and scientific contributions to the orderly development of
an ecological program as comprehensive and important as the one
enunciated in 5.2282.
I think, for the record, there needs to be made a clear distinction be-

tween fundamental research in ecology, which I consider to be the
search for and the discovery of the basic ecological principles and
what I would call mission-oriented ecological research, which is es-
sentially the exploratory development and application of ecological
principles to the management of our resources.
I know that I may be challenged by some of my colleagues sitting

in other agencies in presenting you with my own personal estimate of
the dollars that are being invested in fundamental non-mission-oriented
ecological research. It is my personal considered estimate that less
than $5 million in 1965 were invested in the acquisition of basic knowl-
edge and the discovery of new ecological principles in contradistinction
to an estimate of well over $200 million for what I call the mission-
oriented exploratory development and application of ecological prin-
ciples to the management of resource problems already identified.
In summary, Mr. Chairman, I feel that members of the scientific

community—and I do not propose to serve as a spokesman for the scien-
tific community, but merely to articulate the views that I have already
received from colleagues in universities and elsewhere—are much en-
couraged by the fact that our legislative bodies are recognizing the
importance of discovering new and augmenting our existing body of
basic knowledge in ecology and applying it in a systematic way toward
the solution of some of our ever more urgent resource management
problems. Thank you.

Senator NELSON. Thank you very much, Doctor; we appreciate your
coming this morning. We will include Dr. Ripley's statement for the
Smithsonian Institution at this point in the record.
(The statement referred to follows:)

STATEMENT OF DR. S. DILLON RIPLEY, SECRETARY OF THE SMITHSONIAN
INSTITUTION

When European settlers first established themselves on the ,shores of what is
now the United States of America they found a continent of such richness and
variety as had not been dreamed of by the inhabitants of a Europe left impover-
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ished by the Glacial Period as well as crowded and overused by the competitive
civilization that had developed since that Period. The exploitation and develop-
ment of this continent at the same time led to the evolution of the traditional
American character and culture and provided the stimulus and material means
for formation of the unprecedented technological civilization of today. During
the rise of what we now proudly refer to as American civilization we were too
busy to give much attention to any effects this progress had on the continent that
gave it birth and nourishment, or even to pay very much attention to acquiring
knowledge of our environment other than that directly necessary for its effective
exploitation. American science acquired a reputation abroad for heavy over-
emphasis on the applied aspects and for parasitic dependence on Europe for the
basic knowledge utilized in practical technology.
So long as the required basic science was mostly in general fields that had no

geographic aspects and so long as the wiser and older European science could
provide what was needed, few people worried about this state of affairs. It was
only when we began to need information that directly concerned our own Ameri-
can environment that the situation had to change. The few decades before and
after 1900 saw these requirements develop, and this was when the Geological
Survey and the Biological Survey were established by the U.S. Government, and
when the science of ecology developed in America. The Geological Survey, deal-
ing with a science of obvious practical importance, was strong enough to main-
tain itself as an agency principally concerned with fundamental research. Ecol-
ogy was not so clearly practiced nor so easily understood, and the Biological Sur-
vey was, during the depression days of the 1930's, absorbed into an agency preoc-
cupied with the easily understood task of providing better hunting and fishing
for those who needed these resources as recreation or as means of livelihood.
During the last 75 years there has been a scattering of people who were able to

look beyond the unprecedented burst of growth and prosperity and worry about
what our exploitative economy was doing to the environment and to the appar-
ently bottomless cornucopia of free natural resources on which it was founded.
A few of these voices have been strong enough, and a few of the inroads on the
environment serious and obvious enough in their economic efforts, so that such
major breakthroughs occurred as the establishment of the U.S. Forest Service
and the Soil Conservation Service. Both of these have recognized that ecological
research is necessary to their functioning. Their missions, however, have been
strictly economic and their research mainly of an applied nature.
It is only in the last 10 or perhaps even only the last 5 years that there has

begun to be a public awakening to what has been happening to our environment
as a place to live, rather than merely as a place to make money. Perhaps it was
the smog in Los Angeles that was the triggering mechanism. Southern California
had for three quarters of a century prided itself and advertised itself, with
ample reason, as the pleasantest place in the U.S. to live. That this had at least
a considerable element of truth is obvious from the hordes that migrated there
to spend their lives. When they began to wake up in the morning with eyes
brimming with tears and with parched and choking respiratory systems, to look
out on a gray smoky sky, and to notice that their beautiful green orange trees
were looking sick, a protest arose.
Encouraged by this protest, those who were becoming afraid to swim in the

rivers and streams that they had enjoyed as boys, and dismayed that their
children could not be allowed to enjoy the same pleasures because of the reek of
raw sewage and industrial wastes, began to speak up. Those bothered by the
accumulations of solid wastes joined in. And people began to realize that the
ugliness that had been increasingly obvious to them was not merely a local affair,
but a blight that is afflicting the entire country.
Alarm over the dangers of increasing radioactive fallout was reinforced by

the mounting suspicion that the succumbing of birds to pesticide poisoning might
merely be a precursor of what would soon be happening to people. Rachel
Carson's book. Silent Spring, dramatically brought this to the attention of mil-
lions who had never even thought of such things before. Even the screams of
anguish and rage from those whose pocketbooks were hurt by this awakening
public consciousness helped to focus public attention on the fact that what was
happening to the environment in which we all must live was not clear, and was
possibly •bad. Such attention could scarcely avoid the discovery that many
more things were wrong than had previously gained attention. The more
intelligent among the public began to look to science to answer their worried
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questions. It did not take long to find out that the old-line, traditional sciences

were incapable of providing anything approaching complete or adequate answers.

Almost immediately it became evident that only ecology, a timid, relatively ob-

scure newcomer in the company of major branches of science, by its own frame

of reference, could conceivably furnish answers to such questions involving the

total environment and the relations of organisms, including humans, to it. The

Ecological Society of America, in 1962, took its courage in its hands and aban-

doned its former position of "no comment" on matters of public interest and

established a Committee on Public Affairs.
In the course of ten years, the word ecology has changed from a relatively ob-

scure scientific term to a household word—it is even seen in newspaper head-

lines. Enormous sums of money are allocated to projects that are essentially

ecology—though almost all of an applied nature. Practical answers to a great

many specific ecological questions are readily available, especially if the ques-

tions touch on economic or medical problems. The science of ecology, probably

largely because of this preoccupation with practical questions, is a very healthy

and active one. By its very nature its interests are very diverse and scattered,

and it is hard even to formulate a rigorous definition of ecology, and even harder

to describe succinctly what ecologists do. Most of them are busy trying to fit

the enormous array of information produced by many sciences, including ecology,

into a picture of the relationships between organisms and their environments.

Certainly 90% of ecologists would say that ecology is the study of these relation-

ships. Most of them, if pressed for a fuller answer, would probably reply by

describing what they, themselves, were doing.
It is only very recently that the concept of ecological systems, more and more

commonly called ecosystems, has begun to be recognized as the central idea of

ecology. It is difficult, but clearly necessary, to look at nature as a whole—as

an incredibly complex interacting system, a system of systems, if we are ever

going to be able to understand it. And until we understand it, we are inevitably

going to continue to make mistakes in our attempts to modify and manipulate it

to our advantage. We will continue to learn the hard way, by our mistakes, each

of which results in a more improverished and more unfavorable habitat for our-

selves and our descendents.
At the present time there is no place to go for answers to these major ques-

tions about the system of which we are a part. Partial answers are easily

acquired. If we compare them we will find that they do not agree at all in

many respects with each other. They are answers derived in certain particu-

lars, usually practical contexts, biased by the aims of the researchers and their

sponsors who have worked them out. Since they only have asked the questions

dictated by these aims, they have gotten answers only in these terms. The right

questions concerning the total environmental system have not been asked, since
there has been no agency whose task was specifically to ask these questions.
The problems raised by these questions are incredibly complex and difficult.

The problems of the behavior of the components of the nuclei of atoms are
simple by comparison. We think nothing about providing $375,000,000 for a 200-
Bev accelerator and the laboratory to use it. We hope that many of the funda-
mental questions of ecology can be solved for much less than this order of
magnitude of figures. However, as we look at the future of our shrinking
world and the geometrically expanding numbers of people that will inhabit it,
it seems clear that even though the costs could be several or many times this,
we cannot much longer delay starting to develop the necessary understanding
of our eco-system to enable us to deal with coming problems.
The problem is too big to be faced in its entirety by any private or local

institution or organization. It is too important to be left to a Federal agency
that has something else as its main mission. And it is too difficult to be en-
trusted to the hands of any except the best brains available at any price.
The Smithsonian Institution, which I represent, has within the past year

initiated a program of environmental biology designed to shed light on certain
of the problems discussed above. It has, already, capability to work with
advantage on certain of the aspects involved, and to provide essential support
activities. Recognizing the urgency of developing an unbiased understanding
of what is happening to the world ecosystem, and of some of the ecological
processes contributing to our continued welfare in it, the Smithsonian has de-
termined to place a substantial share of the resources at its command into an
investigation of certain of these aspects of ecology. It has no illusion that it,
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or any other institution, can alone find solutions to even the most urgent prob-
lems in time for them to be of most use in halting the degradation of our
environment. Therefore, it would welcome a well planned and effective Federal
effort to stimulate and foster the necessary action to cope with this situation.
The goal of the new Smithsonian program in environmental biology is to

form a small group of some of the best research scholars who will integrate
their efforts to (1) contribute to theory in population biology and (2) provide
information essential to the Federal Government in the evolution of our society
in the critical years ahead. Population biology means the study of groups of
living organisms, including man, particularly with reference to their environ-
mental inter-relationships. Major breakthroughs in population biology are
vital to establishing a harmonious relationship between man and his environ-
ment. To ensure rapid advances, the Smithsonian Institution is provided with
a level of freedom in research, travel, consultation, and postdoctoral education
difficult to match in Government agencies or in the nation's universities.
The core of the Smithsonian's own program emphasizes a concentration of

talent and effort on the three most important growing points in environmental
biology, identified as:

(1) Systems analysis of populations by computer simulation.
(2) The cycling of energy and materials in ecosystems.
(3) The role of social behavior in the natural regulation of animal

numbers.
These three areas are the most likely to contribute effectively to the evolution

of conceptual unity in environmental biology, and they hold the greatest promise
for significant advancement in the science. They point the direction in which
the Smithsonian Institution will commit its program in ecology. The program
envisioned would provide scientific background for problems concerning the
human population explosion, environmental health, and production of food. In
keeping with Smithsonian tradition, the program is designed for research on
the fringes of knowledge and concentration on international studies.

S. 2282 reflects the growing concern about ecological problems. One of the
most urgent national needs, as pointed out by the Ecological Society of America,
is for a clearinghouse for evaluation and dissemination of information on
ecological problems. An interagency committee on ecology to coordinate Gov-
ernment programs will be required soon. The need for setting up special areas
for scientific research cannot be overemphasized. We have already lost much
information of significance to environmental and evolutionary biology by fail-
ing to document the changes taking place in plant and animal communities
under man's impact. The provision for grants to universities, other organiza-
tions, and individuals is essential for encouragement and education of ecologists,
who are already in short supply.
The President, in the Natural Beauty Message of February 8, 1965, asked

the Director of the Office of Science and Technology and the Director of the
Bureau of the Budget "to recommend the best way in which the Federal Gov-
ernment may direct efforts toward advancing our scientific understanding of
natural plant and animal communities and their interaction with man and his
activities."
While we offer the above comments for the consideration of the Committee,

we believe it would be best to defer further action on S. 2282, pending comple-
tion of an OST-BOB study which is under way pursuant to the President's
directive. The recommendations made as a result of that study should offer
the best way to accomplish the objectives of improving and expanding our
ecological programs.
In summary, we at the Smithsonian Institution find increased efforts in

ecology to be worthy of strong support. This is a program that is vital to the
future of the United States. Throughout the history of the world, various
nations have risen and fallen in accordance with overexploitation and deteriora-
tion of their resource bases. If we are to avoid the same pitfall, we must pro-
vide a scientific foundation for conservation, development, and effective use of
our forests, grasslands, watersheds, and animal resources. Consideration of
this subject comes at a crucial time in our history when we still have the po-
tential resources to support a vigorous nation. It is essential to our survival
as a nation to take effective action on these problems.

Senator NELSON. The next witness is Dr. John Cantlon, Program
Director, Environmental Biology, National Science Foundation.
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Doctor, we appreciate your coming and your testimony will be
printed in full in the record and you may either read or extemporize
from it, whichever suits your purpose best.

STATEMENT OF DR. JOHN E. CANTLON, PROGRAM DIRECTOR,

ENVIRONMENTAL BIOLOGY, NATIONAL SCIENCE FOUNDATION

Dr. CANTLON. All right, I will extemporize from it.
I would like to make clear for the record that this is a statement of

an individual scientist who happens to be on the staff at a national
science foundation rather than the official position of the foundation.
I have asked myself several questions about the bill. The comments

of Dr. Galler relative to the encouraging signs represented by this
awareness on the part of the U.S. Senate on problems of this nature is
indeed encouraging.

There is no doubt in my mind but what the current situation does
warrant an increase in attention to the matter of ecological activity
based on studies as to our need for preserving inventory and studying
the functions of natural and seminatural biological communities. The 
application and reasons for this I leave as the written record stands.
I would like to address myself to the more specific aspects of the bill

as a personal consideration.
Does not the National Science Foundation now support research in

this area and therefore could it not fill this need by augmentive funds?
This requires a relatively complex answer. First of all, we do support
research in this area. Our own environmental biology budget is be-
tween $4 and $5 million a year, only approximately half to two-thirds
being directly related, however, to the areas considered by this bill.
In the disbursement of funds by the Foundation, we support only

the most meritorious research proposals. The scientific merit, of
course is judged by a panel of peers and therefore we end up support-
ing through the years less than half of the proposals that come in.
Usually it is nearer a third.
It is no more realistic to expect the National Science Foundation to

support all of the research in this ecological area than it would be to
expect it to support all of the research in health or in agriculture or
forestry or oceanography or any other particular area.
Where the Federal mission agencies have missions, they should, in

my judgment, support the applied and basic research which their par-
ticular task does require. We do not, of course, fight specific wars or
attack specific plagues by hoping that outstanding scientists will ad-
dress themselves to these specific problems. Rather, we marshal our
forces, as one of the previous witnesses pointed out, and we proceed
with the task at hand.
Now for this particular question, then, as to whether NSF could

do this job, it is my personal feeling that inventory of the general
U.S. picture and characterizing the fundamental aspects of specific
biological communities for specific purposes will progress most rapidly
if such a task is assigned to mission-oriented agencies rather than
left to the National Science Foundation.
I would be completely remiss in my obligations to the National

Science Foundation, however, if I were not also to note that past and
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future research supported by the Foundation will be valuable, if
indeed not indispensable, to the long-range path.
Now this, then, brings us to the question as to whether the Depart-

ment of the Interior appears to me as a logical candidate for the mis-
sion-oriented Federal agency. I am inclined to believe that it is, in
at least this respect. The Interior Department has jurisdiction over
vast public lands that harbor natural and seminatural environments.
They also include the Bureau of Commercial Fisheries and under-
standing and surveying natural environments should not, in my estima-
tion, end at the shoreline. Further, this agency is charged to protect
for posterity certain public monuments, national parks, national sea-
shores, and so forth. This charge clearly calls for the protection of
the entire natural array in its working conditions, in its normal func-
tioning relationship.
I would like to ask, in connection with the bill: Is an extramural

contracting or granting mechanism such as is called for here a favor-
able or unfavorable one for accomplishing the task that is here? I
think it is prudent here to point out my obvious bias in this regard.
I feel very strongly the extramural technique has two strong in-
gredients in its favor. It permits the utilization of a relatively more
talented pool of scientists than would be the case if an entirely new
array of biologists had to be recruited to do this task of inventorying,
recording, and preserving. The available manpower pool in ecology
is very small. The source for new personnel tends to be the universi-
ties and at the present time removal of any of these people from their
training function would be a disservice to our present state.
The extramural mechanism also, in contracting for this work, could

actually augment training by the use of young people, by the use of
supporting research assistants and research associates and so on.
Therefore, this direct use of the extramural mechanism for accom-
plishing specific tasks in this regard could augment the training.
However, in the bill there is a statement that the Secretary of the

Interior be permitted to administer funds for the purpose of training
grants. I think this is open to question. Although the health agen-
cies in HEW have been productive in this area, I am not really per-
suaded that the Dapartment of the Interior would necessarily increase
our efforts in this regard.
I would like to close my formal remarks with that and I thank

you.
Senator NELSON. Excuse me. Are you referring to section 3(1) ?
Dr. CANTLON. On training grants?
Senator NELSON. Yes.
Dr. CANTLON. Yes.
Senator NELSON. Is that page 5 of the bill?
Dr. CANTLON. Well, there is more specific reference to training

grants. Maybe I had an earlier copy of this. Is that possible?
Senator NELSON. No. Top of page 7, section 8.
Dr. CANTLON. Yes, line 14, page 7, "for the purpose of training

persons, including scientists, technicans, and teachers needed in the
field of ecology and related fields."

Senator NELSON. All right. I thought you were referring to another
section. Thank you very much.
(The prepared statement referred to follows:)

a
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STATEMENT OF DR. JOHN E. CANTLON, PROGRAM DIRECTOR, ENVIRONMENTAL

BIOLOGY, NATIONAL SCIENCE FOUNDATION

This statement is that of an individual scientist it does not represent an

official National Science Foundation position on Senate Bill S. 2280. My re-

marks will be addressed to four questions I have asked myself concerning the

Bill. I will amplify one of these at greater length.
1. Does the current situation warrant an increase in this country's efforts in

preserving, inventorying and studying the functioning of natural and semi-na-

tural biological communities? My reply is a clear "yes" which I shall amplify

later.
2. Does not NSF now support research in this area; and, therefore, could it not

fill the need if more funds were appropriated for this purpose?

The answer here is complex. First, we do support research in this area; and

if we had more funds in the Environmental Biology Program, we could support

a larger percentage of the meritorious proposals. Regularly over the years we

have been able to support less than half of the investigators requesting funds.

However, it is no more realistic to expect NSF to support all research activity

in this particular area than it would be to expect the Foundation to be the sole

source of support for research in the medical, atomic, space, oceanographic,

agricultural or geological fields. Where Federal agencies have missions, they

should, in my judgment, support the applied and basic research which supports

that mission. Only in this way can we expect to marshall adequate research

capability at particular places and times to solve specific problems. We do not

fight specific wars or specific plagues by hoping that outstanding scientists will

choose appropriate problems and solve them. However, the inter- or extramural

scientific competence which the Public Health Service or Department of Defense

brings to bear upon specific problems does draw on the accumulated fundamental

knowledge gathered by scientists, many of whom had no, or quite different,

applied problems in mind when the discoveries were made.
For question number 2, then, my personal feeling is that the task of inventory-

ing the general U. S. picture and of characterizing the functional aspects of

specific biological communities will progress most rapidly if such a task is

assigned to a particular mission-oriented federal agency. I would be completely

remiss in my obligations to NSF, however, if I did not also note that past and

future research supported by the Foundation will prove valuable indeed, if not

indispensable, to the long-range task.
3. Is the U.S. Department of the Interior a logical candidate for the mission-

oriented Federal agency to which these tasks should be assigned?
I am inclined to believe that it is. Indeed, the present mission of the Depart-

ment of the Interior would appear to me to demand by inference what is in this

bill. They have under their jurisdiction vast public lands harboring natural
and semi-natural environments. They also include the Bureau of Commercial
Fisheries; and understanding and surveying natural environments should not,
in my estimation, end at the shoreline. Further, this agency is charged to pro-
tect for posterity certain public monuments, national parks, national seashores,
etc. This charge calls for the protection of entire natural arrays of biota and
their sustaining habitat solely for their intrinsic characteristics.

4. Is an extramural contracting or granting mechanism a favorable or an un-
favorable one for accomplishing this task?
Here I am undoubtedly biased. But I feel strongly that the extramural tech-

nique has two ingredients in its favor:
(a) It permits the utilization of a relatively more talented pool of sci-

entists than would be the case if an entirely new array of biologists had
to be recruited. The available manpower pool in ecology is very small, and
to remove any significant number from the universities would reduce the
training capability at a time when it needs increasing.
(b) The extramural mechanism for contracting much of this work could

augment the training of new ecologists at a time when more are needed in
other areas in the Federal science establishment. Whether the Department
of the Interior is the best agency for administering grants solely for this
purpose of training. I think, is open to question. Although the health
agencies of HEW have been productive in this arena I am not persuaded
that it should be repeated in the Department of the Interior.

To amplify my assertion that increased attention is warranted in the area
of preserving, inventorying, and studying the operation of natural and semi-
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natural ecological systems, I choose the purely practical argument that these
arrays of organisms harbor vast amounts of potentially useful information. It
would be utterly repugnant to all except the hard-core anti-intellectual to en-
courage a madman to tour world libraries randomly destroying books. Such a
practice permitted to continue unabated would surely result in the total loss of
some works and the disappearance of the local translations of others. The genetic
information contained in species populations as well as the ecological informa-
tion content of the total functioning array of organisms in an ecological system
represents an irreplaceable resource. It is a resource not as well used by modern
scientific man as it was by preceding cultures and a resource that is still piti-
fully poorly known. In today's technologically advanced thinking, we are in-
clined to consider man's destiny related to a relatively small portion of the
total number of other organisms on earth.

All of the important plants and animals used by man were domesticated before
he began to write history. The ancestors of each of these organisms were, of
course, components of natural biological communities which, together with the
non-living environment, we call an ecological system.

We have come to appreciate that, in natural biological communities, each
organism is genetically programmed to respond to most other organisms in his
community, i.e., he has genetic information that tells him how to capture, or
how to avoid, or how to out-compete, or how to steal from, or how to resist, or
how to invade almost every other critter he has to live with. The domestication
process can be thought of as the brain-washing of the domesticant. In this
process man does for the domesticant many of the things it used to have genetic
information to perform and for which task it expended parts of its energy and
materials. As mutations resulted in the loss of this information, the losses were
not lethal as they were prior to domestication. As still other mutations occurred
which permitted materials and energy, formerly used to perform the lost func-
tion, to be converted to increased yield, man selected and perpetuated these.
We have ended up with fat, dumb, highly efficient and highly dependent domes-
ticated organisms.
The increase in complexity of things man does for his domesticants and the

increase in breeding in the scientific era has accelerated this process enormously.
Pesticide problems, high fertilizer and water requirements, changes in disease
susceptibility alert us that we dare not jettison the non-domesticated close rela-
tives of our useful species. Further, understanding more about how natural
arrays can so effectively retain such nutrients as phosphorous and potassium
and sulfur suggest that we could profitably study the cycles of these materials in
natural ecological systems. On a long-term basis, man may have to reincorporate
more genetic information into his domesticated species, as well as use biologically
more complex ecological systems. The only source both for genetic information
in species and ecological information on how these natural ecological 'systems
function is to be found in the remnants of the earth's formerly vast natural
landscapes.

Accelerating population growth and the recent trend toward genetic uniformity
and vast field size in agriculture combine to restrict the natural arrays to an
ever more insular character. Recent study suggests that islands cannot retain
as high a biological diversity as a comparably diverse piece of mainland. This
seems to relate to the now rather obvious situation that species with small popu-
lation sizes disappear locally for various reasons, such as disease, competition,
etc. Migration to islands is slower than migration overland for terrestrial
species. The increased stress placed upon the insular preserve by man makes
local extinction even more probable, e.g., the transport of diseases and pests via
man's transportation system as in the case of the chestnut blight fungus from
China, or the unintended impact of pesticides. atmospheric pollution or climate
modification. All these represent more stress for some local populations. The
preservation of one island of a type is frightfully poor insurance against the loss
of its constituent species. Further, we know essentially nothing about the mini-
mal size necessary to maintain the natural biological diversity of particular
ecological systems. We feel reasonably certain that it takes more area of suitable
habitat to keep a viable population of puma than of jumping mice, but our hard
knowledge is discouragingly inadequate.
One final point should be made. Preservation of natural and seminatural

habitats, harboring the highest biological diversity, is not incompatible with
many uses to which man may put these areas. In fact, with improved ecological

a
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knowledge, such utilization may enhance rather than degrade both the genetic

and ecological information content of the systems as well as its other values to

man.
In summary, then, my argument for this bill has not been one stemming from

aesthetic criteria, although I personally feel that these also deserve great weight.

Rather, my argument is that we have an irreplaceable resource of genetic and

ecological information, much of which we cannot prevent from losing unless we

take specific steps soon. The relative priorities need to be established and the

tasks initiated to guarantee that our descendants will inherit an earth, hope-

fully, as rich and, potentially, biologically richer than our own.

Senator NELSON. The next witness is Dr. Ketchum, president of the
Ecological Society of America, and associate director of the Woods
Hole Oceanographic Institution.
Dr. Ketchum, your testimony will be printed in full in the record,

and you may read or extemporize, whichever may be more desirable.
We will run into the pressure of time and I don't like to crowd any-
body. We will have two rollcalls this afternoon, and it will be neces-
sary for me to leave when the rollcalls start. This way we hope to be
able to get everybody on the record here before that time.

STATEMENT OF DR. BOSTWICK H. KETCHUM, PRESIDENT, ECO-

LOGICAL SOCIETY OF AMERICA, AND ASSOCIATE DIRECTOR,

WOODS HOLE OCEANOGRAPHIC INSTITUTION

Dr. KETCHUM. Mr. Chairman, I will be happy to give an abbre-
viated statement concerning my report which you have before you.
I am honored to have this opportunity to speak before you today

concerning the need for a program of research, study, and surveys of
the natural environmental systems of the United States such as is
proposed in the bill S. 2282.
I earnestly believe that this bill provides a service for the benefit of

mankind which is essential and is lone, overdue. The great engineer-
ing developments of the present century are modifying the natural
environment at a rapidly increasing rate. Our expanding population
will require further industrial production, and the further concentra-
tion of the population in urban areas will inevitably force an ever-
increasing acceleration of these changes in our natural environment.
Unfortunately many of the modifications of the environment are made
without any clear understanding of what the effects will be.
Nature has a vast capacity to recover from the minor modifications

of the environment which have been characteristic of the development
of our present civilization during most of recorded history. Because
of this capacity for recovery, man was lulled into a false sense of
security, feeling that he could continue to use the water, the air, and
the soil as an unlimited resource for exploitation and for the disposal
of the waste products of our civilization.
There is, however, a limit to the ability of nature to recover from

continuous abuse, just as there is a limit to the recuperative capacities
of man himself. Because of our ignorance of the fundamental laws
which govern and control the ability of natural populations to grow
and survive under adverse conditions and also because the use of our
enivronment has all too commonly been governed by immediate ex-
pediency and a very short-range economic point of view, we are now
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faced with heavily polluted rivers, streams, and estuaries, with con-
taminated air and with devastated landscape.
Man's modification of his environment is proceeding at an ever-

accelerating pace and it is essential for the protection of mankind that
we now look at the total problem of our environment so that we may
permit intelligent exploitation of our natural resources and, at the
same time, provide for the preservation of these resources and natural
beauty.
One of the most important results of the technological developments

and progress of this century is our affluent society with the wealth to
provide our people with leisure and the opportunity to enjoy the
beauties and recreational advantages so abundantly provided by na-
ture to a degree never before known to mankind. Unfortunately these
same technological advances carry the threat of destruction—destruc-
tion of the very beauty and natural resources that man at last has the
chance and the time to enjoy. Potentially, progress carries within it
the threat of destruction of the health and welfare of man himself.
The problem facing civilization today is: "How can we enjoy the

fruits of progress and at the same time preserve our natural resources
and the beauty of our environment?" Technological advances will
inevitably proceed, carried forward by the momentum of our great
industrial development. There is no similar economic pressure for
the study of the fundamental ecological laws which control the devel-
oment and survival of natural populations; indeed the preservation of
the environment cannot be achieved without additional expense.
In the long run, however, the very survival of mankind may depend

on what we do today and in the near future to use and exploit our
environment. There is a very real need for Federal support of
ecological research if we are to use our environment to the best ad-
vantage not only for the present but for future generations.
I would like to discuss briefly some problems in my own area of

scientific competence, namely the ecological problems 'associated with
the pollution of our estuaries and coastal marine waters. There can
be no doubt that the estuaries and harbors along our industrialized
seaboards are heavily polluted. Today many communities and in-
dustries are making valiant and expensive efforts to correct some of
the abuses of the past. However, many productive shellfish areas
have been closed because of pollution or destroyed by man's thought-
less and careless activities. Many species of fish have been decimated
or eliminated from their earlier homes. The recreational use of many
areas has been seriously curtailed or eliminated completely.
Is this destruction of our natural resources necessary? I do not be-

lieve so. We have been careless and thoughtless in our approach to
the problems of the disposal of the waste products of our (technology
but I believe that we can have our affluent society and still preserve the
natural resources so essential to man's survival on this planet.
Pollution of the environment by an active, vigorous, and affluent

society is inevitable. Indeed, I accept as one of the proper uses of the
marine environment its capacity to dilute and disperse the waste prod-
ucts of society. However, this is not the only use which must be con-
sidered. The marine enviroment provides, of course, food resources
such as commercial and sport fisheries, the clams, shrimp, lobsters, and

p.
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crabs of our estuaries, and recreational opportunities such as swim-
ming and boating, surfboarding and water skiing.
All of these are not only a natural resource which should be pro-

tected but are also an economic resource of the country. The fisheries
may be used as an example of the economic value of marine resources.
During 1964 the fish landings in the United States produced an in-
come to the fishermen of $390 million. Since the cost of fish on the
table is about triple the amount that the fisherman receives, this
amounts to roughly $1 billion of our gross national product. This is
not an inconsequential part of our total affluent society. Boating and
other recreational activities in the marine environment form a rapidly
growing economic resource of our nation.
The basic problem in providing for waste disposal in an aquatic

system is the evaluation of the quantity of waste which can be added
without detriment to the populations living therein. Many of our
waste products act as fertilizers and, if used sensibly, could increase
the productivity of the sea rather than destroy it. The ability of a
fresh-water stream to recover from the addition of domestic pollution
has been well documented, but similar knowledge is largely lacking in
estuaries, where the river meets the sea.
It is the role of the ecologist to study these problems and to develop

the understanding of the factors which control the development and
survival of populations so that reasonable and sensible limits for the
contamination of these waters can be established.
The problem that we face in the contamination of our harbors and

estuaries today can be traced, in part at least, to a lack of fundamental
understanding of the circulation in these areas. For the first several
decades of this century the ability of estuaries to dilute pollution was
grossly overestimated because the engineering calculations were based
upon a misinterpretation of the mixing and circulation processes
within the estuary. I have, myself, made some contributions to the
study of these problems, since a better understanding of the circula-
tion and mixing within estuaries was essential for the assessment of
the survival of planktonic and bacterial population.
Thus, research which started as a purely ecological study, con-

tributes to the understanding of circulation which is essential for en-
gineering developments and for the evaluation of the effects of the
disposal of wastes in estuaries.
I mentioned above that there is a great need for Federal support of

ecological research because there is no short-range economic incentive
to support research of this type. I would like to emphasize another
reason which makes Federal support desirable and necessary. Pollu-
tion of our streams, harbors, estuaries, and coastal waters have far-
reaching effects and a pollutant added by one industry or municipality
will be carried to another location, and even across State boundaries.
Having been carried far from their source, waste materials may have
direct effects on citizens who have no immediate stake in their produc-
tion and no voice nor vote concerning their disposal but cannot escape
their influence.
Thus the quality of the environment of these citizens is being

impaired or destroyed without their knowledge or consent. The prob-
lems are, thus, of widespread importance and cannot be adequately
treated by local communities.
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A clean environment of high quality without excessive pollution
should be recognized as one of the rights of mankind. This cannot be
provided without cost. Since the benefits of an environment of high
quality are widespread, the total costs can probably not be assessed
solely against the producer of the pollutant. It seems inevitable and
reasonable that the mass of the population which enjoys the benefits
of an environment of high quality must be willing to support, finan-
cially, the development and maintenance of this quality.
I have emphasized in this presentation the pollution of the marine

environment as one of the reasons why an ecological survey and study
bill is required. It is clearly not the only reason, but it is the one on
which I feel that I can speak with some professional experience. All
of our efforts to restore and preserve the quality of our environment
must be based upon sound, fundamental ecological studies in order to
insure that our natural resources may be used with the minimum dam-
age to our environment.
Ecological research has made rapid progress during the present

century, but it is a young subject and the problems are truly complex.
Each organism must have the proper environment in which to grow
and survive; each organism modifies the environment and affects other
living organisms with which it comes in contact. Man excels all other
living things in the effects which he can produce because of his con-
centration in urban areas and because of his ability to harness vast
sources of energy and thus to modify his environment more drastical-
ly than he could by his own unaided efforts. We have developed the
ability to modify our environment; we must now develop the will, the
understanding, and the ability to preserve our environment.
(The prepared statement referred to follows:)

STATEMENT OF DR. BOSTWICK H. KETCHUM, PRESIDENT, ECOLOGICAL SOCIETY OF
AMERICA, AND ASSOCIATE DIRECTOR, WOODS HOLE OCEANOGRAPHIC INSTITUTION

I am Bostwick H. Ketchum, Associate Director of the Woods Hole Oceano-
graphic Institution and Lecturer in Biological Oceanography at Harvard Uni-
versity. I have been engaged in research and teaching in the field of marine
ecology since the mid-1930's. I am a Past President of the American Society of
Limnology and Oceanography and am President of the Ecological Society of
America. I am honored to have this opportunity to speak before you today con-
cerning the need for a program of research, study and surveys of the natural
environmental systems of the United States such as is proposed in Bill S. 2282.
I earnestly believe that this Bill provides a service for the benefit of mankind

which is essential and is long overdue. The great engineering developments of
the present century are modifying the natural environment at a rapidly increas-
ing rate. Our expanding population will require further industrial production
and the further concentration of the population in urban areas will inevitably
force an ever increasing acceleration of these changes in our natural environ-
ment. Unfortunately many of the modifications of the environment are made
without any clear understanding of what the effects will be.
Nature has a vast capacity to recover from the minor modifications of the en-

vironment which have been characteristic of the development of our present
civilization during most of recorded history. Because of this capacity for re-
covery, man was lulled into a false sense of security, feeling that he could continue
to use the water, the air, and the soil as an unlimited resource for exploitation
and for the disposal of the waste products of our civilization. There is, however,
a limit to the ability of nature to recover from continuous abuse, just as there is
a limit to the recuperative capacities of man himself. Because of our ignorance
of the fundamental laws which govern and control the ability of natural popula-
tions to grow and survive under adverse conditions and also because the use of
our environment has all too commonly been governed by immediate expediency
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and a very short-range economic point of view, we are now faced with heavily

polluted rivers, streams, and estuaries, with contaminated air and with dev-

astated landscape. Man's modification of his environment is proceeding at an

ever accelerating pace and it is essential for the protection of mankind that we

now look at the total problem of our environment so that we may permit intelli-

gent exploitation of our natural resources and, at the same time, provide for the

preservation of these resources and natural beauty.
One of the most important results of the technological developments and prog-

ress of this century is our affluent society with the wealth to provide our people

with leisure and the opportunity to enjoy the beauties and recreational advan-

tages so abundantly provided by nature to a degree never before known to man-

kind. Unfortunately these same technological advances carry the threat of

destruction—destruction of the very beauty and natural resources that man at

last has the chance and the time to enjoy. Potentially, progress carries within

it the threat of destruction of the health and welfare of man himself.

The problem facing civilization today is: "How can we enjoy the fruits of

progress and at the same time preserve our natural resources and the beauty of

our environment?" Technological advances will inevitably proceed, carried for-

ward by the momentum of our great industrial development. There is no similar

economic pressure for the study of the fundamental ecological laws which control

the development and survival of natural populations; indeed the preservation of

the environment cannot be achieved without additional expense. In the long run,

however, the very survival of mankind may depend on what we do today and

in the near future to use and exploit our environment. There is a very real

need for Federal support of ecological research if we are to use our environment

to the best advantage not only for the present but for future generations.

I would like to discuss briefly some problems in my own area of scientific

competence, namely the ecological problems associated with the pollution of

our estuaries and coastal marine waters. There can be no doubt that the

estuaries and harbors along our industrialized seaboards are heavily polluted.

Today many communities and industries are making valiant and expensive efforts

to correct some of the abuses of the past. However, many productive shellfish

areas have been closed because of pollution or destroyed by man's thoughtless

and careless activities. Many species of fish have been decimated or eliminated

from their earlier homes. The recreational use of many areas has been seri-

ously curtailed or eliminated completely. Is this destruction of our natural

resources necessary? I do not believe so. We have been careless and thought-

less in our approach to the problems of the disposal of the waste products of

our technology but I believe that we can have our affluent society and still pre-

serve the natural resources so essential to man's survival on this planet.
Pollution of the environment by an active, vigorous, and affluent society is

inevitable. Indeed, I accept as one of the proper uses of the marine environment

its capacity to dilute and disperse the waste products of society. However this

is not the only use which must be considered. The marine environment pro-

vides, of course, food resources such as commercial and sport fisheries, the

clams, shrimp, lobsters, and crabs of our estuaries, and recreational opportuni-

ties such as swimming and boating, surfboarding and water skiing. All of these

are not only a natural resource which should be protected but are also an

economic resource of the country. The fisheries may be used as an example of

the economic value of marine resources. During 1964 the fish landings in the

United States produced an income to the fishermen of $390 million. Since the

cost of fish on the table is about triple the amount that the fisherman receives,
this amounts to roughly $1 billion of our gross national product. This is not
an inconsequential part of our total affluent society. Boating and other recrea-

tional activities in the marine environment form a rapidly growing economic
resource of our nation.
The basic problem in providing for waste disposal in an aquatic system is

the evaluation of the quantity of waste which can be added without detriment
to the populations living therein. Many of our waste products act as fer-
tilizers and, if used sensibly, could increase the productivity of the sea rather
than destroy it. The ability of a fresh-water stream to recover from the addition
of domestic pollution has been well documented, but similar knowledge is
largely lacking in estuaries, where the river meets the sea. It is the role of
the ecologist to study these problems and to develop the understanding of
the factors which control the development and survival of populations so that
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reasonable and sensible limits for the contamination of these waters can be
established.
The problems that we face in the contamination of our harbors and estuaries

today can be traced, in part at least, to a lack of fundamental understanding of
the circulation in these areas. For the first several decades of this century the
ability of estuaries to dilute pollution was grossly over-estimated because the
engineering calculations were based upon a misinterpretation of the mixing and
circulation processes within the estuary. I have, myself, made some contribu-
tions to the study of these problems, since a better understanding of the circula-
tion and mixing within estuaries was essential for the assessment of the survival
of planktonic and bacterial populations. Thus, research which started as a
purely ecological study, contributed to the understanding of circulation which is
essential for engineering developments and for the evaluation of the effects
of the disposal of wastes in estuaries.
I mentioned above that there is a great need for Federal support of ecological

research because there is no short-range economic incentive to support research
of this type. I would like to emphasize another reason which makes Federal
support desirable and necessary. Pollution of our streams, harbors, estuaries,
and coastal waters have far reaching effects and a pollutant added by one in-
dustry or municipality will be carried to another location, and even across state
boundries. Having been carried far from their source, waste materials may
have direct effects on citizens who have no immediate stake in their production
and no voice nor vote concerning their disposal but cannot escape their influ-
ence. Thus the quality of the environment of these citizens is being impaired or
destroyed without their knowledge or consent. The problems are, thus, of
widespread importance and cannot be adequately treated by local communities.
A clean environment of high quality without excessive pollution should be

recognized as one of the rights of mankind. This cannot be provided without
cost. Since the benefits of an environment of high quality are widespread, the
total costs can probably not be assessed solely against the producer of the pollu-
tant. It seems inevitable and reasonable that the mass of the population which
enjoys the benefits of an environment of high quality must be willing to support,
financially, the development and maintenance of this quality.
I have emphasized in this presentation the pollution of the marine environ-

ment as one of the reasons why an ecological surveys and study bill is required.
It is clearly not the only reason, but it is the one on which I feel that I can speak
with some professional experience. All of our efforts to restore and preserve the
quality of our environment must be based upon sound, fundamental ecological
studies in order to insure that our natural resources may be used with the mini-
mum damage to our environment. Ecological research has made rapid progress
during the present century, but it is a young subject and the problems are truly
complex. Each organism must have the proper environment in which to grow
and survive; each organism modifies the environment and affects other living
organisms with which it comes in contact. Man excells all other living things
in the effects which he can produce because of his concentration in urban areas
and because of his ability to harness vast sources of energy and thus to modify
his environment more drastically than he could by his own unaided efforts. We
have developed the ability to modify our environment; we must now develop
the will, the understanding, and the ability to preserve our environment.

Senator NELSON. Is Mr. Russell Train here?
Our next witness is Mr. Richard H. Pough, president of the Natural

Area Council.

STATEMENT OF RICHARD H. POUGII, PRESIDENT, NATURAL AREA
COUNCIL

Mr. POUGH. Mr. Chairman, I did not bring a prepared statement,
thinking that a good deal of my statement would be covered, and I
find that much has already been covered. I would like to comment,
though, on one point that I think is important to make and that is:
in the terms in which we are talking about ecology the applied research
that we have heard described is not really ecological research it is
applied ecology in a very narrow sense and narrow framework.
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I know much research is designed to cope with this specific prob-
lem and that is the basis on which most of the appropriations are made
for this research, but this actually does violence to the principle of
preserving and utilizing environmental research correctly because it
is in a narrow frame of reference.
We say they are concerned with getting rid of a starfish, say, which

is affecting the oyster beds and that under the terms that we heard
today what would be described as ecological research, all they will end
up with is some solution for getting rid of the starfish without any real
knowledge of the ramifications of that and the repercussions that the
starfish may have on other elements in the dead state.
I think it is very important and I hope the bill will lead us in this

direction; that is, a true understanding of the ecosystems such as in
order to understand the human body, we have to know better about
its nervous system, circulation of blood and so forth, and in terms of
the ecosystems we must analyze in terms of dealing with the body in
terms of flow of blood through the system and how it passes from one
organ to another and the allocation, say, of energy through the system
by virtue of nutrients through the system and then we will begin to
have a real understanding of the problem.
We do not have that kind of knowledge for any of our ecosystems

in this country. The amount of money being spent on that kind of
ecological research is trivial.
Now just to go beyond that we have an obligation to help coun-

tries in other parts of the world to understand how to use their biotic
communities more intelligently. We are sending technicians today all
over the world that are doing more damage than good when being

itranslated into environments n nature that are involved where we
have a higher community with large biotic masses with no knowledge
•of how man is to exploit that.

It is quite obvious, I think, to all of us, if nature can evolve com-
munities where a high mass of living material is maintained per acre,
there must be ways and techniques of beginning to make some of that
land produce products of value to man. Today we have not come up
with the answers and are not going to come up with them through
applied ecology and simply the application of known techniques.
The reason we are in trouble today is their climate and their condi-

tions are not suitable for growing the handful of crop plants that man
and civilization depend on. If we are going to train men with the sort
of knowledge that is going to be required to truly help the country
solve the problem and not do irreparable damage, and we can see
appalling damage done all over the world by well-meaning technicians
that try to take our technology and use it in a completely unsuited
way to the training part of this, which is an integral part of the whole
effort which is of vital importance.
I might refer to my papers, one on the ecologic development of the

tropics and the tropics are a misunderstood ecosystem and this indi-
cates today we are destroying these environments and not turning them
into long-range productive source of products that we need.
I think this bill is very important and the place to begin, of course,

is at home. It is to truly understand the things so that the fish ani
wildlife people, -when they want to do something such as dike off a salt
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marsh, will not do more damage than good. Are they adding more
water power in this case? This research is simply to find out. how
to make a better habitat for ducks, and what would happen because
of the diking off, what happens to fish that would migrate for a great
distance and we are gravely concerned in terms of migratory birds,
about what happens to the environment when they spend half of the
year in Central and South America, which we don't know—and these
are all things tied together which, until we really begin to understand
the nature of these ecosystems and study them in the same terms we
study our living, whether it is animal or plant, the ecology, we are go-
ing to continue, in my opinion, to make serious mistakes.
So my plea, on behalf of this organization, is the authorization of

some agency to delve into it as pure science.
We in America have a reputation all over the world of taking

fundamental knowledge and applying it. I think research is seeking
for knowledge and not just seekmg for answers to questions. I don't
think we should consider that type of research in the same context
as the research that this bill envisions. Thank you.
Senator NELSON. Thank you very much. We appreciate your com-

ing and appreciate your testimony.
Out of order, I will call Dr. John C. Calhoun, vice chancellor,

Texas A. & M., College Station, Tex. He has a commitment shortly
and I understand will summarize his testimony. You have a prepared
text?

STATEMENT OF DR. JOHN C. CALHOUN, JR., VICE CHANCELLOR,
TEXAS A. & M., COLLEGE STATION, TEX.

Dr. CALHOUN. I do. Senator Nelson, I have given out copies and
ask that it be placed in the record and I will make a few points extem-
poraneously.

Senator _NELSON. It will be printed in full at the end of your oral
presentation.
Dr. CALHOUN. You realize that I don't appear here with any pro-

fessional competence as an economist. I was in the Department of
the Interior when Secretary Udall named a task force on the question.
What I have to say to you are points which I observed in serving as
adviser and I think Secretary Udall himself placed this entire question
in perspective in an article he wrote for "Biosciences," and I want to
take time to read the initial paragraph of that article and I am quoting:
History will give a name to the time in which we live just as it has for the

Ice Age, the Iron Age and other periods of the past. Our time has already been
labeled the Atomic Age and the Space Age. To my way of thinking it will
more likely be known as the Era of Ecology. As history moves on, our times
will be known as the age in which man learned to admit that he is part of the
balance of nature—the age in which man began to assess the negative as well
as the positive sides of his actions—the age in which man joined his perspective
on technology with a perspective on his environment.

Senator NELSON. My commentary on that is when modern man
learns he is part of the natural environment and not over and above
it, he will have then caught up with the Indian.
Dr. CALHOUN. Senator, I think this is the point that is before us.

Man is only one part of the biological system of this world. He is,

I
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however, the primary manipulant of this world and we must recognize
that the manipulations which we make bears not only on our econom-
ics or upon our standards of living or upon our comforts but they also
bear upon the whole biological network. It seems to me that is what
we are really looking at.
I see three points that need to be emphasized. We are at the present

in the position that we have no record of what has been done. We
are today trying to assess whether or not we have made any money or
are worth any more than we were in the past, but we don't know what
our balance was before we started. It is true that we can assess the
conditions of estuaries or rivers now or of plants after we have applied
pesticides or built dams or polluted them, but we don't know what we
had before, so even after we make the measurements we will not be
able to say whether we have a plus or a minus score.
Now, lest the future generations be in the same fix that we are in

now, we had better make a start. That is the first point I think that is
important.
The second thing I think needs to be emphasized is that we don't

really know what we have to protect. All the arguments which I
hear—arguments pro or con for a dam, for instance, as we are talking
about with the Navasota River, in Texas, are in terms of increased
water supply, land that had been inundated, recreational values—no
one poses any arguments either pro or con concerning the species that
will be obligated or the impacts that will ensue upon the biological
system. They may be positive or may be negative, I don't know, but
the point is neither does anybody else.
We need some kind of an inventory, some kind of a record. We do

this in other areas, in geological survey with respect to geology, in
manpower, in census, and in weather and why shouldn't we do it with
respect to our biological systems.
The third thindI see that we lack is the ability to make any prior

predictions of where we might go and this gets to the relationships of
ecology, which I heard mentioned earlier, and the need for basic re-
search.
We cannot really predict the future of any system unless we know

the components of the system, the parameters that control it, the re-
lationships that obtain within the system.
So far, we make all of our decisions, our prior judgments on wheth-

er we feel better or how it strikes our emotions. We are in the posi-
tion of the man who takes a drink without realizing or asking him-
self at all what this may do to his system in the long run. We only
know what it will do for us in the immediate near future.
Now, I would like to make two points about the place for this, or

its focus, or the authorities that exist. As I see what we have now in
the area of ecology in the Federal structure there is a piecemeal ap-
proach. Everything we do is mission oriented. Our effort is not
focused and it is the staff that falls between the chairs, as the saying
goes, that we need to pay some attention to.
I think we see here an operation of a bandwagon principle. Ecol-

ogy is a word that people have started to use and we ask for sum-
marization of what people are doing and they all tend to aggrandize
their own effort, so you ask for a listing and you find out that you get
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10 times what is actually going on because everybody will use this
definition to try to cover their effort, if they can.
I saw this operate in the area of water resources and I saw it oper-

ate in other areas. I think somebody already made this point but I
think our total effort in ecology is actually very small if one really
gets down to an understanding of the biological basis which controls
us and everything around us and the things we need to know in order
to make our decisions.
I appreciate the opportunity to be here and I appreciate your taking

me out of order.
Senator NELSON. Thank you very much. Your prepared statement

will be printed at this point.
( The statement referred to follows:)

STATEMENT OF DR. JOHN C. CALHOUN, JR., VICE CHANCELLOR, TEXAS A. & M.,
COLLEGE STATION, TEX.

Mr. Chairman and members of the Senate Committee on Interior and Insular
Affairs, I welcome this chance to give a statement endorsing Senate Bill 2282
to authorize the Secretary of the Interior to conduct a program of research,
study and surveys, document and description of the natural environmental sys-
tems of the United States.
My name is John Calhoun and I am employed by the Texas A&M University

System, College Station, Texas, as its Vice President for Programs. I am ap-
pearing here today to express my personal views on this legislation. No en-
dorsement on the part of my employer is intended.
In 1964, as Science Adviser in the Department of the Interior, I chaired

a task force, created by Secretary Udall, to study and report to him what
needed to be done to fill the gaps of understanding concerning our living
environment and to make the use of that knowledge more effective. The task
force study concluded that there were indeed many piecemeal concerns in the
federal government for natural environments, but that the whole was covered
only in a minor way. The task force could see no existing mandate for anyone to
carry on a program which would give decision makers the kind of information
needed for accurate assessments of the environmental consequences of their
decisions.
The task force assembled a list of desirable actions and with the assistance

of legal counsel drafted proposed legislation very similar to that which is before
you in S. 2282. Consequently, I am very pleased to see this matter come before
the Congress for consideration, and I wish to speak in favor of its passage.
The November 1964 issue of Biosciences, a monthly publication of the Amer-

ican Institute of Biological Sciences, carried a "Message for Biologists" by
Stewart L. Udall, Secretary of the Interior. I think that article ought to be
a part of your record. In it Secretary Udall wrote a paragraph which places
this entire question in its right framework. He said:
"History will give a name to the time in which we live just as it has for the

Ice Age, the Iron Age and other periods of the past. Our time has already
been labeled the Atomic Age and the .Space Age. To my way of thinking it
will more likely be known as the Era of Ecology. As history moves on, our
times will be known as the age in which man learned to admit that he is part
of the balance of nature—the age in which man began to assess the negative as
well as the positive sides of his actions—the age in which man joined his per-
spective on technology with a perspective on his environment."

It is a basic fact that man's welfare is tied to nature and to the total system
of life. Our major attention has been directed to the use of nature for build-
ing our economy, for raising our standard of living, and for overcoming the
hardships of existence. These goals we must continue to pursue, but our goals
must also include the welfare of man as it is linked to the welfare of the totality
of living things.
The most elemental thing about our present situation is that we do not know

the record of what we have done. We are faced with situations that are
assessable only after the fact. It is as though we wanted to establish whether
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we had made money on an investment, but knew only how much money we had
after the fact, not how much we were worth before the investment.

So, with man's manipulation of his environment, we may be able to evaluate
the present aquatic life in a stream or reservoir where a dam has been built.
We may be able to count the birds after pesticides have been applied. We may
be able to assess conditions of an estuary which is now filled with pollution.
But, we have nothing to use as a comparison because we did not make any
measurements before these events took place. We do not know what has really
happened to life around us as a result of these steps we have taken to advance
our economy.
Each of us recalls in the context of his own experiences and we have a very

definite tendency to glamorize our memories. I remember as a boy, snow much
greater in depth than it was, I am sure; and fish seem to have been more
plentiful within the streams of my childhood than, I am sure, they were. We
need to get away from such individual assessments. Although they are mean-
ingful to the individual, they do not constitute a scientific measure. As we try
to assess today the effects of dams upon rivers and estuaries, or of pesticides
upon birds and wildlife, we are usually at a loss for the simple reason that no
one bothered to make and record the facts against which we could compare our
present situation. Lest the generations of the future continue to find themselves
with respect to the past in the same situation we are now, let us begin to make
an inventory and a record. Let us gain the ability to make an accounting.
The second thing that strikes me about our existing problem is that we do

not know nearly enough about what there is to protect nor where it is. We
need an inventory of existing resources as a basis for identifying the desirable
and positive assets of living systems.

Close to my home on the Navasota River in Texas there has been talk about
building a dam for some years. The arguments heard have been primarily the
advantages to water supply, the added recreational values or the loss in land
values due to inundation. At no time during the discussion have I heard argu-
ments pro or con concerning the effect of this installation upon the natural
biological system. At this stage it would be very difficult to list the positive and
negative values and have them entered into the decision making process, because
the biological resources have not been mapped. Is there anything worth protect-
ing in the living world that would be affected by this dam? I don't know and
apparently neither does anyone else.

Inventories are done in other areas of activity and are recognized as being very
fundamental. Thus, we carry out censuses, we keep labor statistics. We make
a complete record of monetary values, we carry on economic analyses, and we
examine economic relationships so that we will be able not only to assess the
future, but give reasons for change.
In another area of environmental knowledge, the field of geology, we acknowl-

edge the need for basic topographic maps and for the gathering of fundamental
geological information. Such data have been of tremendous value to us in
assessing resources and in evaluating the effects of earthquakes, erosion and
similar natural events. In weather data the record of past years is of inesti-
mable value in assessing current trends. Our need in the biosphere of living
things is similar to these accepted programs.
How do we determine whether the manipulations of our environment will

yield us positive or negative values so far as biology is concerned. Most of man's
activities will have an influence of some sort on living organisms. Before we
can enter these influences into the equation to balance the pluses and minuses, we
must know in fact what the changes are likely to be. We cannot determine these
changes solely by measuring something in the future. Just as we today are not
able to assess adequately what has happened to our actions of the past, neither
will our descendants be able to assess the results of our present day actions un-
less we provide for them a base from which they can make comparisons.
Another element to this problem which I saw clearly during my service as

Science Adviser in Interior, is that decision makers need prior analysis of the
effects which will follow from resource development and construction projects.
We recognize the necessity of making predictions in an economic sense. We do
a prior analysis of the added economic values expected to result from construct-
ing a reservoir or a public road. We make predictions as to uses for public works,
and in dealing with some of our planned construction projects we are able even
to assess the amount of waste products or other undesirable effluents.
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What we are not able to predict, and hence are unable to evaluate, are the
biological consequences of the actions we take. Such predictions should not
only be made but they should be added to the considerations which attend the
making of decisions for embarking upon public works. We cannot necessarily
avoid biological changes, but we should know that they are likely to happen.
/n order to do prior analyses we must make study of things that are now happen-
ing or that have happened in the past. Why for example has the armadillo
moved north into Kansas during the last 50 years? Why, as another example,
do we now have an invasion of large grackles in Texas? What is the cause of the
brushland moving north and east into good grasslands in Texas?
Let it be understood that I am not arguing that we should stop any public

works or the economic development of our resoures. The acquisition of ecologi-
cal knowledge may not change our decisions in the least. If we obtain the
facts about our living systems and the relationships that control their dynamic
quality, we may find many positive values where we now think negative ones
exist. And, vice versa. My thesis is that we should be able to assess, by way
of prior analysis and by later actual measurement, the impacts of our actions
on the living world around us. Only after we know definite and measurable
things about these impacts can we use this kind of knowledge in our policy
planning.
It is true that some ecological work is being done now in government pro-

grams. Most of this is a fire fighting kind of work, such as the work pertaining
to pesticide movements, or it is work pertaining to controlled biological sys-
tems such as cultivated crops. Although many agencies have an interest in
ecology, their interests are specialized and rapidly applicable to natural sys-
tems. For example, the ecologists with whom I have talked at Texas A&M
University tell me that we do not know animal population dynamics for most of
the species of wildlife in Texas. They also tell me that whereas they know about
tolerances of cultivated plants for pesticides, virtually nothing is known about
the tolerances of native species.
This area appears to be another example demonstrating the principle of that

which is everyone's business being nobody's business. The need for action
which I see can be met only by giving a mandate, which S 2282 does, to one
agency for a program to give us the three things I outlined—the present status
of what we have to protect, a baseline for assessing changes, and knowledge of
relationships for making prior analyses.
This bill provides for doing much of this program through universities and

local groups. It wisely provides for recognizing natural areas for scientific pur-
poses and for maintaining representative collections. It seems incongruous
that we would spend billions of dollars to collect, preserve, and analyze samples
from other bodies of our planetary system and not be willing to do the same for
our own planet.
There are many ways in which this legislation would be of value to Texas.

Within the State of Texas there are numerous undertakings which can have long
range ecological implications. At present there is very little research underway
to guide decisions on this work. Examples of these are (1) extensive water
impoundments which change stream flow rates, bottomland availability and
plant and animal life in and adjacent to the area, (2) proposed transfers of water
from one stream basin to another, along with the construction of large reservoirs,
which alter the flow rates and balance of fresh water in bay areas and in turn
affect the marine life in the bays, and (3) extensive brush control practices with-
out the necessary Management to reestablish a grass cover or to measure the sub-
sequent effects on both the controlled areas as well as adjacent areas.
A state that is as agriculturaly oriented as Texas has a great need to understand

better the complex components of the biological and physical systems which make
up the various ecosystems. Rangeland and forestland resources have not always
been utilized in a way which would lead to perpetuation of the resource. At
present, scientists indicate that grassland resources are greatly in danger of an
irreversible woody plant invasion. Permanent belt transects need to be estab-
lished on the migrating fronts of these invading woody plants to determine rates
of movement and, if differential migration rates occur, to determine what factors
are involved. Also a study must be established to determine the effect of various
brush control practices on the ecology of the area treated as well as adjacent
areas. Studies of this nature should be designed to measure interactions and
coactions of the various organismal components of the ecosystem so that long
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range effects can be predicted. It may be that the responses are such that brush
control is not practical or feasible due to deleterious effects on the total
ecosystem.
Measurement techniques must be developed to provide the broad scale informa-

tion necessary to make judgment decisions in the future. Many decisions are
now made on very limited information and rarely on a scope relative to total
impacts of any activity on the total ecology of an area. This bill provides a
basic structure for the development of information and experience to make
these decisions so far as we are concerned in Texas.
In summary, we believe in Texas that this legislation will mean much to us

and will aid us in meeting more effectively the challenges for improving the
quality of living. If we are, in fact, to maintain the kind of economic, population,
and standard of living advances to which we have been accustomed and also
enhance the complex net of living systems of which we are a part, we must
take some bold steps. The most fundamental are the steps outlined in S. 2282.
Alone, they cannot do the job, but without them we have no place to start!

Senator NELSON. I will submit statements for the record on behalf
of Mr. William Zimmerman, representing the Sierra Club, and Dr.
Spencer Smith, of the Citizens Committee on Natural Resources, since
they have each submitted a brief statement. The statement will be
printed in each case in full in the record.
(The statements referred to follow:)

STATEMENT OF WILLIAM ZIMMERMAN, JR., WASHINGTON REPRESENTATIVE OF THE
SIERRA CLUB

My name is William Zimmerman. I am Washington representative of the
Sierra Club, founded in 1892 by John Muir and a group of friends. The Club
now has about 36,000 members. The Club's stated purpose is to help people
explore, enjoy and protect parks, wilderness, waters, forests and wildlife.
The Sierra Club has formally approved the purposes a Senator Nelson's bill,

and urges that it be enacted. It would be a first step toward adequate Federal
recognition and support for ecological studies. Our understanding of the natural
world has been lagging far behind our technical ability to alter natural conditions
and patterns. It is imperative that ecologists develop the basic knowledge in
their field which will make it possible for them to forecast the results of man's
continuing interferences and changes in the natural world.
The Nelson bill would authorize ecological research, under the direction of

the Secretary of the Interior, in four major categories: (1) to conduct studies
of natural environmental systems and make grants to individuals and institutions
to carry on such studies; (2) to set up a clearing house for information on eco-
logical problems and studies; (3) to establish a program for the scientific study
of natural environments, examples of which would be selected from Federal
lands to be set aside for this purpose; (4) to encourage the States and private
owners to establish similar preserves.
The Sierra Club regards the Nelson bill as a path-breaker. It is the first

attempt, so far as we know, to give Congressional approval to an over-all study
of man in his environment. In his statement introducing the bill, Senator Nel-
son said that we must move beyond the stage of trial and error, beyond guess-
work and intuition, in dealing with the natural community in which we live
Sierra Club heartily concurs in Senator Nelson's views.

STATEMENT OF DR. SPENCER M. SMITH, JR., SECRETARY, CITIZENS COMMITTEE
ON NATURAL RESOURCES

Mr. Chairman and Members of the Committee:
I am Dr. Spencer M. Smith, Jr., Secretary of the Citizens Committee on Na-

tural Resources, a national conservation organization with offices in Wash-
ington, D.C.
Some years ago a graduate student in Engineering from China was listening to

the proceedings before one of the Agriculture Committees of the Congress, which
had under discussion the problem of coordination between a number of Govern-
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ment agencies involving the prevention of soil erosion. His comment related to
the history of his own country when he said, "The seeking of synthesis to under-
stand the interrelated uses of man's environment usually comes after a realiza-
tion of the damage to that environment and is much too late." We can only
hope that the reflection of this young man on the agonies of his ancient culture
is not an augury for our own future.
More books have been written recently and more anguish has been manifested

in almost every means of communication available to us regarding the despolia-
tion of much of our natural bounty. The misuse of our land, the spoiling of our
streams and rivers, and the pollutants in our air give ample evidence to our mis-
judgments of the past. If the quality of man's environment in the future is to
improve or not retrogress, the consequences of man's actions must be viewed
with the greatest care.
It is not always wise to stress what a legislative proposal will not do, rather

than to suggest the positive feature of it. Our departure from the usual norm
today is dictated by what a number of individuals, inappropriately I may add,
feel this measure represents. It is suggested that this is a measure to prevent
development projects such as dams, highways, subdivisions, and the like. Quite
the contrary. The measure neither seeks to espouse or to prohibit the course of
development. Rather, the function of this proposal is to make sure that what-
ever decision is • rendered be rational and fully cognizant of the effects of any
particular action. Most of the disasters of which we now are remorseful have
been due to the failure in considering the consequences of a particular activity or
a particular program. In the hardest kind of economic fact, the mistakes of yes-
teryear haunt us. Presumed conservation programs and/or development and im-
provement programs have on more than one occasion been more expensive and
harmful to society as a whole, than if they had not been undertaken, or if differ-
ent programs accomplishing much the same thing had been substituted in their
place.

S. 2282 would authorize the Secretary of the Interior to carry forth a program
of basic ecological research and to ultimately make applicable these research
results to much of our land and water use. This study and training of person-
nel would be used in consultation with other Federal agencies which have re-
sponsibilities for many of our land and water programs. The making of such
information available to those with such responsibilities would offer great op-
portunities for better and more effective planning of our various and sundry
programs.
Another significant feature of the measure would enable the Government to

assist non-Federal, public, and private institutions, and concomitantly to estab-
lish a system of natural areas for scientifc use, much of which could be achieved
on lands already owned by the Federal Government. These natural laboratories
could have great and expanding scientific value.
We offer every hope that this measure will find favor with the Committee, for

it is our feeling that our efforts toward synthesis of our many activities in the
relationship between man and his environment are dangerously late.

Senator NELSON. Now, we will call upon Dr. Richard Goodwin,
president of the Nature Conservancy, Washington, D.C.
You may read your statement or extemporize from it, whichever

suits your purpose.

STATEMENT OF DR. RICHARD GOODWIN, PRESIDENT, THE NATURE
CONSERVANCY, WASHINGTON, D.C.

Dr. GOODWIN. My comments are only in one copy here and I will
read it, if I may.
Senator NELSON. All right.
Dr. GOODWIN. As a nation we have reached the point where we can

no longer afford the luxury of permitting developments that unnec-
essarily destroy our resources. We need a far more coordinated and
controlled approach to our resources problems than we are taking at
the present time—one based on sound ecological principles that can
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only be derived from knowledge generated through a program such
as might be developed under the ecological research and surveys bill.
At the present time we frequently plunge into enterprises without

taking the effort to bring existing ecological knowledge to bear on the
problem or attempting to develop the information when this is lack-
ing.
Let me give two examples to illustrate the point. The Rampart

Dam proposal in Alaska is one that would involve some very sweeping
changes in the ecology of central Alaska. It was one that aroused
sufficient concern among a number of conservation agencies, among
them the Nature Conservancy, the organization I represent, so that
they took steps to 'appropriate private funds to finance a fairly broad
study of the proposal.
The results of this study clearly indicate that this plan is not well

conceived to fill our present and immediate future economic require-
ments, while at the same time it would be extremely destructive to our
fisheries and wildlife resources. The development of this kind of in-
formation might be the responsibility of the Federal Government.
The problem of heat pollution is another area that has received

inadequate attention. Traditionally, utilities have been permitted to
avail themselves of water for cooling purposes. The impact of small
generating plants has not been severe, but now, with the increased
magnitude of operations, especially the new atomic plants, the picture
has changed. We now have clear evidence of the impact of heat pollu-
tion on the fisheries and other aquatic life downstream from some of
our big reactors, yet inadequate steps are taken to avoid these un-
fortunate effects elsewhere.
The Yankee atomic plant on the lower Connecticut River is very

likely to destroy the highly productive shad run in the river. What
provisions have been made. to avoid this? A study to be made only
through the industry, whose profits are involved, to determine whether
damage is done. Only then will cooling towers be installed. By this
time, it is not at all unlikely that remedial action will be too late.
I could go on at some length on other issues. As a nation we should

stand in shame over the loss of Lake Erie as an attractive unpolluted
body of water, and the incipient loss of our collective investment in
the Everglades National Park as a spectacular wildlife area through
an inadequate approach to the deployment of Florida's water re-
sources.
One of the very urgent tasks that lies ahead of us, as a nation, is

the preservation of remaining samples of natural habitat. This is
the particular objective to which the Nature Conservancy is addressing
its efforts through private action and in cooperation with Government
agencies both Federal and State. These areas are vitally needed as
a research resource for ecological work as well as for educational,
aesthetic and other human needs.
Our ograniaztion has often lacked sufficient scientific data prop-

erly to assign priorities to its efforts and thereby most efficiently de-
ploy the limited resources at its disposal. The ecological research and
surveys bill could develop this scientific information which should put
focus on the whole national program of which we hope to be a part and
could accelerate the urgently needed program of preservation.
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Senator NELSON. Thank you very much.
Next is Dr. Roland C. Clement, New York staff biologist for the

Audubon Society.

STATEMENT OF DR. ROLAND C. CLEMENT, NEW YORK STAFF
BIOLOGIST FOR THE AUDUBON SOCIETY

Dr. CLEMENT. Mr. Chairman, I thank you for this opportunity.
There is always a danger that as a hearing like this goes on one would
increasingly deal in platitudes but I might make an additional point
to the effect that in addition to being a science, ecology is a point of
view and perhaps I can emphasize this in abridging my notes.
Ecology, the ultimate science, the science that must underlie the

new conservation if this is to help us awaken our fellow citizens to the
importance of preserving a healthful and diversified environment,
one in which Nature's processes and the living end-products of Na-
ture's 2-billion-year experiments in evolution should be part of man's
enrichment.
This planet is the only home we are likely to have, no matter how

much dreaming about interplanetary migration our space enthusiasts
may indulge in. We must take care of it, and this bill would provide
the basis for a more orderly approach to studying its needs, to elimi-
nating the roadblocks in the way of a wiser use of our planet..
In a democracy the chosen instrument of change is persuasion.. and

knowledge is essential to guide our choices. But men are short lived,
and in sore need of some new agency to serve them as social memory.
Ecology, since it is concerned with interactions in space and time, can
begin serving in this capacity. Its findings can help our Federal
and State legislatures set limits to man's manipulations of the planet,
and thus help man become a better steward of his planet.
We need to have in mind that man is, by nature, inclined to over-

exploit his environment. This is a biological trait shared with most
animal species. It is this trait that allows populations to explore and
colonize new territory. For all species but man, however, the ad-
venturing individuals are normally "written off" by the parent popu-
lation, and those which fail to establish themselves are snuffed out.
But man can no longer allow human exploiters of marginal en-

vironments to struggle and die by themselves. Society assumes the
burden, not merely of supporting them, but of bringing their standard
of living up to the level of the rest of the population. This is a
measure of our humanitarian progress but it poses a tremendous
burden on society.
Having developed the ability to do almost anything we care to do

by way of remaking the landscape, we are tempted to overcommit our
resources to such exciting pursuits. Man is still a little boy who likes
to do things for the sake of "doing" and without considering whether
these activities are a reasonable investment of time and resources.
Too often, developers, reclamation specialists, farmers, ranchers, re-
creationists, and ordinary citizens looking for a place in the sun open
up marginal habitats, then call for public funds to protect them from
flood, drought, wildlife, and insects.
In addition, this undisciplined invasion of every former wilderness

by modern technology is destroying fragile habitats and threatening
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the extermination of species that the conservation movement of the
last half-century thought it had assured for the future. It is, in short,
robbing the earth of much of its interest and attractiveness, and rob-
bing man of the spiritual re-creation he could and should derive from
these natural resources.

It is largely ignorance of the ecological consequences of his actions
that causes man to be so destructive in our day, since the desire to use
wisely is stronger than ever. Powerful tools, such as modern tech-
nology has given us, require a sensitive conscience in the user if they
are not to become instruments of destruction. It is, unfortunately,
much easier to design, manufacture, sell and use our new tools than
it is to inculcate perception and self-discipline in the people who use
them. Industry has not yet done its share in this task of public
education.
We are at last face-to-face with the indispensability of conscience in

the use of the atom, but the destructive potentialities of lesser tools—
whether bulldozers, draglines, or chemical pesticides—in the hands of
inperceptive people are no less dangerous because their effects are
delayed effects instead of exploding in a single holocaust.
This is why we need to set about studying our environment in much

greater detail than has heretofore been done, and why we of the
National Audubon Society feel that S. 2282, if passed, would con-
tribute to a more orderly American civilization.
I thank you for this opportunity.
Senator NELSON. I thank you very much for your statement.
I understand Judge Train is here and, Judge, all of the statements

will be printed in the record, and you may extemporize or read which-
ever suits your purpose.

STATEMENT OF RUSSELL E. TRAIN, PRESIDENT, CONSERVATION
FOUNDATION

Mr. TRAIN. Thank you, Mr. Chairman. I apologize for my lateness
but for the record I am Russell E. Train, president of the Conservation
Foundation, a nonprofit organization located in Washington, D.C., and
chartered to promote better understanding of our environments and
natural resources.
Mr. Chairman, I welcome this opportunity to present the views of

the foundation on S. 2282, the ecological research and surveys bill.
Throughout its history, The Conservation Foundation has placed

particular emphasis in all its programs upon ecological approaches to
environmental problems—whether these involve regional planning,
education, pollution, or population

' 
among many others. Indeed, the

concept of "ecology" is a touchstone of the foundation's activities
which are directed in a broad fashion toward sustaining and enriching
the quality of our human environment.
We congratulate Senator Nelson for the farsighted concern which

has led him to introduce S. 2282 for the consideration of the Congress
and for public discussion. We strongly endorse the principle em-
bodied in this bill of bringing ecological criteria into the decision
making processes of the Federal Government, both at home and in its
activities abroad. We likewise endorse efforts on the part of the
Federal Government to increase the sum of our ecological knowledge.
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An especially lucid description of the meaning and relevance of the
science of ecology was contained in a recent communication to the
Conservation Foundation by Dr. Samuel T. Dana, the distinguished
dean emeritus of the School of Forestry and Conservation of the Uni-
versity of Michigan. His statement, in part, was as follows:
Ecology is the science that deals with the relations between all of the elements

in an environment—the ecosystem.
It rests upon all of the biological and physical sciences—botany, zoology,

chemistry, physics, geology, soil science, meterology, etc., with their innumerable
ramifications—and when man is a part of the environment, the social sciences
are also involved. Its distinguishing characteristic is that it uses these sciences
in their relations to each other to determine what happens in a given environ-
ment, under both natural and modified conditions, and why it happens. In com-
prehensiveness and complexity, it is unique.

It is important that these principles be made part of our normal
planning activities. Every modification of the physical environment
brings about many other modifications, sometimes beneficial, often ad-
verse, all too often unforeseen.
A sea level canal in Central America may well alter marine life in

the Caribbean and the Pacific Ocean. A dam in the Northwest will
affect the salmon. Agricultural techniques affect what flows into our
rivers. The controlling of the flooding of the Nile River by the Aswan
Dam has altered the salinity of the Nile estuary and reduced the flow of
nutrients into the Mediterranean Sea immediately off the river mouth.
These changes have apparently had a profound effect upon the

plankton in the area with consequent and very dramatic effects upon
fish populations, both in terms of quantity and quality. These changes
in turn are having important effects upon commercial fisheries and,
therefore, upon human nutrition. Thus was set in motion a chain of
events largely unforeseen and unconsidered in connection with the
Aswan project.
The effects I have described are ecological in nature, including those

directly affecting the well-being of man.
None of this is to say that such projects should not be undertaken.

The lesson is clear, however, that we should make every reasonable
effort to understand and predict the results and implications of our
own actions.
S. 2282 authorizes four major groups of programs within the de-

partment of Interior.
First, the Department would prepare surveys and maps of natural

communities and maintain a clearinghouse of ecological data. Second,
the Department would encourage, in an advisory or consulting ca-
pacity, the use of ecological analysis in resource development projects.
Third, the Department would conduct basic ecological research and
would support such research outside the Department. Fourth, a
system of natural lands would be preserved for research uses.
I shall concentrate my specific comments upon those portions of

S. 2282 which confer certain consultative and advisory functions
upon the Department of the 'Interior.
The Department of the Interior has important responsibilities for

our natural resources, but it does not have exclusive responsibility for
these resources. Forests, farmland, air, and important aspects of
water management are the responsibilities of other Federal agencies.
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Public works construction which modifies the environment is scat-
tered among many agencies. S. 2282 is entirely unclear as to what
mechanism the Department of the Interior would employ in making
an ecological comment on the programs and projects of such other
agencies. If the Department of the Interior comments only at the
request of another agency, I suspect it will receive few such requests.
If the Department comments on its own initiative, it will doubtless

be regarded as a meddlesome intruder by other agencies. On the other
hand, if other agencies should be required to submit requests for eco-
logical analysis and comment to the Department of the Interior, the
changes in existing administrative procedures would go far beyond
what S. 2282 seems to contemplate.
I certainly would not oppose the location of the ecological functions

authorized by this bill in the Department of the Interior. It may well
be the most logical location. However, the mechanism provided by
the bill in its present form for the exercise of those functions, wherever
located, seems imperfect and very probably ineffective. We badly
need a method for assuring that ecological principles and criteria re-
ceive appropriate weight in all Federal decisionmaking. S. 2282 does
not do this in a sufficiently effective fashion.
An alternative approch might provide the needed coordination and

oversight through the Executive Office of the President. I proposed
in a speech last September "that the President establish a Council of
Ecological Advisors, or alternatively, an interdisciplinary group of
environmental advisors having a strong ecological orientation. And
let me make it clear that I am not just talking about an interdepart-
mental committee. With one such bold stroke, concern for the quality
of the environment would be given an important new status in planning
and policy-making at the highest level of Government. It would give
ecology a new posture in public affairs, and a new sense of responsibility
for making its knowledge applicable and relevant to the practical needs
of our day."
Well over a year ago in his message to the Congress on natural

beauty, the President requested the Director of the Office of Science
and Technology and the Director of the Bureau of the Budget "to
recommend the best way in which the Federal Government may direct
efforts toward advancing our scientific understanding of natural plant
and animal communities and their interaction with man and his
activities.
These officials—and the National Academy of Sciences-National Re-

search Council could be of great assistance also—should actively
study the question of ecological administration and should submit the
recommendations called for by President Johnson. Perhaps this com-
mittee could encourage the implementation of those recommendations.
In conclusion, Mr. Chairman, this bill should be considered in the

context of the enormous forces which modern man, by his technology
and wealth, is able to unleash in efforts to improve his environment.
In addition, communictations, technology, and education all con-

tribute to an interrelated world in which actions and events have con-
sequences and iterations with profound significance for the future
well-being of mankind. As probably the prime instrument of en-
vironmental change in the world, the United States has a very special



60 ECOLOGICAL RESEARCH AND SURVEYS

responsibility to exercise its power with ecological wisdom. It has
an unparalleled opportunity for world leadership in this regard.
S. 2282 provides a valuable focal point for discussions leading to the

development of policies directed to this objective.
That completes my statement. Thank you, Mr. Chairman.
Senator NELSON. Do you have any specific suggestions for modify-

ing that part of the bill to which you have reservations?
Mr. TRAIN. I 'think, Senator, both with respect to the portion of the

bill to which I directed my specific comments and as well as in other
areas of the bill, the primary problem is that of interagency relation-
ships at least that is as I see it. I think this is true with regard to all
of the figures reposed in the Department of the Interior by the bill and
for this reason it is my belief that the best solution for the problem is
going to be found outside of one of the traditional resource depart-
ments, probably in some office, at least initially, in the Executive office
of the President. I think perhaps the best coordination can be
achieved by that approach.
Senator NELSON. Are you talking only about interagency relation-

ships or are you suggesting that all of the activities proposed to be
done in the bill should be these?
Mr. TRAIN. Not the latter. I believe that the support and financing

of ecological research, for example, could well be reposed, as this bill
does, in the Department of the Interior. I believe my major concern
lies in the appraisal of major Federal programs from an ecological
standpoint.
There I believe, a judgment independent of the operating agencies

should be brought to bear in much the same fashion that the Budget
Bureau brings an independent judgment to bear.
Senator NELSON. Thank you.
Mr. TRAIN. Thank you.
Senator NELSON. Dr. Kenneth Norris of the University of Cali-

fornia at Los Angeles, chairman of the natural land and water re-
serves system, and associate professor of zoology.

STATEMENT OF DR. KENNTH NORRIS, LOS ANGELES, CHAIRMAN,
NATURAL LAND AND WATER RESERVES SYSTEM, UCLA

Dr. NORRIS. I would like to correct a notation on the agency I rep-
resent. The University of California Natural Land and Water Re-
serves System, which is statewide and not just limited to the University
of California at Los Angeles.
In the past 100 years the science of biology has changed society in

many ways through such unfolding stores of information as medicine,
genetics, and evolutionary theory. Like all sciences biology has moved
by revolutions of activity spurred by a few key circumstances or ideas.
I see three such revolutions at present, one extant and two in the
wings, just beginning. With us is all the excitement of seeing for the
first time a new and incredibly intricate level of life structures and
processes spurred by chemical, and crystallographic techniques and the
electron microscope. This is the active revolution of today—molecu-
lar biology. On its heels the study of development—how molecular
structures and cells gather, reproduce, and are regulated to produce
the whole organism—is rising.
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The other revolution is one I might call "the reluctant revolution
of ecology" because in many cases it is being forced upon its reluctant
practitioners by the overwhelming forces of society. Society faces in-
credibly complex problems and most of them can be understood and
predicted in ecological terms. Ecologists know many things about
how populations are controlled, how their energy is used, what hap-
pens when populations grow too large, and most of these facts can be
applied to people, or lizards, or lichens. It's more comfortable to
study lichens than people usually, so many ecologists are reluctant to
enter the hurly burly of society in an attempt to get their ideas across.
Ecology is being thrust forward, not because it is pop biology, but

because it is at the very heart of our most difficult social problems, and
ecologists are being asked for answers they cannot, as yet, give.
We humans have always been governed and continue to be governed

by the same ecological laws and interactions that control the lives of
wild plants and animals. This may seem remote, and perhaps may
seem untrue to a man in a city where pavement covers the soil and
buildings blot out any view of the horizon, but it is not remote. We
are all faced, though we may not realize it, with dependence upon
maintenance of soil nutrient cycles which control our food production,
upon air and water replenishment, upon control of parasites, and we
are especially dependent upon our understanding of controls of popu-
lation size and growth.
In many cases the city man pushes these natural controls away from

him by intricate means such as automated agriculture, transportation
webs, and electrical systems. But when the generator fails he quickly
reverts to organizing his activities around the day and night cycle.
The natural controls remain, as inexorable as the coming of night

and day. We must know how natural systems operate and how
human society can function within their limitations. We must come
to understand what effect we will produce throughout human society
when we tamper with natural systems.
What, for example, is happening to the normal reconstitution and

development of our soils by soil microorganisms when we spread pesti-
cides by the thousands of tons across our agricultural lands?
I am afraid at present we can only guess. We must not guess. It

is too deeply vital a question.
Not all ecologists are reluctant though. Recently, the Ecological So-

ciety of America formed an advisory group of its most august members
to advise the Government on ecological matters, and this advice is to
be given not after the fact, but before ecological laws are violated.
This is a brave idea, and the use of such counsel may well become a key
to our success as a society. Ecology is related cogently to such public
political problems as air and water pollution, use of water supplies,
and even the construction of cities in relation to energy sources and
flow, public recreation, the land use policy. Ecology has frightening
things to say about overpopulation and its relation to the incidence
of disease.
Not enough ecologists are available though. Furthermore, the very

pressures that make their counsel so necessary are destroying the base-
line from which they must work and develop new rules—undisturbed
nature. This, I believe is what the ecological research and surveys bill

33-e24-& 5
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(S. 2282) is all about. I suspect that it is one of those pieces of
legislation that may receive little public notice, but whose effects may
pervade and direct society very significantly in the years ahead.
We need more ecologists, and articulate ones capable of applying

their knowledge to ongoing human events. The bill will significantly
aid in training new men, and in attracting the best brains to the field.
The bill will help catalog the baseline research resource of ecology

in America. We need to know better than we do, what natural com-
munities of plants and animals are available to us. In a subtle and
seldom recognized way, this may be utterly crucial to our survival. Or-
ganisms molded in nature over millions of years nearly all survive
because they have built wide ranges of variability into their genetic
structures. Thus, as climates or other conditions change, the species
can draw upon this or that variant, and the species survives. Our crop
plants and domestic animals have been derived in the opposite way—
by selective breeding for uniformity of specific sorts. Thus, for ex-
ample, we must change our wheat strains as new pests arise to infest
the ones we use, since they themselves cannot change and combat the
pest. Often we must look to native stocks for genetic materials from
which to draw our variability. Thus, not only is natural terrain an
essential resource for the study of whole communities and their
processes, but also an essential reservoir for genetic materials as well.
We, in the University of California, are engaged in an independently

conceived effort of a similar sort for California, the University of
California Natural Land and Water Reserves System. This system,
farsightedly chartered by our board of regents and president in 1964,
is designed to include samples of the ecological diversity of California,
including every major habitat type. This is a large order, both in
view of the fact that California is the most ecologically diverse State
in the Union and also subject to the greatest population growth and
influx of any State. These natural lands are fragile and are disap-
pearing with frightening rapidity in California and we have moved
none too soon. It is a complex undertaking to build such a system, but
we ecologists know that we must or we will lose our essential teaching
and research resource, and our traditional excellence in ecology in the
University of California will be lost.
Our steps in building our system, which is very far from complete,

started like this. First, we surveyed what natural ecological situa-
tions were available in California, and it was surprising to me to find
that no one scientist encompassed nearly all this information even for a
single State, but the talents of dozens of people were required and are
being used. The bill presented here recognizes this and starts with a
survey utilizing all available talent.
Next, we attempted to find out what samples of each ecological type

were available and wisely left ourselves wide flexibility in the manner
of acquisition and holding.

Facilities are essential, and are mentioned in the bill. They need
not be expensive or large but modern ecologists must shelter instru-
ments of a wide variety and must have basic opportunities to measure
the environment. A simple facility allowing these things will mul-
tiply the value of an ecological reserve manifold.
Modern science is manipulative. No longer can a scientist simply

observe nature and record what he sees. He must also test and later



ECOLOGICAL RESEARCH AND SURVEYS 63

check conditions to reveal the details of ecological processes. But
since the ecological baseline is nature, much of every reserve must be
kept inviolate for control purposes and such alterations carefully
judged for their long-term effects on a reserve.
There are important interactions between our growing system and

the plans of the ecological research and surveys bill. Establishment
of reserves on public land such as are held by the Bureau of Land.
Management and the U.S. Forest Service is essential. The coopera-
tion of pubic-spirited private citizens is essential to both efforts. It
seems probable to me that other State efforts such as ours will appear
with increasing frequency. I can assure you that such efforts have to
have Federal help in a variety of ways to be very successful ranging
from financial aid in obtaining lands, to cooperative use of Govern-
ment property, to assistance in maintenance and the long job of cata-
loging what we save. We in the University of California Natural
Land and Water Reserves System watch the progress of this legisla-
tion with great interest for it would lend strong impetus to our effort,
and to others everywhere.

Senator NELSON. Thank you very much, Dr. Norris.
The next witness is Dr. LaMont Cole of Cornell University.

STATEMENT OF DR. LaMONT COLE, CORNELL UNIVERSITY

Dr. COLE. I would like say, Mr. Chairman, although I have pre-
pared this statement I have permission of the chairman of the Public
Affairs Committee of the Ecological Society to express the approval
of that committee.

Senator NELSON. Your statement will be printed in full in the
record and you may read it or extemporize on it.
Dr. COLE. This bill would increase the pace of ecological research

in the United States, establish a clearinghouse for ecological informa-
tion, lead to an inventory of our living resources, and accelerate the
training of ecologists. All of these objectives are long overdue in the
opinion of ecologists and each of them has been the object of serious
concern by committees of the Ecological Society of America and by
various Government agencies.
Many of the most serious problems facing mankind are basically

ecological problems but until very recently policymakers, with few
exceptions, seem to have been unaware of the existence of a science of
ecology. This situation seems to be improving but there are simply
not enough qualified ecologists and not enough are being trained at,
present to conduct the studies and furnish the advice that society ur-
gently needs. As recognition of ecology increases there are going to be
more and more urgent calls for ecologists to participate in interdisci-
plinary studies involving mathematicians, engineers, public health
scientists, and social scientists; we must have a means for stepping up
the production of qualified ecologists. Earlier this month a group of
ecologists met here in Washington to consider the need for an inter-
disciplinary conference on the quantitative analysis of ecological sys-
tems. The unanimous conclusion was that such a conference was not
only needed but that it was urgent to establish more communication
among these groups of investigators. I hope that by citing a few ex-
amples I can convey some of the urgency to this committee.
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The most critical problem facing mankind is the unregulated growth
of the human population. I shall not here stress the extensive con-
tributions that ecologists have made to population theory and the man-
agement of populations but I wish to mention some of the collateral
effects of the population explosion.
The world population today stands at 3.3 billion and is growing at

2 percent per year, a rate that if continued would cause the population
to- double every 35 years. We often hear it said that agriculture must
find a way to keep up with the growing population, but this is impossi-
ble. Even in the coterminous United States it would take only 90 years
at the present rate to bring the amount of land per person to 21/2 acres,
which is considered by many experts to be the minimum amount of
arable land necessary to support one person. This figure includes our
deserts and mountains and forests and cities and so is unreasonably
optimistic. And population growth at the present rate would just
about halve this figure in every generation. Obviously, the population
must stop growing in the not distant future, whether by disaster or a
rational solution, but in the meantime it is putting alarming pressures
on natural resources.
Many species of plants and animals are threatened with extinction.

A recent survey by scientists in the Bureau of Sport Fisheries and
Wildlife (1965 Circular 223) found over 200 forms of vertebrate ani-
mals in the United States and Puerto Rico to be at least threatened,
and the numbers of endangered invertebrates and plants must be much
larger. I know that there are differences of opinion about the desira-
bility of preserving all species, and this is not the place to open that
controversy. Probably everyone will agree that some wild species
should be preserved, and anyone who has really studied the matter will
realize that many species must be preserved if man himself is to survive
and flourish.
In many cases (probably most cases) we do not know what import-

ance a particular species now has or may later come to have for human
welfare, and we do not know enough to be certain that we can preserve
any given species. The research need here is tremendous. In the best
interdisciplinary tradition Dr. Frank Preston, an engineer and glass
technologist, has provided ecologists with some provocative mathe-
matical and statistical theories that suggest a definite mathematical
relationship between the size of an area and the number of species
that can survive there. If he is correct, some of the African game
preserves are not large enough to retain all of the species they are in-
tended to preserve.
I have a list from the Bureau of Land Management of over 100

natural areas in this country that had been proposed prior to March 1,
1965, to be set aside and preserved. It is important for us to preserve
as many types as possible of natural plant and animal communities.
The analogy has been made that medicine made little progress prior
to the careful study of the healthy body and, similarly, in order to
learn to manage and preserve plant and animal communities, includ-
ing our synthetic agricultural communities, we must understand the
functioning of the natural community. Some proposed natural areas
may be too small to preserve the commuities occupying them, and
some communities owe their character to recurring fires in the past or

•
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to particular types of grazing or similar influences. Communities
will vary greatly in the technique required to preserve them and in
the amount of pressure from recreation that they can withstand. Much
ecological research is going to be necessary and it can scarcely begin
until the training of ecologists has been drastically expanded.
I know that people in Washington these days are acutely aware of

pollution of the environment with silt, smoke, trash, organic debris,
and noxious chemicals so I shall skip to some more subtle and less
publicized but no less alarming side effects of the industrialization that
is maintaining and expanding our economy even as the population
Tows.
Man is burning fossil fuel at an ever increasing rate and it is prob-

able that more than half of the fuel ever burned by man has been
burned in this century. One result of this is to release carbon dioxide
into the atmosphere more rapidly than it can be taken up by green
plants or dissolved in the oceans and eventually precipitated. Older
measures are subject to some uncertainty but it appears probable that
the carbon dioxide content of the atmosphere has increased by at least
10 percent since the turn of the century. Atmosphere carbon dioxide
is believed to have drastic effects on climate and there are now two
diametrically opposed hypotheses as to what effect this change may
have. One hypothesis predicts that world temperatures will increase
and melt the icecaps from Greenland and Antarctica, thus raising sea
level and drastically altering the world's coastline for example all
of Florida would be under water. The other hypothesis contends that
precipitation, including snowfall, will increase so much that glaciers
will start to advance and bring on a new ice age.
Obviously, there is a need here for some very basic studies, not only

by climatologists and geographers, but also by ecologists studying what
factors control the rate at which the earth's vegetation removes carbon
dioxide from the atmosphere, and the complex cycle in the oceans
which begins with carbon dioxide dissolving in the water and culmi-
nates in its being precipitated as limestone by animals.
The only reason the earth's atmosphere contains oxygen for us to

breathe and with which to burn fossil fuels is that oxygen is con-
stantly being given off by green plants. If we reach a point at which
the rate of combustion exceeds the rate of photosynthesis, the oxygen
content of the atmosphere will start to decrease. Almost a year ago
I made an intense effort to estimate how near we are to the balance
point which will signal the end of expansion of our present type of
industrialization, but satisfactory data of the necessary sort do not
exist. I suspect that we are close to the critical point but I shall not
try to defend this opinion.
We should know the answer to such a vital question, and only accel-

erated basic research can supply the necessary data. We are going
to have to recognize that green plants are doing something essential
for us. We cannot afford to give up a million acres of photosynthesiz-
ing vegetation each year by paving and by building factories that con-
sume more oxygen. We need basic research to compare, for example,
forests with grasslands and to give us the basis for deciding how
photosynthesis can be maintained and increased. We must seriously
reconsider, on the basis of ecological data yet to be obtained, any sug-
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gestions that it might be desirable to industrialize Africa and South
America. And at some point—I wish we had the data to estimate
how near it is—we must declare a moratorium on any increases in con-
bustion of fuel. Presumably this will mean shifting to atomic energy
and facing on a very large scale agonizing problems of safety, pol-
lution, and waste disposal. There are ecologists today working on the
problems of the future atomic age but I am confident that the research
effort should be increased many fold.
Let me mention just one surprising ecological effect of atomic energy

as an example of the type of thing we may expect to encounter as re-
search progresses. Two years after water in the western Pacific was
contaminated by radioactive fall-out, certain clams were found to
contain very high concentrations of the radioisotope Colbalt-60. This
was surprising because Cobalt-60 is not produced by atomic fission;
it must have been produced by the action of radiation on some chem-
ical, presumably a stable cobalt isotope, naturally present in the water.
This would presumably occur even if a completely "clean" bomb could
be built. And everyone except biologists seemed surprised that an
animal could accumulate a chemical in its tissues to millions of times
the concentration in the surrounding water. This is a common pheno-
menon and has been an important factor in the killing of wildlife by
pesticides. We need a tremendous expansion of research and train-
ing and, speaking for myself, I think it would be sheer irresponsibility
in our present state of ignorance to use nuclear explosives to dig a new
canal across Centtral America.
Another global problem that is totally unfamiliar to most persons is

that of maintaining the natural cycle of the element nitrogen. I shall
have an article on this subject coming out in the Saturday Review
in a month or so and will merely touch on the matter here. Man's
very survival depends on the survival of many types of micro-orga-
nisms and perhaps a minimum of a dozen types of bacteria that are
involved in the nitrogen cycle are essential to preserve life on earth.
Proteins, which are the fundamental building blocks of all living
things, are nitrogen compounds but nitrogen is actually a scarce ele-
ment and about 90 percent of the earth's supply is represented by the
molecular nitrogen in the atmosphere. Higher plants cannot use this
source directly; they are dependent on certain bacteria and blue-green
algae to convert the nitrogen to ammonia which they can use. Two
additional types of bacteria, however, convert the ammonia by a two-
step process to nitrate which is the form in which most green plants
obtain nitrogen. Animals ultimately obtain all of their nitrogen for
protein building from plants. This nitrogen would be lost from the
cycle and unavailable to later generations of plants were it not for still
additional types of bacteria that can attack the often inert nitrogen
compounds in dead plants and animals and convert it back into am-
monia. And the nuclear nitrogen removed from the atmosphere would
gradually be replaced by ammonia—a process which would quickly
make man extinct—were it not for additional types of bacteria that
can regenerate molecular nitrogen from nitrate.
Within the past year I have heard sincere and educated Americans,

thinking about ways of increasing agricultural productivity, seriously
propose that we seek ways to block the conversion of ammonia to
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nitrate, and thus inadvertently block the regeneration of molecular
nitrogen. In this case we know enough so that I am confident that any
such move, which would destroy man, can be avoided, but it disturbs
me greatly to realize that nitrogen is only one of many elements that
must cycle in nature if life is to continue, and that there are probably
many such essential processes of which ecologists are as yet totally
unaware.
I am also thoroughly alarmed by the haphazard way in which we

drastically alter environments without a thought for our microscopic
benefactors. I am confident that nobody tested DDT for its effect
on the bacteria involved in the nitrogen cycle before it was broadcast
over the earth. This chemical has now spread over the entire earth
and is found in the snow on Alaskan glaciers and in the fat of Antarc-
tic penguins. If it had happened to be a deadly poison for one of
the essential links in the nitrogen cycle this could now be a dying
planet. Man's influence is now so dominant on a worldwide scale that
we can no longer afford to trust to luck or to remain ignorant of inti-
mate ecological relationships that remain to be discovered by future
research.
We are just at the beginning of what I believe must become a strong

trend—the policy of consulting qualified ecologists before deciding on
major changes of environments. A little over a year ago a meeting
brought a major concentration of highly competent ecologists to Wash-
ington. Taking advantage of this, the Special Commission for
Weather Modification of the National Science Foundation asked this
group for a report on probable and possible ecological consequences of
weather modification. The assembled ecologists took perhaps an hour
considering the names of ecologists with particular relevant special-
ized knowledge and assembled a working committee that quickly pro-
duced an outstanding report, "Biological Aspects of Weather Modifi-
cation, Ecological Society of America's Ad Hoc Weather Working
Group," August 15, 1965. The benefits and dangers that ecologists
can foresee right now and the areas of ignorance where more research
is needed are now on record for this one problem, and this should be
a paradigm for all proposals to alter environments. Usually, ecolo-
crists are either not consulted or their advice is ignored by the decision-
makers. It must be admitted, however, that committees as competent
as the one I have referred to could not now be assembled in any num-
bers or with any regularity. Again, the only way out of a serious
predicament is to train more ecologists.
I have referred to the need to set aside natural areas to preserve

particular communities of plants and animals. Some of these areas
may prove inadequate for the purpose, and the ever increasing pres-
sures from more people using public lands may cause deterioration
of communities thus vitiating the purpose of preserving them. For
example, the national parks bill of 1916 specifies that the parks shall
44* * * conserve the scenery * * * and the wild life therein * * *" but
there has been no inventory to determine just what wild life each pre-
serve is obligated to conserve. When ecologists have charged that
plant and animal communities on public lands are deteriorating they
have often been opposed by persons with vested interests and they
have usually lacked scientific data adequate to convince policymakers.
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Inventories should be made of the living organisms on public lands,
deterioration should be defined, and an adequate staff of persons should
receive ecological training to enable them to detect deterioration in its
initial stages while it can still be corrected. This is not nearly so easy
as it sounds. The staff to do the job would have to be trained to
identify and conduct censuses of the plants and animals, and ecologi-
cal criteria of deterioration will have to be established; a number of
statistically inclined ecologists are working on this problem right now.
If we compare a healthy community, say a forest or lake, with one

that has obviously deteriorated such as a badly polluted lake, one of
the most striking changes is a reduction in the diversity of the biota
in the damaged community. The healthy community has a relatively
large number of species while the sick community may contain as
much total life but only few species which are each tremendously
abundant. To measure deterioration, one thing we want is a sensitive
way of measuring diversity so that we can detect any decrease in its
initial stages before the damage becomes obvious. This is a nontrivial
mathematical and statistical problem to which we may or may not now
have the ultimate solution. In any case, management of public lands
could be greatly improved by employing existing ecological technique
to detect incipient degeneration. Parenthetically, I might add that
much of the recent and current controversy about pesticides stems
from the fact that modern agricultural crops have much in common
with "sick" communities. Our monoculture technique produces com-
munities of very low diversity and consequently high vulnerability.
I have argued that application of ecological knowledge could improve
matters in this case also.
At a much more advanced level we are greatly in need of increased

understanding of complex ecological systems that call for multidis-
ciplinary study. To summarize a reasonably simple and well-studied
case, let me mention the islands off the west coast of South America
where the great deposits of "Peruvian guano" and their potentiality as
a source of fertilizer were first discovered in 1804 by a great pioneer
ecologist, Alexander von Humboldt.
The very cold Humboldt or Peruvian ocean current moves north-

ward along the coast drastically affecting the climate and causing an
overturn of the deep ocean water so that chemical nutrients to support
plant growth are constantly circulated up into the surface waters
where enough sunlight penetrates to permit photosynthesis. The
resulting abundant algal growth supports a high production of small
crustaceans which are eaten by anchovies which also are highly produc-
tive in the presence -of an abundance of food. Cormorants feed on the
anchovies and nest in enormous numbers on the "guano islands" where
they deposit their excrement, the guano which has long been one of
Peru's important natural resources. But Peru now harvests anchovies
for the production of fishmeal and the Japanese are fishing the same
water. This reduces the production of guano and has a bearing on the
price of fertilizer around the world. As if to make things more com-
plicated, the Humboldt current is not completely dependable but in
occasional years swings away from the coast; then the upwelling of
nutrient-rich water ceases, and the production of both anchovies and
guano fails.
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I understand that an attempt is underway right now to try out
modern techniques of systems analysis on this particular system.
There must be some optimum way in which man can derive maximum
benefit from any ecological system such as this if he can analyze the
situation with sufficient accuracy. But notice what is involved:
Ecologists can work out the chain of events that produces anchovies
and guano, but chemists, hydrologists, oceanographers, climatologists,
and statisticians will have to be involved in determining the optimum
strategy for the harvest of these resources. Then come the social.scien-
fists, considering the economics of fishmeal versus guano and similar
problems on which I am not qualified to comment.
But I submit that every system affecting man's welfare in the real

world is of this general type. There is always a basic ecological com-
ponent that must be understood before there is any possibility of
understanding the whole system.

Finally, we desperately need a central clearinghouse for ecological
information. I do not keep a tally of the long-distance calls and let-
ters I receive from strangers seeking advice about some proposed local
program for flood control, mosquito abatement, or other environ-
mental alteration. I can assure you that the volume is impressive when
you realize that it is directed to one unpublicized scientist whose name
must have reached most of these people by accident. This is surely
indicative of widespread public concern that public policy is being mis-
guided in these areas. To most of these queries I can reply only in
broad generalities because I am unfamiliar with the pertinent local
conditions and the details of the proposed environmental alterations.
This is surely not the place to recount horrifying case histories, but

to me it is clear that there should be some place that the scientist, when
asked, could quickly retrieve the data on past experience with a par-
ticular type of environmental modification. The Ecological Society of
America has actually authorized a committee to solicit in its name
funds to establish an information and data retrieval center on environ-
mental pollution. This project has not progressed because of the con-
viction of some of us that it is but a fragment of a vastly larger and
more important project which, ideally, should be global in scope, but
which, practically, can become national in scope through passage of
the ecological research and surveys bill.
Thank you.
Senator NELSON. Our next witness is Dr. Whittaker of the Brook-

haven National Laboratory.

STATEMENT OF DR. ROBERT WHITTAKER, BROOKHAVEN NATIONAL
LABORATORY, UPTON, LONG ISLAND, N.Y.

Dr. WHITTAKER. Mr. Chairman, I ghould like to speak in support
of the bill, on bases to which I think my experience in ecological re-
search is relevant. I have had the opportunity in the last 18 years, of
carrying out a number of research projects in national parks, monu-
ments, and forests, from which a number of reports on ecological
problems have resulted.
Three of these studies were done in Great Smoky Mountains Na-

tional Park, a magnificent preserve of natural and less disturbed vege-



70 ECOLOGICAL RESEARCH AND SURVEYS

tation in a wide range of environments. The first project dealt with
the way plant populations are distributed in relation to one another
along environmental gradients in climax; that is, stable and undis-
turbed vegetation.
From this study resulted contributions to ecological theory I think

fundamental, especially as regards the meaning of plant associations
and dines. A second project utilized the wide range of plant com-
munities there to study how animal populations were distributed in
relation to plant communities. A third project concerned the study,
by methods which did not disturb the vegetation, of the amount of
organic material being produced, in the form of wood growth and
other components, in the different kinds of forests and bald communi-
ties of the Smokies.
A central concern of this study was with the normal level of total

production in climax forests, and results on this depended both on the
presence of undisturbed forests for study and on the fact that the
Smokies offer a wide range of kinds of undisturbed forests which may
be compared with one another. All three of these studies could be
carried out very much more effectively in the Smokies than anywhere
else because of the wide range of natural communities preserved in
this national park.
My early work in the Smokies was aided greatly by the presence

there of a most experienced and knowledgeable park naturalist, Arthur
Stupka, who possessed a mental inventory of the life of the park from
which he could tell myself and other investigators where to start their
work. It is not possible for all natural preserves to have naturalists
of such long experience.
The bill before us proposes to seek more systematic studies of pre-

served natural communities, and description of favorable areas in
which investigators may do their research, and often relate their
studies to one another. Important background information would be
recorded as a basis for interpreting any future change in the wildlife
of the natural areas.
In most cases research in a natural area has interest over a much

wider area than the natural area itself, and studies of these would
provide much information not now available on natural communi-
ties, some of which can be preserved, others of which must in the
future be developed and utilized.
From my experience in the Smokies may I suggest two points

bearing on the bill: First, the very great, really fundamental scien-
tific significance of such national preserves of natural landscapes;
second, the usefulness of the studies of natural areas for which the
bill would provide.
More recently, in 1962-63, Drs. W. A. Niering, C. H. Lowe and I

investigated the decline of the saguaro or giant cactus population in
Saguaro National Monument, Ariz. The monument had been estab-
lished so as to preserve a once-superb saguaro forest, probably the
finest in the world, on the valley plain at the foot of the Rincon
Mountains.
This saguaro forest, in the loop drive area of the Rincon part of

Saguaro National Monument, is now in a sad, a sick, and degenerate
state indeed. There are virtually no young saguaros to replace the
older giants as they die; the population is headed toward disappear-
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ance in this particular valley plain area, though surviving better on
the Rocky Mountain slopes above.
The monument officials and other scientists in Arizona had been con-

cerned with this population decline. By combining studies of size
distributions of saguaro populations in the monument with compara-
tive studies of saguaro populations in various environmental condi-
tions—in grazed and ungrazed areas and different kinds of soils and
climates, inside and outside the monument—we were able, I think,
to establish, on a convincing basis, that grazing had been the cause
of the population decline. Heavy grazing through many years, before
and after the establishment of the monument, had been destroying
young saguaros and the shrubs which provide shelter for them, while
also causing the development of high populations of rodents which
actively seek and eat the young saguaros. These effects of grazing
are most severe on the kinds of valley soils on which the once fine
stand below the Rincon Mountain grew. The reason part of Saguaro
National Monument was losing the saguaros it had been created to
preserve could not have been established without careful research.
Our. research at Saguaro National Monument was aided by the

existence of an area of mountain slopes with saguaros protected from
grazing in the nearby Santa Catalina Mountains. These ungrazed
areas, on national forest land, provided controls—study objects like
some of the monument vegetation except in freedom from the factor
under investigation—without which convincing establishment of the
effect of grazing would have been much more difficult.
May I emphasize in the strongest terms the importance of undis-

turbed natural communities for such controls, importance not only for
basic ecological research, but also for study of the meaning of man's
use and disturbance of communities, and in the future also for the
meaning of more widespread changes in man's own environment pro-
duced by pollution effects 'and possible climatic change. We are often
dependent on remnants of natural vegetation to determine what the
landscape was like that man has occupied and altered.
The picture of the natural vegetation, before logging and other

changes, of the Siskiyou Mountains of southern Oregon and northern
California which I developed was dependent on piecing together infor-
mation from natural vegetation still existing—in California redwood
parks, in Oregon Caves National Monument, two wild areas in Siskiyou
National Forest, and various still uncut private and national forest
lands.
In the future, such natural areas will be, on the one hand, fewer in

number, and, on the other hand, of increased research importance, not
only for ecology as such, but for their relevance to environmental prob-
lems of man himself.
May I, from these experiences, suggest two further points bearing

on the bill: First, the importance of studying, and of the Department
of the Interior's being able to support study of, changes in natural
lands, the meaning of which may otherwise escape us until too lath;
and second, the very great value of preserving, while it is still possible,
other natural areas than the national parks and mounments and wilder-
ness areas, as the bill also proposes to make possible.
Man is encountering progressively intensifying problems in his rela-

tion to environment. He must modify his environment at an accelerat-
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ing rate to provide for the needs of increasing populations; but hemust at the same time pay for this accelerating modification of environ-ment with shrinkage of recreational access to open land and expansionof pollution problems of disadvantage to himself.
Current intensification of these problems results from a phenomenonof compound acceleration—not only does population itself increaseat an approximately geometric or compound-interest rate, but thetechnological power to change environment in the hands of the popula-tion increases at an even more steeply accelerating rate.
The product of increasing population combined with increasingmean consumer demand and technological power in that populationis the dramatic and disturbing speeding in the rate of change of man'senvironment. We have only recently begun to realize the costs—theinescapably disadvantageous side-effects—of these transformations asthey appear in our problems of population congestion and environ-mental pollution.
There is a further point to be made about natural areas in thisconnection. These have value not only as controls to study meaningof man's use of other communities, but also for their potential indicatorvalue for expressing more widespread changes, especially in chemicalenvironment, of concern to man.
The significance of plants killed by atmospheric pollution, or birdpopulations declining toward disappearance because of food-chaineffects of pesticides, is by no means simply the loss in natural lifewhich some of us value. It is also the warning of the significance toman himself, who must receive the same chemicals in air, food, andwater and who is not immune though fortunately relatively lesssensitive than some other organisms, that is offered by this mortalityof wild populations.
Any reasonable projection of the compound acceleration of environ-mental modification and chemical release implies that man will beincreasingly concerned with such problems in the future. The billis to authorize collection of information and support of research onthese inescapable environmental problems.
It is thus my perspective as an ecologist on the ecological researchand surveys bill that, first, the provisions on natural areas and researchI have been discussing would have scientific justification even withoutcurrent population and pollution problems, and second that theseproblems render the purposes of the bill the more urgent in relation toman's own ecology and the search for national policies on man's rela-tion to his environment.
Thank you, sir.
Senator NELSON. Thank you very much for your statement.
We will next call on Dr. Bormann, department of biological sciences,Dartmouth College.

STATEMENT OF DR. F. H. BORMANN, PROFESSOR, DARTMOUTH
COLLEGE, HANOVER, N.H.

Dr. BORMANN. Mr. Chairman, I have a statement that I would like
to read into the record.

Senator NELSON. You may read it or extemporize.
Dr. BORMANN. Mr. Chairman, the advent of the nuclear age with

its population explosion, pollution problems, deterioration of parks
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and recreational areas and impending shortages of water, food, and
other natural resources has focused attention on the capacity of our
environment to sustain both the quantity and quality of human life.
Man's ability to meet and solve these problems of modern society is

rooted in a common need to better understand naturally occurring
ecological systems. Knowledge of natural systems serves as a biologi-
cal baseline by which we can judge the success of our efforts to manipu-
late our environment and, in some cases, it can lead to a change of
practice or the development of new practices. For example, research
on the movement of pesticides through naturally occurring food chains
has resulted in a general review of our overall use of pesticides.
This baseline function of our national ecosystems has been widely

recognized. Within the past 2 years, five separate groups of scientists
have called for intensified study of our natural environment. The
President's Science Advisory Committee, in its report "Restoring the
Quality of Our Environment," has callei for the study of naturally
occurring ecosystems by which we can evaluate the degree of pollu-
tion in man-controlled systems (p. 22, 24, 25-526) .
The U.S. National Committee for the International Hydrologic

Decade has proposed the hydrologic study of natural environments
because man needs "* * * to understand natural environments in
order to modify

' 
control, and exploit them to better his welfare" (p.

3, International Hydrologic Decade. Phase I, U.S. Program For
Period Ending June 30, 1969) . Preliminary plans for the Inter-
nation Biological Program call for the study and conservation of
various naturally occurring ecological systems (U.S.N.C. for IBP,
publ. No. 1) .

Biologists concerned with the weather modification program have
urged that a full range of environments and major community types
should be studied prior to any attempted weather modification in an
area (Bull. Ecol. Soc. 47: 67) .
• Finally, the Ecological Society of America has urged the establish-
ment of biological stations in some of the major biomes to provide
much needed basic ecological information (Bull. Ecol. Soc. 46: 78) .

Despite the increasing recognition of the need for study of natural
ecosystems, there is at present no thoughtfully planned national sys-
tem of representative ecosystems set aside for the purpose of descrip-
tive and experimental research. Rather we have a potpourri of biolog-
ically interesting areas set aside by thoughtful citizens both within
and without the government.
Although these reserved areas represent a step in the right direction,

they are by no means comprehensive in their coverage of the whole
range of our natural ecosystems, and oftentimes they are not extensive
enough to permit experimental work necessary to the elucidation of
ecological principles. I would like to illustrate this point by reference
to a personal experience.
My particular scientific interest is in the study of the structure,

function, and development of forest ecosystems. To fully understand
the biological potentialities of any unit of land surface it is necessary
to study the whole range of biological communities, both natural and
man manipulated, that a unit of land can support.
This can be done by following changes that occur in one place over

long periods of time, or by studying similar units of land in different
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stages of biological development. In a forest area, the full potential
of a site may be understood only after study of the whole range of com-
munities that might occur in that area, for example, cultivated fields,
abandoned fields in herbaceous stages, shrub stages, successional for-
ests, cutover forests, burned-over forests, and old-age climax forests.

Detailed descriptive and experimental studies of such a sequence of
communities reveals basic information on the structure

' 
function and

development of the ecosystems occupying that unit of land. Ideally
such studies tell us how the capacity to fix energy, to cycle nutrients, to
alter the hydrologic cycle is related to the various communities able to
occupy the site; these studies also tell us of the biological or micro-
climatological mechanisms operating to cause developmental changes
within the system, and the types and numbers of organisms that each
developmental stage is able to support.
Such basic biologic information provides the land manager with a

set of managerial alternatives in the planning of proper land use for
such purposes as timber production, disease control, wildlife manage-
ment, recreation, water yield, conservation of species, etc.
Studies of complete developmental sequences of vegetation are be-

coming more and more difficult to carry out because of an increasing
scarcity of the better developed stages of our forest ecosystems. I cite
two examples. During 8 years spent in the Piedmont region of the
Southeast, I invested considerable effort trying to locate old-age suc-
cessional pine stands and undisturbed climax oak-hickory forests.
Not only were good examples of these types hard to locate, but the

area of existing examples steadily decreased during the period of my
observations. This situation exists despite the fact that pine and oak
ecosystems cover much of the Piedmont landscape and are of great
economic importance to the region.
The northern hardwood forest ecosystem covers most of the land

area of northern New England and is basic to the economy of the
region. During the past 10 years, working with State groups in New
Hampshire and Vermont, I have attempted to locate good examples of
old age, relatively undisturbed northern hardwood forest. Even
though several million acres of this forest-type exist (McQuilkin,
Northeast Forest Experiment Station, paper 91) practically all of it
has been subjected to cutting, grazing, or maple sugaring activities and
old-age stands are extremely rare (Lyon, C. J. and F. H. Bormann,
ed. 1962, Natural Areas of New Hampshire Suitable for Ecological
Research, Dartmouth College Biol. Sci. publ. 2 Vogelmann, H. W.,
1964, Natural Areas in Vermont, Vermont Agriculture Experiment
Station) . Recently the best stand has been greatly impaired by the
construction of a lake conceived and developed by the State fish and
game commission.
My experience is not unique. Conversations with ecologists in vari-

ous sections of the country indicate that good examples of various
kinds of biological systems, such as certain forest types, grasslands,
bogs, dunes, marshes, and rock outcrops, necessary for research and
teaching, are becoming- increasingly hard to find or to maintain. This
situation is not limited to terrestrial systems, but also applies to
aquatic systems, particularly lakes and streams.
Even in northern New England, with its low population density

and its thousands of lakes, it is extremely hard to find a wholly natural
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lake. This situation is worse in other sections less well endowed in
natural waters and with higher population. Destruction or alteration
of important biological research areas is unquestionably accelerating
as our population grows and as the tools for environmental manipula-
tion become more powerful.
To meet these needs and the more general need to preserve represen-

tative samples of our natural environment and the species diversity
contained therein, a Federal system of natural areas for scientific
purposes should be established as advocated in section 2, paragraphs
8 and 9. I believe this is one of the most important features of the
ecological research and surveys bill.
Such a system should be planned by a committee of ecologically

oriented scientists appointed by the Secretary from the Federal bu-
reaus concerned with wild lands and from a group of recognized ecolo-
gists suggested by the National Academy of Sciences. Provisions
should be made to make it possible for State, city, or private groups
to add acceptable representative samples of important natural eco-
systems to the Federal system.
To serve the best interests of science and the Nation, the Federal

system of natural areas for scientific purposes should have two broad
functions:
The first function is to preserve for scientific purposes representative

samples of the range of biologically important ecosystems occurring in
North America. This function could be fulfilled by setting aside bio-
logically important sites throughout the States and Puerto Rico. I
should add that many of these sites have already been set aside.

Collectively, these holdings might be thought of as a national biolog-
ical reserve, or as a system of natural ecosystems held in reserve
against the future biological needs of both basic and applied research.
An additional and important function of the reserve system would be
the preservation of the species diversity of the North American biota.
The species represent genetic information accumulated through eons

of time, and the conservation of this information is basic both to scien-
tific progress and to the successful manipulation of our environment.
There is no question that the maintenance of maximum species diver-
sity would contribute to progress in biology, agriculture, and medicine.
A reserve of species would provide sources of genes for experimen-

tal biology and breeding programs and would maintain the numbers
of species from which new organisms could be selected for the produc-
tion of food, drugs, and shelter, for esthetic purposes, and for other
important ecological uses, such as biological control of pests and nitro-
gen fixation.
Although the reserve system would be used for research and teach-

ing, because of its extent and diversification it would go beyond the
capacity of our limited number of ecologically trained scientists to
study intensively even a sizable fraction of the eco-systems held within
the reserve system. This leads to the second major function.
The second major function of the Federal system of areas for scien-

tific study should be to provide baseline information on the structure,
function, and development of our natural eco-systems. To serve this
need several eco-systems, perhaps 5 to 10, representative of the major
biomes, should be chosen from the biological reserve system, and inten-
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sively studied. These systems should be several thousands of acres in
extent to allow considerable research pressure and, ideally, should to
located near a university or a group of associated universities willing
to participate in eco-system research.
Basic biologic, geologic, hydrologic, and meterologic parameters of

these systems should be studied, as well as parameters important to
studies of air, soil, and water pollution such as levels, of lead, chro-
mium, pesticides, and herbicides. Data collected should be analyzed
and correlated using modern computational techniques, including sys-
tems analysis.

Baseline studies of the type described would not only reveal new
principles of eco-system dynamics and thereby increase our under-
standing of the operation of all eco-systems, but these studies would
also provide a set of biological baselines by which we could evaluate
the changes that man has and will continue to make in his environ-
ment.
A Federal system of scientific areas serving the functions of biologic

reserve and eco-system baseline studies would do much to meet our
current and future needs to better understand our environment.
Senator NELSON. Thank you very much, Doctor.
Our next witness is Dr. Graham Netting, director of the Carnegie

Museum, Pittsburgh, Pa.
Dr. Netting, your statement will be printed in full and you may

either read or extemporize from it.

STATEMENT OF DR. M. GRAHAM NETTING, DIRECTOR, CARNEGIE
MUSEUM, PITTSBURGH, PA.

Dr. NETTING. In the interest of saving time, I will hit only a few
points made in my prepared statement and then I will add or I would
like to add one illustration not covered in that.
The large museums and botanical gardens, whose systematic col-

leagues are a national resource are vitally interested in this bill. I
cannot speak in any official capacity for any museum except my own,
but I have discussed this bill at a recent meeting of the directors of
the large systematic colleges and the response of the group was most
favorable.
I think that many of those individual institutions have written

letters supporting the bill.
Museums believe so strongly that ecological study areas are an es-

sential need for the training of students and for modern systematic
studies that many of our institutions have set up such areas at our own
expense. We find that these areas are of growing importance and we
would deeply appreciate the additional emphasis on the value of such
areas that would be brought about by the passage of this bill.

Actually, biologists are much more ignorant than they like to admit.
We know relatively little about the flora and fauna of the world if we
consider how many species probably occur and how few of these are
actually known. If, for example, after a multibillion-dollar invest-
ment, the first astrona,ught to land on the moon should find and bring
back as a prize a spore or a pollen grain or even a minute spider,
there would be a great clamor for definitive evidence immediately
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that this was an extraterrestrial species and not a hitchhiker, and
the chances are in the present state of our knowledge that this question
could not be answered.
I would like to mention a number of points that the bill does not

stress or does not allude to which to me seem important. The im-
portance of natural environmental systems such as gene pools is very
great indeed and may be an element of real survival for our Nation.
I think some reference to this might help to strengthen the language
of the bill.
I have included in my statement a quotation from a leading botanist

with reference to this element. The importance of studies of what
might be call "archeological ecology" might be mentioned as well.
It is not enough to set aside areas that are natural in the sense of not
having been greatly altered by man. We also have an interest in areas
that have been altered by man but which can provide important
ecological information on past plants and animals.
Some of the studies that have been made in our own country of dry

land agricultural techniques, of early Indian settlers—similar studies
that have been made recently in Israel—point up the advantage of
knowing something about what the early human adjustments were on
certain areas.
I think the language of the bill is broad enough to include such

areas, but they might be specifically mentioned. Areas increase in
value in direct proportion to the studies made on them. If the bull-
dozer and the sprays are the great threats to unprotected land, eminent
domain land is the great threat to protected areas. I think if Con-
gress sets up a system of natural environmental areas around the
country, as I hope it will, that Congress might also provide protective
measures so that no noncompatible use of these areas, invasions of
them by any agency, governmental or private, would be permitted
without specific congressional approval.
It is heartbreaking to see the trustees of a university decide to build

a dormitory on a study area that has been productive of many scientific
studies over the years and it is equally heartbreaking to see a natural
area that may be in the hands of some governmental agency, State or
Federal, cut in half by a new highway, simply because this land is
cheaper than land outside of the area. So I would strongly recom-
mend some protective wording for areas that are designated as parts
of the national environmental system.
In an addendum that is not covered in my statement, it would be

possible to light trap 10,000 moths in a week's time on almost any
natural area in the United States. It would be impossible to get these
10,000 moths identified. There just are not enough specialists in.
microlepadoctora in the United States or in the world to give identi-
fication of every moth that you could easily collect in a week's time.
It would be equally difficult for many other groups, so one of the very
important features of this bill to me is the possibility that it offers for
accelerating the training of students and for employing personnel to
get on with the job of studying many of these groups that have been
sadly neglected.
Now, I can point this up very quickly by citing a case. I had my

eye on a young lady in a graduate school at a great university who has

65-624-66-6
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specialized in spiders. She will be getting her doctorial degree in a
matter of 6 or 8 months. She does not want to teach and she should
not teach because she is much too valuable to the Nation as an arach-
nologist.
If she went into a teaching position she would have perhaps 10 or

15 percent of her time to study spiders and there is not a State in the
United States, to the best of my knowledge, that knows its spider fauna
adequately, much less the ecology of the spiders.
We do not have any staff position at our institution for an arach-

nologist. Most granting agencies are not inclined to pay the salary
of the principal investigator. I have the problem of finding a modest
salary for an arachnologist if I wish to get the spiders of Pennsyl-
vania or of our museum reserve studied. Every museum, every botani-
cal garden2 many universities, are in exactly the same position. They
need to build up a cadre of people who can do the basic studies of the
areas that are to be set up.
I wish to express my very great admiration for this bill and my

sincere hope that it will be enacted into law.
Thank you.
Senator NELSON. Thank you very much.
I have a lawyer friend who had a scientist friend who spent all of

his time studying the spider, and one day the lawyer asked him, "What
good are spiders?" and he said, "They are interesting, and may I ask,
What good are you?"
Dr. Netting, as previously stated, your full statement will be in-

cluded in the hearing record.
(The statement referred to follows:)

STATEMENT OF DR. M. GRAHAM NETTING, DIRECTOR, CARNEGIE MUSEUM

My name is M. Graham Netting. I am, and have been for twelve years, Director
of Carnegie Museum, a department of Carnegie Institute, a non-profit educational
corporation located in Pittsburgh, Pennsylvania. Carnegie Institute, which also
includes a Museum of Art and a Music Hall, now derives less than half of its
income from endowment, one third or more from contributions of individuals and
private foundations, and the balance from modest tax support by the city, county,
and Commonwealth, and from Federal grants or contracts for research projects.
Before being kicked upstairs I worked at my trade as herpetologist and animal

geographer for 28 years. During this period I made frequent trips to collect
salamanders and frogs, snakes, lizards, and turtles for the Museum in various
parts of the United States and Latin America. I had opportunity to observe and
to study animals in habitats that are now gone forever although some of the
species cling to a precarious existence in pockets of their once greater range. I
was particularly pleased, therefore, to be invited to testify at this hearing on
Senate Bill 2282. This Ecological Research and Surveys Bill introduced by
Senator Nelson and co-sponsored by an impressive number of his colleagues, I
regard—and I know that many of my fellow directors of natural history museums
and botanical gardens also regard—as an excellent and long needed legislative
proposal for a comprehensive program of accelerated research on natural environ-
mental systems, for coordination of surveys and results, and for establishment of
a system of natural areas, both public and private, for ecological research.
Don't be misled by glamor articles on the marvels of biology. All such dis-

coveries—and there are many exciting ones—hark back to a prosaic foundation,
often unhallowed and unsung, but none the less necessary. I refer to the descrip-
tive task of listing and documenting the world's population of plant and animal
species, which is Step 1: and the more intriguing and more difficult, but still
fundamental task of studying the relationships of living things to others in their
lineage and to the wide variety of other species that comprise each design for
living, each well-balanced community that has evolved over millions of years of
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adjustment to soil and climate and terrain. If the first astronaut who lands on

the moon or elsewhere should bring back as one of the prizes of a multibillion

dollar investment a lowly fungus or a pollen grain or even a minute spider there

would be an immediate clamor for documented proof that this evidence of life

represented a species unknown on earth, rather than a contaminating hitchhiker.

In the present state of our knowledge, the chances are that no absolute con-

firmation or denial could be offered. We penetrated the stratosphere before we

became fully acquainted with the biosphere.
The task of learning about the living world is a formidable one and much

further from completion than any biologist likes to admit. Furthermore, explod-

ing populations, mushrooming urbanization, exploitative land uses, and unchecked

chemicalization threaten to alter or destroy many ecosystems and to exterminate

many species before specimens are even pressed or preserved. Dr. David D. Keck,

a distinguished botanist, writing in 1959 on The Future of Systematic Botany

( Systematic Zool., 8, no. 2:76-82), stated:
"This figure is hard to arrive at, but my hunch is that we shall know the

temperate floras of the world rather thoroughly in another thirty of forty years,

and that it will be at least twice as long before we can begin to think we know

the tropical floras almost as well."
An equally eminent zoologist, Dr. G. W. Wharton, in a companion article on

The Future of Systematic Zoology (1.c. : 82-87), wrote in even more sobering

vein:
"While no one knows how many kinds of animals there are in the world, or

even how many kinds have been named, estimates of the total number vary

from 2,500,000 to 10,000,000 while estimates of those already described are in

the neighborhood of 1,000,000. Systematists have a real challenge here and it is

certain that the future will see this challenge met. It is inconceivable that a

civilization that aspires to reach the moon can long afford to be ignored of the

kinds of animals on earth."
Systematics or, if you prefer, taxonomy, the science of classification of orga-

nisms, was all too frequently in the past an indoor study of preserved materials.

The modern systematist studies populations in relation to their environments and

often spends a goodly portion of his time in the field, happily out of reach of the
administrator's directives and in pleasant proximity to the plants or animals that
comprise his specialty. The carefully tended collections in museums and bo-

tanical gardens are still of paramount importance as they are the final and
permanent reference against which field observations must be checked; but they
are no longer the sole stuff of taxonomy; and natural areas have become essential

for the training of taxonomists and for the performance of their craft. The
great systematic collections that constitute a national resource and that are basic

comparative material are located principally in museums and botanical gardens,
and a large proportion of practicing systematists are employed by such institu-

tions. Museums believe so strongly that ecological study areas are an essential

adjunct to their preserved collections that many of them have acquired natural

areas at their own expense for the field checking by their own staffs of hy-

potheses developed in the laboratory. The Smithsonian Institution, the greatest

assemblage of systematic collections in the nation, has a growing number of

such areas, and the American Museum of Natural History has four: one on Long

Island, one in Florida, one in Arizona, and one in the Bahamas. Some other

museums and many colleges and universities have biological preserves or

stations.
Even my own institution—with a mere seven million specimens in its collec-

tions and far more limited financial resources than the two previously men-
tioned—owns and operates a 1,500 acre field research station, Powdermill Nature
Reserve, 55 miles east of Pittsburgh in the Ligonier Valley. This Reserve,
specifically intended for long-term studies of life histories, ecological relation-

ships, and population dynamics, has demonstrated its worth in less than ten

years' time. In the past six years over 33,000 birds have been banded and a
vast amount of data accumulated on bird migration, fluctuations in numbers,

longevity, and other matters. Important new knowledge of insect life history

and behavior has been gained. Even I, playing hooky from fund-raising and

other tasks, have delved into the night life of salamanders and the movements of

turtles. No portion of our Reserve has been farmed since the heavy use of
agricultural chemicals and sprays began, so it now affords a check area where

the teeming soil life of an untreated area may be studied. A cooperative project
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with Pennsylvania State University for a soil sample transect from an adjacent
agricultural experiment station across Powdermill Nature Reserve is now being
planned.
The "Naturalist's Guide to the Americas," prepared by a committee of the

Ecological Society of America, was a prelude to the organization of The Nature
Conservancy, the only national conservation organization whose primary pur-
pose is the preservation of natural areas having outstanding esthetic or scien-
tific importance. The Nature Conservancy has actually acquired or helped in
the acquiring of about 150 natural areas in various parts of the United States
some of which have already been transferred to Federal agencies or to colleges
and universities with suitable protective restrictions. Federally-owned lands,
especially categories administered by the Department of Interior and the De-
partment of Agriculture, encompass many primitive and natural areas, some of
which have recently been afforded more permanent protection through the
Wilderness Act. In 1962. I published a recommendation that each museum
should endeavor to supplement its preserved collections with living populations
on a carefully selected preserve. I mentioned that this was already being done
by many museums, but I suggested that the practice be expanded not oppor-
tunistically but in a coordinated fashion with special emphasis upon endangered
species and habitats. Many of the good and necessary things detailed in Senate
Bill 2282 are already, therefore, being done to some extent by public and private
agencies, but there is a crying need for the coordinating measures incorporated
in the bill, and then, after inventorying the resource areas presently available for
ecological research, a planned program for further acquirement, for accelerated
study of the areas, and for the training of many more systematists and ecologists.
The bill focuses attention most admirably upon the critical need for a great

increase in ecological research so that land use decisions affecting our dwindling
natural resource base may be made intelligently rather than through trial and
error. (If a species that has taken millions of years to evolve is exterminated
in a twinkling because of a human error the loss is irreparable and well-nigh
unforgivable.) It also affords strong encouragement for the establishment by
public and private agencies and by individuals of representative samples of
natural environmental systems for research and training needs. With this I am
thoroughly in accord but I should like to be more crassly materialistic than
Senator Nelson and to point out some additional arguments favoring a national
network of representhtive ecosystems.
Dr. Herbert L. Mason, a great California botanist and a conservationist of

broad insight, has stated the case for natural areas as genetic reservoirs most
ably:
"The continued advancement of our scientific knowledge has brought into

cultural use a constant stream of new plants and animals and of new products
stemming from them, and resulting from scientific discovery in the search for
the new or for new uses and improvements of the old. In its commodity resources
for use as food or for use in the crafts and medicine, human culture has been
enormously enriched by these operations. We have scarcely scratched the sur-
face of the full economic potential hidden in the natural landscape. Some of
these values are in directly usable commodities, reproducible through agricul-
tural methods. Some will constitute a discovery in nature and the later syn-
thesis of the material artificially. Here the act of discovery is the important
value of the natural resource.
"The cultural growth of a people will be measured by what it does with what

it has to work with. The more it has to work with, the greater the potential
growth. The natural park and natural preserves constitute a prime means of
preservation of elements of the natural diversity so important to the cultural
advancement of a people. It is therefore important to every people that it pre-
serve representative elements of the natural landscape as the source of the scien-
tific advancement of its culture. Discovery in one land may lead to an item of
exchange in another that may further broaden the cultural base of the people."
(First World Conference on National Parks, pp. 108-109.)
Dr. Mason does not state categorically that a nation's future survival may

depend upon its foresight in establishing and maintaining natural areas, but his
examples lend strong support to this thesis.
Another cogent argument for preserving unspoiled natural areas is that

no one generation should selfishly usurp the privilege of tampering with every
square mile of its national land heritage for its own purposes. Surely our
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descendants have a God-given right to walk beneath trees older than our history,
to float down rivers devoid of habitation, and to be bitten by black flies in
swamps too precious to be drained. And their research needs will be as impor-
tant, and perhaps even more sophisticated than ours. Much such heritage is
already assured in national parks, national forests, wilderness areas, and other
sanctuaries already in being, but Senate Bill 2282 provides a vehicle for the
inventorying and preserving of representative ecosystems not yet safeguarded in
the public interest.

Although •there is no specific reference in the bill to man, destructive beast
that he is, as a part of the natural environment, he is part of that environment,
and the language of the bill is broad enough to encompass studies of archeo-
logical ecology, i.e., how did those who lived here before us adapt to the natural
environment of their day, whether they were American Indians or our own fore-
bearers of one hundred years ago concerning whose use of land we are surpris-
ingly ignorant. We know from the studies of archeologists the kinds of plants
and mammals and birds and reptiles and shellfish that once lived in ecological
niches now reft of much of their biota by the works of modern man. The natural
inhabitants may yet be restored by careful handling and because we know they
did live in those niches. Recent work in our Southwest by Richard Woodbury
and in Israel by Michael Evenari demonstrated highly sophisticated water con-
servation techniques and dry land farming methods developed by so-called
primitive inhabitants, techniques we can profit from in solving our arid area
problems. Not only natural areas in the purist's sense of without human habi-
tation merit preservation, but also habitations of tiny, isolated, human com-
munities for the ecological and historical study that can lead us to understand the
dynamics of human adjustment to living areas so that neither man nor nature
suffers.
Once they have been established, natural areas increase in scientific value in

direct proportion to the number of studies made upon them. Their value as
norms, as controls, as springs of living knowledge, increases with each passing,
scientifically productive year. It is tragic indeed to have college trustees pre-
empt a long-used study area for a new dormitory or to have a highway slashed
across a preserve just because condemnation costs on the open space will be
lower. The bulldozer may be the greatest threat to unprotected land; eminent
domain is the greatest threat to nature preserves. I think it would be eminently
proper for the Congress to require that any natural environments it may establish
are sacrosanct unless legislative approval is obtained for each and every non-
compatible invasion.

All vainglory to the contrary, man cannot conquer nature. We are a part of
nature, bigger and more noisy and destructive than a mouse, but subject to the
same inexorable laws. When the good water is gone, the good soil covered or
wasted, the good air tainted, we shall surely perish. This has happened in many
times and place. We now send food to peoples whose ancestors failed to realize
that without soil and trees on the hillside the town in the valley dies, without
recognizing that we ourselves are busily engaged in emulating the ancient error.
Senate Bill 2282 offers life insurance for our nation, assurance of a natural

heritage for our children's children. I commend it most highly.

Senator NELSON. Next is Dr. Rezneat M. Darnell.

STATEMENT OF DR. REZNEAT M. DARNELL, MARQUETTE
UNIVERSITY, MILWAUKEE, 'WIS.

Dr. DARNELL. Thank you, Mr. Chairman.

I. THE ENVIRONMENT OF MAN

A. NATURE OF ECOLOGICAL KNOWLEDGE

Every natural community is made up of numerous kinds of species
of plants and animals. An oak forest may include several hundred.
Each one of these species contains a particular spectrum of hereditary
characters which have been perfected through thousands of years of
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trial and error experiments, with the winners of each generation sur-
viving to produce the next generation. This process is known as
adaptation. Factors which shape adaptation are not the same from
place to place, so the hereditary spectrum of a given species varies
from one locality to another. This genetic diversity is one of the
cardinal points of ecology since it represents the inherent plasticity of
the species; i.e., its inborn ability to cope with a mosaic pattern of
changing environmental conditions.
Each of the many species inhabiting a given area has become

adapted to live in harmony with its neighbors. This harmony is
characterized by inherent stability and is often referred to as the
"balance of nature." Involved in this balance are many complex
interrelations of the different species which in sum total tend to regu-
late the size and activities of the individual species populations and
of the community as a whole.
Since the community exists in the context of a nonliving environ-

ment, it influences and is to some extent controlled by this environ-
ment. Chemical materials and energy are cycled through the com-
munity at considerable rates, and here again there is a certain stability
or constancy determined by the regulatory forces of the community.
The field of ecology encompasses study of species diversity, species
interrelations, and relations with the environment. In its most sophis-
ticated moments ecology attempts to understand the phenomena of
adaptation and regulation.

B. THE COMMUNITY UNDER STRESS

Any mild external stimulus applied to a natural community repre-
sents a disturbance of the status quo and brings about an adjustment
at a new equilibrium level. Due to its diversity and regulatory powers
the community often displays great resilience in accommodating to
new circumstances. However, there are limits in the abilities of the
community to adjust. Drastic environmental change is likely to be
followed by breakdown of regulatory mechanisms so that while the
stimulus is being applied and for some time after it is removed the
community may be in a dangerous state of imbalance as it seeks to
adjust to the new rules of the game. Many species depend for their
existence upon the original balance, and any disturbance may lead to
extermination of such sensitive species. The greater the disturbance
the more species are likely to be affected adversely. Unfortunately,
the most sensitive species are often the most desirable ones from the
human point of view. In this deadly game the ultimate winners
appear to be the bacteria, and the runners-up are the forms which can
live among and upon the bacteria. The natural allies of man are
early losers.

C. MANKIND AS THE CHIEF STRESS AGENT

Man is a species which has, to some extent, become independent of
his immediate environment. Through technology he has divested
himself of many of his former responsibilities to the natural communi-
ties within which he evolved and to which he became adapted. The
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nature of man's own adaptations, however, precludes the possibility of
his ignoring all responsibility to the natural world so long as he needs
food, water, air, and peace of mind. The fact that the human popula-
tion has been able to achieve high planetary density reflects as much
the plasticity of nature as it does his own technological ability. It
follows that there is an ultimate limit in the ability of nature to bend
and bounce back from man-imposed stress. Whatever the cost, there-
fore, humanity must strive to understand the factors of nature and
the limits beyond which it cannot be pushed without entailing irrep-
arable damage or even human extinction. It is already clear that
there is a limit to the numbers of humans which can survive on this
planet and that the maximum population for human comfort is well
below the level of maximum survival. In any event, the length of
time for which such large populations could be supported is at present
an unanswerable question.
With the advent of high population density and associated tech-

nological development drastic environmental modification has come
about at a greatly expanding rate. Simultaneously, society has be-
come more urban and more buffered from the direct results of its
actions. Only the outdoorsman and the environmental specialist need
directly encounter the mounting tragedy, and most of these are ac-
quainted with only a few local situations. Few, indeed, can view the
total dilemma in real perspective.

D. A CASE STUDY-THE DEAD RIVER STORY

For the record the case of environmental deterioration and com-
munity adjustment will be documented with a single example based
upon some of my own recent studies.

Shortly before 1910 an ecologist, Dr. Victor Shelford, then of the
University of Chicago, made a survey of the fishes in small streams
of the Chicago area, and for each stream he carefully identified the
exact collecting locality and the fish species obtained. Fifty years
later I revisited all of his collecting stations on one of the small
streams (Dead River) near Waukegan, Ill., hoping to be able to deter-
mine what natural changes take place in a stream during a half cen-
tury. By searching through various museum collections I found
Shelford's original fishes as well as subsequent collections made through
the years by other scientists. For this one stream I had a reasonable
complete picture of the changes which had taken place in the fish
populations during the years. Sufficient information was available to
allow interpretation of certain environmental changes, as well. Such
complete data are quite rare since they depend upon adequate initial
surveys.
The record did not reveal progressive changes in response to natural

phenomena. Rather
' 

it clearly reflected the deterioration of an
aquatic environment in response to gradual encroachment by the
human population. Fifty years ago the stream flowed through a
forested area which payed out its water gradually and maintained a
rather even annual flow. The water was clear and supported a popu-
lation of fishes characteristic of such environments. At present the
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stream flows through treeless lots and suburban backyards. Follow-
ing heavy rains it rises quickly to torrential flow and as quickly
subsides afterward. During dry summer weather the upper reaches
dry up completely, 'and farther down the streambed contains only a
series of disconnected pools. At several points along the stream
effluent from nearby cesspools seeps visibly into the stream pools. Be-
sides creating a stinking health hazard, this effluent introduces much
organic matter so that through bacterial action the oxygen supply of
the water is greatly reduced. In this section of the stream only a few
sickly fish of two species are able to survive. Where roads cross the
stream one encounters it, great deal of human litter including paper,
beer cans, cardboard containers, glass, old rubber tires, strands of
wire, and broken phonograph record's. The clear-water community
has disappeared from all the upstream areas except from one wooded
ravine a few hundred yards long where a small remnant yet survives.
The remainder of the headwater is populated by a few pollution (low
oxygen) tolerant species. Tho downstream section of the river flows
through a park before entering Lake Michigan, but even here evidence
of human handiwork is evident in the additions to and subtractions
from the original fish fauna.
Of the 37 species known to have inhabited the stream during the

past half century, 15 can no longer be found there. Populations of
four other clean-water species have been severely reduced. Popula-
tions of about five pollution-tolerant species seem to have expanded,
and four species new to the stream are clearly present as a result of
human activities. The carp first appeared in the 1925 collections, and
in the 1958 collections they constituted 91 percent of the 6,000 fishes
taken. Goldfish appeared in 1958 as did the alewife (a recent intro-
duction into Lake Michigan) and the redfin shiner. The latter spe-
cies is used by fishermen as bait, and through bait-bucket introductions
it is known to have spread widely from its original home in streams of
the Great Plains.
Not all the changes in the fish fauna of the stream can be laid di-

rectly at the feet of man, largely because we do not have enough knowl-
edge of the complex interactions involved. A number of the changes,
however, are directly attributable to human 'activities, and most of
these changes may be thought of as deleterious in the sense of substitu-
tions of a pollution-tolerant garbage feeding community in place of
the clean-water balanced community. The elimination and restric-
tion of native species is obvious. In a few years, as the area becomes
urbanized, the stream will be replaced by a culvert and then a pipe,
and aim natural community will have disappeared completely.

Unfortunately, this same story is being repeated daily throughout
this and other countries in areas where documentation is not possible.
No one is watching. Through a series of accidents the history of the
demise of Dead River has found its way into the records of civilization,
and, as such, it must stand somewhat alone as a monument to human
extravagance, a wretched byproduct of the American way of life.
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E. DILEMMA OF THE ECOLOGIST

The practicing ecologist faces a difficult situation. Although much
insight may be gained from studies carried on in the inside laboratory,
all such studies are de facto unreal oversimplifications of nature. The
real situation exists in the field where it is exceedingly difficult to carry
out anything resembling a controlled experiment. Natural communi-
ties are generally too complex and the interrelations too subtle to pro-
vide simple clearcut experimental answers. Preparation of ecological
reports is itself a special chore since narratives describing the field
variables are of necessity long and involved and since the field ecologist
who is adept at mountain climbing, skin diving, or jungle survival is
not likely to be equally adept at describing his field experiences. In-
deed, from personal observation a great share of our best ecological
knowledge has never been published. It still resides in file cabinets of
ecologists who for one reason or another have not been able to place all
their data into print. The Dead River study is a case in point.
In order to carry out his responsibility to mankind the ecologist

clearly needs help. The job of describing and interpreting nature is
one of inconceivable magnitude and complexity. Emphasis must be
placed upon the value of ecological knowledge in order to attract
outstanding young minds equal to the task. Funds must be made
available to carry out the analyses. Time must be provided for the
experienced ecologist to write what he has discovered about nature.
The ecologist needs help in yet another way. Since his laboratory

is nature itself, provision must be made for preservation of intact
natural communities from which he can derive the knowledge which
mankind needs for comfort, health, and survival. Only through
identification and preservation of such natural areas can mankind
ever hope to achieve this knowledge. Ideally several representatives
of each type of virgin community native to our land should have been
set aside long ago. This was not done, and already it is too late to ever
know just what certain of them were like. Many near-virgin areas
are still left, however, and preservation of these is a matter of national
concern: national, because the preservation job has not and simply can-
not be handled entirely by local means.

F. PRESERVATION OF SAMPLES OF NATURE

Natural area preservation does not imply just the setting aside of
areas for scientific study and manipulation. It also means the per-
manent protection of our most valuable natural resource, the native
species of plants, animals, and microbes which are of enormous poten-
tial use to civilization. These forms represent untapped sources of
antibiotics medicines, drugs, natural pesticides, industrial raw mate-
rials, foodstuffs, and ornamentals. They include our hopes for success-
ful biological warfare against crop pests. Since these species are
already adapted to the American environments they are potential
sources of hereditary material for improvement of production and
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disease resistance in our crop species. In the future our native fauna
and flora will undoubtedly be put to uses wholly undreamed of to-
day. In aggregate these species represent the total hope for environ-
mental stabilization of oxygen for human respiration, clean water for
human consumption, and indirectly, perhaps even such factors as
planetary temperature.

Already many conspicuous species of our native plants and animals
are known to have become extinct, and many others have suffered
severe restriction of distributional range with concomitant loss of
genetic strains. How many of the inconspicuous forms have silently
ceased to exist, no one can say. Recent scientific writings indicate
that at least 100 species and subspecies of our native vertebrate animals
alone are currently in some danger of extinction, and several are in
critical danger. Clearly we cannot afford to preside over the demise
of nature. We cannot in conscience deprive future generations of the
opportunity of reversing our unwitting mistakes. We must provide
for the public trust.

G. SUMMARY

The ecologist sees the ultimate necessity of some sort of artificial con-
trol of the human population. He sees the immediate necessity of
reducing environmental disturbance, and this involves control of at
least the most severe forms of environmental destruction and pollution.
In order to manage the environment to the long-range benefit of man-
kind it is mandatory that a label of urgency be placed upon matters
pertaining to the understanding of nature. This understanding can
only be derived from study of representative natural areas. Such
natural areas would also provide sanctuaries for preservation of our
native species in their various genetic strains for potential use by
future generations.

II. THE WISCONSIN STORY

A. WISCONSIN'S CONSERVATION TRADITION

The cause of conservation in our age needs little justification in the
State of Wisconsin. The scientific, economic, and social need for con-
servation of our natural resources, and the moral obligation of educa-
tors, scientists, legislators, and citizens to demand wise preservation
and management have been well established. Indeed, the State of
Wisconsin has long been recognized nationally as one of the leaders
in the conservation field. Renowned conservation spokesmen and
advocates have appeared among our legislators, university presidents
such as Van Hise and Chamberlain, and among our naturalists and
scientists including Increase A. Lapham, John Muir, Aldo Leopold,
Norman Fassett, John Curtis, and a host of others. Wisconsin authors
have won acclaim for their conservation writings, and healthy public
support for conservation programs has repeatedly been demonstrated.
Most significantly, the State has been the source of new conservation

ideas, some of which have created worldwide impact. Aldo Leopold's
appeal for the development of a "conservation conscience" in the hearts
and minds of citizens has not gone unheeded. The University of Wis-

7
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consin Arboretum and the Wisconsin State Board for the Preservation.

of Scientific Areas represent significant concepts in conservation think-

ing in this country. Following our lead several other States have

since established university preserves and State natural areas systems,

and from coast to coast additional States have expressed interest in

initiating such programs. Traditionally the gap between the scientist-

educator and the legislator has been smaller in Wisconsin than else-

where, and support for conservation programs has been mustered on

a nonpartisan basis.

B. THE UNIVERSITY ARBORETUM

Only 5 years after Wisconsin became a State one of her early and
most distinguished naturalists, noting the encroachment of civilization

on the natural areas near the university, pointed out:

It would seem to be peculiarly appropriate for our Universities and Colleges

to secure upon the grounds by which they are surrounded, at least one good

specimen of each tree and shrub that grows naturally in Wisconsin; and I wil
l

venture to predict that the University or College that shall first surround itself

with such an "Arboretum" will first secure the patronge and good opinion of

the people, and will thus outstrip those institutions that show a lack of tast
e

and refinement by omitting to plant trees. (Increase A. Lapham, "The Forest

Trees of Wisconsin." Wisconsin State Agricultural Society, vol. IV, 1853.)

A quarter of a century later another Wisconsin scientist published
a more serious view:
The most reliable natural indications of the agricultural capabilities of a

district are to be found in its native vegetation. The natural flora may be re-

garded as the result of nature's experiments in crop raising through the thou-

sands of years that have elapsed since the region became covered with vegeta-

tion. If we set aside the inherent nature of the several plants, the native

vegetation may be regarded as the natural correlation of the combined agricul-

tural influences of soil, climate, topography drainage and underlying forma-

tions and their effect upon it. To determine the exact character of each of these

agencies independently is a work of no little difficulty; and then to compare

and combine their respective influences upon vegetation presents very great ad-

ditional difficulty. But the experiments of nature furnish us in the native flora

a practical correlation of them. The native vegetation therefore merits a careful

consideration, none the less so because it is rapidly disappearing and a record of

it will be valuable historically. (Chamberlin, T.C. "Native Vegetation of East-

ern Wisconsin." In: Geology of Wisconsin, vol. 2:176-187, 1877.)

From these and other beginnings stemmed the idea of a natural
area for use by the university. Through the years much discussion en-
sued, but it was not until the early 1930's that an organized program
of land acquisition got underway. In late 1933 Dr. Aldo Leopold sub-
mitted a wildlife management plan in which he recommended that the
arboretum serve in four ways:

(1) As an educational exhibit for wildlife and management
methods,
(2) As a place for research,
(3) As a place to conserve remnants of rare species, and
(4) As a source of "outflow" of surplus wildlife populations.

Formal dedication took place in late spring of 1934, and during the
three decades of its existence untiring efforts have been devoted by
scientists and citizens alike to increase the size and enhance the sci-
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entific value of the arboretum. Especial effort has been made to re-
establish and maintain within the confines of the arborteum examples
of early vegetational communities all but gone from the Wisconsin
scene.
Today the arboretum represents 1,500 acres of carefully maintained

oak forest, pine forest, maple-beech-hickory forest, savanna, prairie,
marsh, fen, pond, and lake. In addition, it includes laboratories, nurs-
ery and horticultural areas, gardens, and trails. In this outdoor re-
search area plants, animals, and landscapes can be studied in the natu-
ral or near-natural conditions, and during the past few years alone
over 90 scientific studies have taken place in the arboretum (appendix
A). This area, likewise, performs an educational function providing
living dioramas of the native Wisconsin landscapes for the study and
inspiration of hundreds of students of art, literature, history, geog-
raphy, hydrology and other disciplines within and beyond the scope
of technical biological science. The value of such an area to the uni-
versity and to citizens of the State cannot be measured. A detailed
history of the development of the arboretum, which has just been pub-
lished, documents the dreams and efforts which have been invested to
bring this worthwhile project to reality. (Nancy A. Sachse, "A Thou-
sand Ages." 151 pages. 1965. Available through: The University of
Wisconsin Arboretum, 329 Birge Hall, Madison, Wis.)

C. THE WISCONSIN STATE BOARD FOR THE PRESERVATION OF SCIENTIFIC AREAS

Although pleased with the development of the arboretum for near-
campus research and training, the scientists and citizens of Wiscon-
sin have not been content to allow the remainder of the State to dis-
appear down the drain of misuse. In 1951, through cooperative ac-
tion of university scientists, conservation department personnel, and
legislators there was created by statute a State board to, "formulate
policies for the preservation, selection, acquisition, and management
of areas necessary for scientific research, the teaching of conservation
and natural history, and for the preservation of rare or valuable plant
and animal species and communities." (Wisconsin statute 23.27).
The board was given the power and authority to—
(a) Determine the acceptance or rejection of areas of special scientific inter-

est that may be offered as a donation by individuals or organizations for pres-
ervation.
(b) Make recommendations to appropriate federal agencies or national scien-

tific organizations of areas in the state that are considered worthy to be listed
as scientific areas of national importance.
(c) Advise the conservation department and other agencies on matters per-

taining to the acquisition, development, utilization and maintenance of scien-
tific areas, including determinations as the extent of multiple use that may be
allowed on approved scientific areas that are a part of a state park, state
forest, public hunting ground or similar property of the commission.
(d) Prepare and publish an official state list of scientific areas available for

research and the teaching of conservation and natural history, and recom-
mend publication of studies made in connection with these areas.
(e) Co-operate with federal agencies, other states, counties, or organizations

concerned with 'similar purposes.
(f) Take such other action as may be deemed advisable to facilitate the ad-

ministration, development, maintenance or protection of the scientific area sys-
tem or any part or parts thereof.

3
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The board was to consist of six members representing the State con-
servation commission, State department of public instruction, Uni-
versity of Wisconsin, State colleges, private colleges, and the Mil-
waukee Public Museum. Members were to donate their services, and
incidental expenses were to be absorbed by the institutions repre-
sented.
Lacking operating funds or the power to hold title to lands, the

State board began its activities by designating certain publicly owned
lands as scientific areas. Through the enthusiastic cooperation of
the Wisconsin chapter of the Nature Conservancy other parcels in
critical danger were purchased and the titles of ownership given to
the university. Through the ensuing years plans were developed for
setting aside representative examples of each natural community na-
tive t the State. After years of intensive study and survey work,
Dr. John T. Curtis, professor of botany of the University of Wiscon-
sin and long time chairman of the State board, published an extensive
treaties on the plant communities of the State which is, without ques-
tion, the most comprehensive treatment of a State flora yet printed
(John T. Curtis, "The Vegetation of Wisconsin." University of Wis-
consin Press • 657 pages, 1959) . In this work he classified and char-
acterized each of the native vegetational communities of the State
(simplified in app. B) . Furthermore, by studying records of the
original State surveyors and early naturalists he was aisle to construct
a detailed map of the distributional patterns of the native vegetational
communities of the State (app. C) . Articles pointing out the work
of the State board and the need for scientific areas were published by
several authors (app. D) .
By spring of 1965, 37 areas had been designated as scientific areas,

and at that time the board approached the State legislature, point-
ing out the extent of its activities and requested an operating budget
for the employment of staff to aid in locating potential sites and assess-
ing their scientific value, and for publication and dissemination of de-
scriptions of scientific areas to the scientists and educators of the
State. The legislature and the Governor proved sympathetic to this
appeal, and operating funds were provided.
Now, in the spring of 1966, the State board for the preservation of

scientific areas is able to proceed more rapidly in discharging its re-
sponsibilities to the citizenry of the State. With a full-time ecologist
already employed and a State natural areas system already comprising
45 carefully selected sites (8 having been added during the past year),
prospects are brighter for the fulfillment of an earlfdream.
Problems yet remain, however. At present the total system includes

less than 5,000 acres, scarcely a fitting representation of the native
communities. Most of the scientific areas have, of necessity, been estab-
lished on lands already in public ownership, and some of the most criti-
cal areas yet to be set aside are not publicly owned. Although the
State board is prepared to put to good use any funds available for land
acquisition, access to such funds has turned out to be anything but a
simple matter. Federal support for this specific purpose is urgently
needed.
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D. SUMMARY

In sharing its experience Wisconsin wishes to stimulate other States
to initiate and strengthen their natural area preservation programs.
Simultaneously, it wishes to demonstrate a Federal responsibility in
the development of centers for environmental training and research
and, in cooperation with the various States, a joint responsibility in the
establishment of programs of selective natural area preservation. One
no longer has to be a professional ecologist to comprehend this need.
(The appendixes follow:)

APPENDIX A

RECENT RESEARCH PROJECTS UTILIZING THE UNIVERSITY OF WISCONSIN
ARBORETUM

During the past three or four years the Arboretum of the University of Wis-

consin has been utilized by at least fifty faculty members and a large number of

graduate students to carry out over ninety research projects. A partial listing of

these projects by University Department is given below.

A. UNIVERSITY OF WISCONSIN

Agronomy: Effect of Fertilizer on Nitrate
Botany:

Sand Prairie Establishment
Effects of Burning on Prairie
Mast Production by Oaks
Antibiosis & Autotoxicity in Native Plants
Selection of Grazing-Resistant Prairie Grass Strains
Developing Native Plants for Horticulture
Factors Affecting the Weed Stage in Secondary Succession
Succession in the Oak Community
Plant Succession in Permanent Quadrats
Growth & Yield of Oak Forest Herbs
Understory Plants and Conifer Growth Cycles
Intra-stand Forest Composition Variation
Rate of Leaf Litter Decomposition
Moss Communities of Different-Aged Pine Stands
Phloem of Woody Plants
Monocot Vascular Tissues
A Fungus (Emericellopsis) in Different Environments
Desmodium, Ant hracnose, and Other Fungi
Austrian Pine Embryology
Earthballing Techniques for Transplanting

Entomology:
Red Pine Sawfly Population Fluctuation
Jackpine Sawfly
Larch Case-Bearer
CO2-Trapping of Parasitic Arthropods
Mosquito Biology
Residual Insecticides in Mosquito Control
Biological Survey of Arboretum Insects
Nesting of Native Bees
Red Pine Attackers

Forestry:
Red Pine Microsporogenesis
Conversion of Oak and Pine Forest

Forest Products:
Fungi in Wood Destruction
Cambial Marking of Red Pine
Soil Characteristics and Wood Quality of Red Pine
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A. UNIVERSITY OF WISCONSIN—continued

Genetics:
Compatibility Test on Pinus
Forest Tree Breeding

Horticulture .1 Landscape Architecture:
Oak Establishment by Seed
Lilac Desirability
Ornamental Crabapples
Viburnums
Hardiness & Variability in Small Shrubs
Phenology of Lilacs

Medical School-Anatomy: Fetal Membranes of Shrews
Meteorology:

Microclimatic Reconnaissance
Subsurface Soil Temperatures

Plant Pathology:
Overwintering of Red Clover Mildew
Red Cedar Resistance to Apple Rust
Conversion of Nettles to Grass
Canker on Quaking Aspen
Selection & Breeding of Poplars

Soils:
Slow Neutron Counter
Soil & Climate Factor Analysis Appraisal
Soil Moisture
Soil Profile Characteristics
Incorporation of Organic Matter Under Native Vegetation
Incorporation of Organic Matter
Light Interception in two Forest Types

Wildlife Management:
Bluebird & Tree Swallow Life History
Woodcock Population
Ring-necked Pheasant Population
Cottontail Rabbit Population
Prairie Propagation
Spread of Mature Wild Plants After Transplanting
Spread of Planted Trilliums
Grass Competition
Control of Tatarian Honeysuckle
Growth of Planted Tamaracks
Foxes
Tree Swallow Population

Zoology:
Small Mammal Community
Environmental Manipulation and House Mouse Populations
Selection of Chemical Elements by Small Mammals
Life History of Flying Squirrel
Predation of Drosophila
Migration of Banded Songbirds
Utilization of Constant Diet by Pheasants
Cecropia on Black Cherry
Nutrients & Vitamins in Algal Growth
Frog Populations
Prairie Small Mammal Populations
Shelter Construction
Orientation of Migrant Birds

B. OTHER INSTITUTIONS

Biology (Marquette University) : Parthenocissus Development & Morphology
City (Madison, Wisconsin) :

Banding Mourning Doves
Lepidoptera
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APPENDIX B

List of -Wisconsin plant communities

[Adapted from Curtis, 1959]

Distinguishing features Communities Representative species

Savannas (scat-
trees) 

{Hardwoods dominant:
1. Oak barren 
2. Oak opening 

Conifers dominant:

,Black oak; Hills oak.
White oak; Bur oak.

3. Pine barren Jack pine.
4. Cedar glade  Red cedar.

Mature trees present__ Hardwoods only:
5. Southern dry forest Black oak; white oak.
6. Southern dry-mesic forest_ _ Red oak; elm.
7. Southern mesic forest Maple; basswood.
8. Southern wet-mesic forest_ _ Soft maple; ash; elm.
9. Southern wet forest Willow; cottonwood.

Mixed conifers and hardwoods:
Forests_  10. Northern dry forest Jack pine; aspen.

11. Northern dry-mesic forest_ Pine; red oak; maple.
12. Northern mesic forest Maple; hemlock; Yellow

birch.
13. Northern wet-mesic forest_ White cedar; ash.

Conifers only:
14. Northern wet forest Black spruce; tamarack.
15. Boreal forest. Balsam fir; spruce.

Shrubs dominant:
16. Shrub-Carr Willow; dogwood.

Terrestrial _ 17. Alder thicket Speckled alder.
18. Open bog  Sphagnum; leatherleaf.

Herbs dominant:
Closed communities:

19. Northern sedge
meadow.

Sedges; bluejoint.

20. Southern sedge
meadow.

Sedges; cordgrass.

21. Fen Bluejoint; managrass.
22. Dry prairie Little bluestem; grama-

grass.
23. Dry-mesic prairie_ _ Bluestem; little bluestem.

Mature trees absent_ _ 24. Mesic prairie _ 
25. Wet-mesic prairie 

Bluestem; needlegrass.
Bluestem; bluejoint.

26. Wet prairie Bluejoint; cordgrass.
27. Bracken grassland Bracken; povertygrass.

Open communities:
28. Open cliff community_ Campion; cliffbrake.
29. Shaded cliff com-

munity.
Polypody; fragilefern.

30. Sand barren Junegrass; little bluestem.
31. Beach community Sea-rocket; saltwort.
32. Lake dune com-

munity.
Beach grass; beach pea.

Aquatic 133. Emergent aquatics 
134. Submerged aquatics 

Cattail; burreed.
Pondweed; Eelgrass.

(App. E is a map which is in the files of the committee.)

APPENDIX D

WE NEED MANY MORE SCIENTIFIC AREAS

(Excerpt from: Hugh H. Iltis-Wisconsin Conservation Bulletin, Vol 24(9) :
1959)

To the biologist, especially to the research biologist, conservation does not
only mean wise use when a use is known. To him, conservation also means
preservation when no direct immediate use has as yet been found.
We have come to realize during the last 30 years that preservation of soil or

forest for economic reasons is not enough; that to really make advances in
proper conservation we have to learn to understand the immense complexities
of what the British ecologist, Tansley, called the ecosystem, the interrelation-
ships of plants, animals and their environments. In order to study these, we need
to preserve areas containing undisturbed ecosystems for sicentific study. These
we call scientific areas.
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What do we really know about our Wisconsin land and soil, our plants and
the animals that feed on them, and the myriads of delicate ecological relationships
between all these organisms? The truth is, we know very little, despite the fact
that we know more about the natural history of Wisconsin than that of most
any other state.

Natural history is in many ways in its infancy. We may know about how
many species of plants grow in Wisconsin, but do we know where and why? And
if we think of insects, fungi, bacteria, and other small organisms, in many
instances we do not even know their names, and less their potential uses, or
importance in the schemes of the living world.
There are countless questions that can be asked. For example, what effect

do all these organisms have on soil formation, or on the growth of trees? What
are the factors that produce the types of soil found in Wisconsin? What effect
does selective cutting have on the heredity of tree species? Why are species
such as chestnut, elm, or oak so vulnerable to disease, especially now that most
.of their habitat has been disurbed by man? What is the maximum size of a
tree? How many local genetic types of, say, red oak or sugar maple are there
here? Are there any strains of oak that are wilt-resistant?
Each woods or prairie has particular forms of each species, each form specially

adapted to that particular site. The differences between them may be minute,
but they are there and they can be measured. With all this variety, each area
is therefore a tremendous storehouse of potential resources, not only for ecological
or taxonomic research but also for the source of as yet unknown economic
products of plants. What month goes by we do not read of a new antibiotic or a
new drug that originated from plant sources? We therefore need to keep
inviolate samples of as many types of vegetation in as many situations as
possible, to keep from extinction as many species and genotypes as
possible. Is there a one among us who could evaluate the potential of Lespedeza
leptostachya? None of us can, for this legume disappeared from Wisconsin with
the plowing of the prairies. And once extinct, no human effort can ever recreate
this or any other species!

It is indeed a small price to pay, to buy 50 acres of prairie! For from such a
prairie as this, which would barely support a family, came streptomycin, or
strains of penicillium, which helped save this country billions in man-hours and
human suffering, or may come a valuable strain of grass or legume.
There are many more questions for which we do not as yet know the answers.

To get the answers, we must carry out basic research. To carry out basic research
we must have natural or scientific areas, that is, tracts of land in a natural
state, set aside and permanently protected or managed to preserve native plant
and animal communities, free from any kind of interference that will destroy
the community. Cultivated land or grazed or cut forest has different living
things—the complex system has changed and with it, the original value for basic
research has been lost.
To quote Aldo Leopold: "The science of land-health (i.e., conservation) , needs,

first of all, a base datum of normality of how healthy land maintains itself as
an organism.

"Paleontology offers abundant evidence that wilderness maintained itself for
immensely long periods . . . soil was built as fast or faster than it was carried
away. Wilderness, then, assumes unexpected importance as a land laboratory.
"One cannot study the physiology of Montana to the Amazon: each biotic

province needs its own wilderness for comparative studies of used and unused
land. It is of course too late to salvage more than a lop-sided system of wilder-
ness remnants, and most of these are far too small to retain their normality.
All wilderness areas, no matter how small or imperfect, have a large value to
land-science. The important thing is to realize that recreation is not their only,

,or even their principal, utility."
What are, then, the principal purposes of wilderness and scientific areas?

First of all, it is here that we can preserve permanently the tremendous com-
plexity of undisturbed natural biotic communities, so that we may further the
understanding of nature for the benefit of man by basic research into the
ecology, taxonomy, and economic uses of its organisms, and to trail ;mit such
an understanding to students of this and later generations.
For advanced students of the land-use sicences, a virgin maple woods or blue-

-stem prairie is a "living museum," an outdoor classroom, a check or control

experiment, and a biological storehouse, whose demonstration value is tremen-
dously important in teaching. Without such a demonstration, no teacher, no

65-624—H-7
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matter how good, can ever transmit to the student the knowledge he needs to
properly evaluate the effects of the activities of man on his surroundings or
ever hope to know nature. To understand the soil of a plowed field he needs first
of all to understand the intact, unplowed soil profile of an oak opening or a
prairie. There simply is no substitute!
For that reason sicentific areas must never be disturbed, out or grazed, except

in the specific cases where management is necessary to preserve a vegetation
type (i.g., the burning of prairies). So-called improvements, like a trail building,
clearing out over-mature timber, or dead trees, or spraying with DDT, or 2, 4—D
are incompatible with their functions.
To the biologist, in addition, the scientific areas may represent in some cases

sanctuaries for valuable and rare species of plants or animals (such as the
blue aconite in Parfrey's Glen), or of whole communities, such as the wild
flowers of the Ridges Sanctuary or the Cedarburg Bog species and communities
which give us clues to the past history of Wisconsin's living things.
Now what do we have in Wisconsin in terms of scientific areas? Wisconsin

has a number of interesting and valuable scientific areas already set aside.
The number is as yet pitifully small, considering the size of the state and the
potential value that will be derived from them in the future.
Through the efforts of Norman Fassett, Aldo Leopold, John Curtis, Albert

Fuller and C. L. Harrington, just to mention a few, a law was passed in 1951
to establish a State Board for the Preservation of Scientific Areas. This board
has worked hard to preserve some 28 of the areas in immediate need of preser-
vation. But in Wisconsin we need not 28, but 280 or even 500 such areas,
scattered throughout the state, to give us a full representation of the vegetation
mosaic that used to cover the landscape. This is the great need, the urgent
problem, for time is running out.
What are the specific problems that we face, in trying to acquire land for

such purposes in Wisconsin, we who are convinced of the value of conservation,
and who have a deep faith in the over-all concepts of conservation on a scientific
basis?
Many of the areas on your map are state property and their acquisitions in-

volved relatively simple transfers of status. This type of acquisition is now
coming to an end, for except for some wetlands there are only a few desirable
and obvious areas left in state ownership that the board has not recommended
and actually set aside for preservation.
Many areas that are of great scientific value are in private ownership and

cost money, often much money. And unfortunately, many of these which are
in the greatest need of being conserved, are also those that are valuable com-
mercially—upland prairies, upland virgin hardwoods, and coniferous forests.
Climax communities can only be bought at great expense, for there are few
such areas left and these are very valuable, even though often less than 40
acres in extent. Nevertheless, some of these will have to be bought, no matter
what the expense.
While money is the big bottleneck in the acquisition of land, there is much

that can be done at the "grass root" level. As a matter of fact, it is the con-
viction of many that this is the real answer to the problem, that the hope of
preservation for many local areas lies in the efforts of the conservation leaders
of the community, you who are reading this, and in the various organizations,
from Garden Clubs to Friends of the Native Landscape, from the Izaak Walton
League to the Nature Conservancy.

Senator NELSON. Excuse me, Doctor. I have an amendment over
on the floor. Senator Metcalf has kindly agreed to come over and
:conclude the hearing. I appreciate your very fine testimony. I
regret that I have to leave.
Dr. DARNELL. I have four more sentences. May I read them after

you leave?
Senator NELSON. Go ahead and finish.
Dr. DARN-FILL. In order to manage the environment to the long-range

benefit of mankind it is mandatory that a label of urgency be placed
upon matters pertaining to the understanding of nature. This un-
derstanding can only be derived from study of representative natural
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areas. Such natural areas would also provide sanctuaries for preser-
vation of our native species in their various genetic strains for potential
use by future generations.
I wish to point out that the international biological program, which

is somewhat comparable to the international geophysical calendar
year, has already established several programs for natural area preser-
vation. The human body maintains a portion of its resources for the
carrying forth of wound healing, body maintenance, and taking care
of such exigencies then as this, although natural communities are pre-
pared to take care of wound healing and any dam.age which may occur.
I think human population might well take a note from natural

community and by analogy take some care to the healing of its sores
and its wounds. I suggest, Senator, in the near future a portion of our
Federal budget amounting to at least 1 percent be allocated to such
purposes as we are talking about now.
I doubt that the agencies involved, that the scientists available

would be able to put that much money to good use immediately. But
1 think we must look forward to that kind of allocation in the near
future.

Senator Nelson, thank you, sir.
Senator NELSON. Thank you, Dr. Darnell.
Senator Metcalf from Montana, who is a distinguished member of

the Interior Committee, will conduct the balance of the hearing.
Senator METCALF. If I read this accurately, the. next witness is Dr.

Fosberg.
Dr. Fosberg, we are delighted to have you before the committee.

I am a cosponsor of this legislation but I have been before the educa-
tion committee, Senator Jackson's committee on NATO, and several
others today. I assure you that the rest of us who are sponsors of this
will read the statements carefully.
So, you are making a record for many of us and not just for me.

Dr. Fogberg, you may go ahead in your own way. You have a pre-
pared statement. If you wish to read it, go ahead.

STATEMENT OF DR. F. RAYMOND FOSBERG, SPECIAL ADVISER TO
THE SMITHSONIAN

Dr. FOSBERG. Thank you, Senator Metcalf.
Ladies and gentlemen, it is a great privilege to express some ideas

concerning certain aspects of the bill under consideration. We have
already heard a great deal about the necessity for this bill. Most, of
course, of what we have heard has to do with the situation in the
United States and work in the United States. These, of course, are
of prime concern. There may have been a time when we were so
isolated and self-sufficient, and when man's ability to affect his en-
vironment was so limited, that we could afford to be concerned only
with conditions in our own country.
These days are now past. We have reached the stage where we are

perfectly capable of effecting changes, either good or bad, in the total
environment of man. Not only are we able to, we are doing it.
It is entirely likely that before we learn the full extent of this power,

we will commit blunders that will injure the entire human race. The
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only way we can hope to avoid such occurrences is to gain an effective
understanding of our world eco-system, and of our own role in it.
Section 9 of the bill authorizes the proposed agency to participate

in environmental research in the oceans and in other countries. This
is, in the long run, undoubtedly one of the most important provisions
of the proposed legislation. While our need to understand the entire
system in which we live may be self-evident, there are a number of
specific aspects that deserve attention.
One is a simple matter. Ecology is not a science that can be pursued

to a very great extent in a laboratory, though certain laboratory work
is essential to it. It is principally studied outdoors, and deals with
large scale phenomena. The problems of ecology are, many of them,
of vast geographical dimensions. Comparing situations with different
combinations of conditions is often the most enlightening approach.
Political boundaries frequently do not enclose all of the relevant fact.
Sometimes the key to a problem may be in parts of the world that are
politically different but ecologically related. The biologists of the
world have come to realize this and are presently planning and orga-
nizing an international biological program (IBP) to bring to bear
cooperative efforts upon those problems that do not respect national
boundaries. This program is for the most part ecological in nature.
It is a recognition that the big efforts in biology of the near future will
be ecological, and that they require international action. We, in the
United States, hope to be in the forefront in the IBP, though we have
as yet found no very suitable means of carrying on large ecological
efforts outside the United States except under military auspices, and
consequently in a military straitjacket. Perhaps the proposed agency
may help with this. It should be our strongest arm in the whole IBP
activity.
Senator METCALF. Wait a minute. What is our responsibility for

carrying on these efforts outside the United States? Should we not
concentrate our efforts on the United States, itself?
Dr. FOSBERG. Because the problems can only be partially approached

in the confines of the United States. We do not have the entire
spectrum of the ecological situation in the world within our boundaries.
We are a very diverse country but we have only a trace of tropical
habitats in the United States. Unfortunately the tropics are coming
to be one of our major headaches. The next couple of items in my talk
deal with these headaches and they are expensive headaches, too, not
just intellectual problems.
Senator METCALF. Do not we have some headaches up in the colder

areas?
Dr. FOSBERG. Oh yes, we certainly do. But I think the things that

I am going to bring next are most acute headaches at the present
time.
Senator METCALF. Here, every time we view any legislation we are

concerned with the billions of dollars that we are spending in Vietnam.
Dr. FOSBERG. Just what I was going to say next.
Senator METCALF. Do you not think that we should look to our own

problems here?
Dr. FOSBERG. We MIISt.

A
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Senator METCALF. Why should we get into efforts outside the United
States when we have only a limited amount of money to spend on this
whole problem?
Dr. FOSBERG. I am afraid we are in them whether we want to get

into them or not. We are principally under ecological conditions that
are not familiar and that we do not well understand. Hence, large
sums of money, and I can assure you no one knows just how much

Senator METCALF. I can assure you that you are right.
Dr. FOSBERG. We have crash programs that are inordinately expen-

sive and inefficient. These are going on all over southeast Asia and
in other parts of the tropics too. I can tell you another thing, that
there are teams and parties of people being sent out to work on prob-
lems and they do not even know that others are working in the same
area.
I have had the experience of one or two of these people finding out

about each other through my office, even though they were both work-
ing for the same agency. This is how confused the situation is. I do
not think we should have let it get that way.
Senator METCALF. Are you on the team that defoliates 
Dr. FOSBERG. I am definitely not on this team. I have some opinions

about that that I will not express here but I certainly am not on this
team at all.

Senator METCALF. Go ahead.
Dr. FOSBERG. I think this waste, you may say, and confusion are un-

avoidable because we did not take the trouble to learn much about
tropical countries between wars, when it could have been done normally.
How many billions will be spent in Vietnam alone, both in fighting a
war and in carrying on our peaceful attempts to better the lot of the
Vietnamese, is anyone's guess. How much of this will be wasted be-
cause the efforts are made in a poorly understood environment will
never be known, but we can be sure that it will be more than enough to
run the proposed agency for a long time.
Second, one of our headaches—maybe some people do not think

this is as much of a headache as Vietnam—
Through AID we have been spending upward of $3 billion a year

to better the lot of the less fortunate people of the earth. The success
or failure of a vast part of this effort, as well as its cost, depends on
environmental complexes and influences on which we have really
very little information. I have spent a great deal of time during the
last 15 years compiling maps and information on the vegetation of
overseas areas for the use of certain Government agencies, and I have
ample reason to know the scarcity of reliable recorded data on most
areas, especially in the tropics. And I also know that when such infor-
mation is needed it is often needed right away, with no time or oppor-
tunity to go out and get it, even supposing that the areas of interest
are at the time open to U.S. scientists.
Our efforts in public health have exerted profound effects all over

the world. With practically no knowledge of the long-term, or even
the short-term carrying capacity of the ecosystems in which tropical
peoples live, we have altered death rates and caused population ex-
plosions that are now frightening us. I do not mean to suggest that
these humanitarian efforts are not good. However, if we had possessed

(
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a clear understanding of the ecological consequences of exponential
increase in population, we would unquestionably have devoted equally,
great attention to means of regulating birth rates. Now the conse-
quences are beginning to dawn upon us and we are paying frantic and
frightened attention to the problem, but we still lack information that
could have guided us earlier, and that will be required to avoid other
such situations in the future.
I have spent a very considerable amount of time abroad during the

last 25 years and have had ample opportunity to observe how many of
our well-intentioned efforts to do good are faring. Failure to under-
stand the environment in which a project is being carried out some-
times has appalling results. It is now perfectly within the ability
of ecologists to predict the success or failure of many development
projects, agricultural or even industrial, if they have studied the
environment in which the activity is to be undertaken, and possess
the right physical and biological data. There are certain ecological
areas, or "life zones" in which certain types of agriculture are pre-
destined to failure. Such areas do not necesarily look very different
from others in which success has been achieved in the past. But the
same environments which produce lush tropical vegetation may be
completely unfavorable to the growth and maturation of certain crops.
In the process of learning by trial and error, irreversible changes
in the soil may be brought about that destroy large areas for further
agriculture, or make such agriculture prohibitively expensive.
I have talked to more than one embittered scientist or ordinary

citizen in foreign countries who had protested, to no avail, against
projects or methods introduced by our foreign aid people, because they
had an intuitive feeling that they were not right. Since they had no
hard data on which to base their opinions, they were ignored, only
to see the projects fail. There is, of course, no lack on intensive strictly
agricultural research after such failures. Frequently, however, the
subtle environmental factors responsible still remain undiscovered,
and even unsearched for, because of the lack of an ecological approach,
or of an ecological framework in which to utilize the information
already available.
We are pushing industrialization in tropical countries with great

vigor, as the solution to their economic problems. But even here in
the United States we are only now discovering the reasons for some of
the unpleasant consequences of our own industrialization. Such
simple ecological situations as temperature inversions can be respon-
sible for disastrous smog concentrations. We did not know about these
when we built the cities and established the industries. We do not
know such things and many others about the sites where we are now
encouraging factory concentrations abroad. Irrigation projects estab-
lished 75 years ago are resulting in salinization of hundreds of
thousands of acres in West Pakistan, because one of the simple
ecological facts of life was unknown or ignored. We do not have this
kind of information, either about ecological principles or about local
situations, that affect many of our present efforts abroad.
Of course7 the mere establishment of an agency with the authority

to do ecological work on an international scale, and even the carrying
out of such work give no assurance that AID officials would use
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ecology as a guide for their planning, but then at least if they wanted to
and had the ability, they could. And when they were in danger of
making mistakes, those concerned would be better able to show them
what might happen.
A very important aspect of our opportunity to work overseas,

granted by this bill, is the chance to make critical studies of major
undertakings abroad, about which we can be more objective than we
can about our own projects. If we were able to send a team to
determine the full story of the Aswan Dam, of the Snowy Mountains
plan in Australia, or of the African ground nut scheme, their origins,
their execution, and their consequences, we would perhaps have some
models against which to measure our own projects and to predict their
results before the plans were crystallized. We should be able to profit
by others' mistakes. This bill will make it possible for us to study
their successes as well as errors.
The United States is very definitely looked to for leadership in

many, if not most, parts of the world, and as the fountainhead of
science and technology. This is true despite widespread anti-Ameri-
canism, some of which is brought about by misguided efforts to help,
as well as by envy. We are being asked to send teachers and scientists,
including ecologists, to countries that are deficient in people with such
training. But even here competent ecologists are scarce, even those
with only local experience in the United States, and most of them are
very busy. Of ecologists with experience in any foreign country we
have far fewer since we have had very few ecological enterprises
abroad in the past. Those with significant oversea experience can be
sent as teachers with much more chance of success than those with only
a local background. If we want to maintain our position of leader-
ship in the free world, we would do well to remedy this scarcity. I
have met many eastern European ecologists, as well as other scientists,
busily observing and carrying on their research in tropical countries.
This is not accidental. Only with a substantial corps of well-trained
and competent ecologists can we hope to meet this challenge.
Lastly, the American people as a whole seem to have a child-like

faith that the apparently impossible problems that face us will be
solved by science. There have, of course, been spectacular successes to
foster this faith, which almost, at times, approaches a blind worship.
However, the only way that science can solve problems is to work on
them, long and persistently. The problems that are going to loom
larger and larger in our future are those involving our shrinking and
deteriorating environment. The science that will be expected to solve
them will be ecology. It is the hope of those who support the creation
of an Office of Ecological Research and Surveys that this will come in
time and be provided with the means to meet the problems foreseen,
both in the United States and in our areas of responsibility abroad.
Only with the trained people and the necessary data plus understand-
ing can science live up to the confidence the public has in it.
This is a timely bill. Recently, in so many words, the President of

Peru insisted on an ecological survey before the establishment of a,
new national park. Ecology, as Secretary Udall mentioned this morn-
ing, is becoming a common word in newspaper headlines and editorials,
both here and abroad. We are actually in a situation where public
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opinion is getting ahead of our governmental institutions. The eco-
logical research and surveys bill is an inevitable response to such a
situation.

Senator METCALF. Dr. Fosberg, do you think we should have an
ecological survey here in America before we establish a national park?
Dr. FOSBERG. I think it would be an excellent idea.
Senator METCALF. Should we send a team of ecological scientists

down to the Indiana Dunes?
Dr. FOSBERG. I think actually in the Indiana Dunes we probably

know enough so that any good ecologist could bring together most of
the relevant facts on what we know. That is a very intensively studied
area. That is where ecology began in the United States.
Senator METCALF. That is interesting. Would you elaborate on

that a bit?
Dr. FOSBERG. The science of ecology in this country probably dates

back as an organized science to two people about the beginning of this
century. One was Clements, who was a more or less dominating
figure in the science of ecology for the first 35 years of this century.
The other was Coles, the famous ecologist at the University of Chicago.
He established some of the basic principles on which the rest of us

have been working ever since by his studies in the Indiana Dunes area,
in the depression, bogs, and lakes between these dunes. This gave
him a kind of microcosm, an area that was tangible where he could see
process going on and fortunately, there he had illustrations, at that
time, of all stages in these processes.
You see, one man does not ordinarily live long enough to see an en-

tire ecological succession go on. But if he can see examples represent-
ing all of the different stages of it, arrayed under a single climatic re-
gime, that is a regional climate where climatic variables are not im-
portant, then he can see what the soil does, what the different stages in
development of vegetation, what influence they have on the environ-
ment, and he can arrive at some principles on which ecology can be
founded. This is what Coles was able to do in the Indiana dunes area,
because this area had not been messed up as it is now.
When I first came to the Eastern United States—I grew up in the

West—when I first came to the East, I went by way of Chicago and I
took a day to look at the Indians dunes because I had been read-
ing about the studies that had been taking place there all through my
college training. It was an important place for me to go and see. I
must say I was a bit disappointed to find the condition it was in even
in 1937. But still there is enough interest so that it certainly should be
preserved.
This has more than just a recreational significance. Most of the talk

has been about recreation for the population that lives around Chicago
and places like that. This is an illustration of some of the basic re-
search that has taken place in ecology.
I think it should be preserved from that point of view as well as a

beautiful recreation area for the inhabitants of the surrounding cities.
Senator METCALF. I know that Senator Douglas is going to be very

grateful for a very eloquent and persuasive argument in support of his
legislation.
Dr. Fosberg, we are delighted to have your testimony. It has been

helpful.
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I am very grateful on behalf of the committee that you have ap-
peared today. Thank you.
Dr. FOSBERG. Thank you very much.
Senator METCALF. I have Dr. Nader, who is one of the outstanding

men in Washington right now, on a television program over in the tele-
vision studio. I am going to ask your permission, if I may, to recess
this hearing for a few minutes so that I can go over and participate in
that. When I come back we will have the witness from the University
of Montana at any time he wants to appear.
When I get back Dr. George Siehl of the National Parks Association

will be the first witness. If you want bear with me for a few minutes
while I recess this hearing and go over and make this television ap-
pearance, I will be right back. Thank you.
(Whereupon, the subcommittee recessed, to reconvene as stated

above.)
Mr. WHITACRE. Because of the lateness of the hour and the fact that

Senator Metcalf may be delayed, we will proceed with the hearing.
Mr. Siehl, will you come forward, please?

STATEMENT OF DR. GEORGE SIEHL ON BEHALF OF THE NATIONAL
PARKS ASSOCIATION

• Dr. SIEHL. My name is George H. Siehl. I am assistant to the
president of the National Parks Association.
The National Parks Association is an independent, private, non-

profit, public service organization, educational and scientific in char-
acter, founded in 1919 by Stephen T. Mather, the first Director of the
National Park Service.
It has a membership of over 32,000 persons throughout the United

States and abroad. It publishes the monthly National Parks maga-
zine, received by all members. The concern of the association is for
the protection of the national park system, which includes great na-
tional parks and monuments of America, and the protection and res-
toration of the natural environment generally. The association ap-
preciates the invitation of the committee to appear and present our
observations.
It has become a commonplace in this, the most advanced technologi-

cal society the world has known, to hear of, and accept, each new feat
billed as a conquest of nature. Almost monthly man is thrust deeper
into space for longer periods of time, defying gravity and vacuum
or plunged beneath the seas to live and work longer and deeper than
ever before. Daily, it seems we hear of vast engineering projects being
proposed or projected, endeavors which would-level mountains, inun-
date canyons, drain lakes and marshes or divert flowing rivers from
their ancient trails.
All these mighty modifications must fall within the category of

activity envisioned about a dozen years ago in a book called "Engi-
neer's Dream." In this book the author pointed out a number of
instances where engineering effort could result in major environmental
changes which in many cases would have readily converted the engi-
neer's dream to ecologists' nightmares.
S. 2282 is a measure which would enable the ecologist to rest a bit

easier when he contemplates the fate facing the natural world. The

(
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language of the bill eloquently expresses the areas of ecological concern.
Acceptance of Senator Nelson's bill could result in a triumph for the
public interest in the fields of conservation and natural beauty as well
as ecology.
The intent of the bill is excellent. I would like, however, to suggest

that language be incorporated making mandatory a favorable report
from the Secretary before any Federal project affecting ecological
values be undertaken. This would require a change in the language of
section 6 of the bill. Such a stipulation would apply also in any proj-
ect in which Federal funds are used. The American people are en-
titled to such protection for the few unravished corners of our land.
Paragraph 9 of section 2, allowing the creating of a system of na-

tural areas for scientific purposes by withdrawal from federally owned
lands is a significant and commendable provision. This is certainly
true also of section 8, especially in the provision of funds for the train-
ing of scientists, technicians, and teachers, needed in the field of
ecology and related fields.
Had our Nation 'been fortunate enough to have such a law in effect

since the close of World War II, then today we would not be faced
with the spectre of an Everglades National Park drying, dying, and
rotting for lack of water while a vast network of waterworks nearby
dumped water uselessly to the sea.
Perhaps we would not have wildlife region refuges and parks lying

prostrate at a threatening roadhead awaiting the destructive thrust
of the concrete lance. Streams, cascading or meandering, and border-
ing habitat for wildlife would not be summarily inundated behind
dams which were built with little or no consideration for the ecological
changes which would be effected.
Wisdom cannot be legislated, but tools for the application of wisdom

can be provided.
Senator Nelson and the cosponsors of this bill have done a yeoman

task in fashioning such a tool. They deserve a strong vote of thanks
for their effort.
In closing, I would say that this measure, strengthened as indi-

cated, is long overdue, and a firm decision in favor of the protection of
ecological touchstones in this the world's most wondrous land.
Mr. WiirrAcRE. Mr. Siehl, you heard Senator Metcalf inquire of Dr.

Fosberg as to whether or not he would recommend that there be no
further authorization for national parks pending the study indicated
in this legislation.
What would your response be?
Dr. SIEHL. I believe that one criteria which is used at this time in

determining whether an area does meet the criteria or the standards
for national parks, that one of these areas of concern is the ecological
situation involved. In some cases this is a primary consideration.
In others we find that economic aspects are used to justify parks,

to the exclusion almost of the ecological effects. I would certainly
think that the ecology should be one of the prime considerations in
considering areas for national park status.
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Mr. WHITACRE. Do I gather from that then that you do or do not
feel that the Department of the Interior, in submitting reports on pro-
posed national parks, does conduct comprehensive ecological studies
of the area prior to recommendations for or against?
Dr. Si-EHL. It is my impression that they do carry out an ecological

study. I think in some cases it could be extended but I believe it is
always included as one of the studies which they do carry out and this
is as it should be.
Mr. WHITACRE. Don't you feel that possibly the establishment of a

national park in an area which may not have received such a study as
you indicate might actually protect it from an encroachment of a com-
mercial type that might destroy the things you wish to preserve?
In fact the authorization of the park goes along with protecting the

area. I am referring particularly th areas like Assateague, Fire Is-
land, Indiana Dunes, lakeshores or seashores which are close to areas
of large population, have a large visitation which is usually not well
controlled.
Dr. SIEHL. I believe in areas such as Assatea_gue that an ecological

survey was part of it. In fact we have the Chincoteague Wildlife
Refuge, which is adjacent to it. In this case we would also have some
ecological surveys in a bordering area actually.
Part of this ecological value had a carryover on the mainland of

A.ssateague, itself.
Mr. WHITACRE. Thank you very much for your testimony.
Dr. SIEHL. Thank you.
Mr. WHITACRE. IS Dr. Ross here?
You are from Potomac, Md. ?
Dr. Ross. Yes I am, sir.

STATEMENT OF DR. PHILIP ROSS, POTOMAC, MD.

Dr. Ross. Mr. Chairman, members of the committee, it is indeed a
pleasure to appear before this distinguished committee and to testify
in behalf of the ecological research and surveys bill.
As a trained ecologist and Government employee, I am acutely aware

of the need for legislation such as this bill provides. I helped write
a botanical survey bill which Congressman Tupper introduced into
the 88th Congress and which started the ball rolling for the develop-
ment of an ecological surveys bill.
Public awareness of the problems that have beset our lands is now

at an alltime high. The newspapers are full of the accounts of floods,
d-uststorms, epidemics, endangered species, pollution, and the effects of
pesticides.
These are but a few of the problems caused by mismanagement or

lack of ecological knowledge. In order to cure these problems and to
prevent a recurrence or new outbreak, the land and its components, in-
cluding the environment, must be studied and must be described and
analyzed, must be investigated for the delicate relationships of the
parts.
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From research and study envisioned in the ecological research and
survey bill can come wise management of our renewable natural re-
sources that will insure use of them and not abuse of them.
Although natural and seminatural vegetation covers all of our land

except for agricultural and urban areas, there is no single national
agency responsible for making an inventory of that total resource and
interpreting it for the present and for the future in a program of land
use and land planning. Not only must we gain knowledge of the actual
resources including plants, animals, and their distribution, but we must
seek knowledge of the basic fundamental mechanisms and relationship
of the components of the natural resources to each other, to their
environment and to men.
There is no one Federal agency dedicated to studying or coordi-

nating the study of the total environment including man, animals,
plants, soil, water, and air.
The concepts outlined in the ecological research and surveys bill are

excellent ones: research and analysis, data storage and dissemination,
establishment of sample populations, granting mechanism for re-
search and training, and assistance to any agency or organization re-
questing advice.
These concepts have worked very well in the public health field, as

witnessed by the National Institutes of Health. It is high time that
we put these concepts to work on the problems that are affecting our
land and our natural resources.
I enthusiastically endorse Senator Nelson's ecological research and

surveys bill.
Thank you.
Mr. WHITACRE. Doctor, are you an employee of the Federal Govern-

ment?
Dr. Ross. Yes I am.
Mr. WHITACRE. And you have made a study of this in the prepara-

tion of the legislation before us?
Dr. Ross. I have been active in studying, preparing for this yes.
Mr. WHITACRE. Do you notice section 10 is, in effect, an open ended

authorization to carry out this program? I know that members of
the committee are interested usually in what this type of program
might cost. Do you have an idea as a result of your background and
knowledge of this, what the cost may be if this bill should become law?
Dr. Ross. I think, as was brought out earlier this morning, the pro-

gram must start out small in order to bring to Washington the scien-
tists necessary to administer and to set up an adequate program.
The program can develop in cost as Congress sees fit. Usually pro-

grams of this size that I have seen have been able to get underway for
$1 or $2 million.
However, I have not gone into the details with the budget people

for the Department of the Interior. This is strictly a personal
opinion.
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Mr. WHITACRE. Thank you very much. I know that those financial
matters are always a matter of interest to the members of the commit-
tee when they study the record, as they will at the conclusion of the
hearings.
Thank you very much, Dr. Ross.
Dr. Ross. Thank you.
Mr. WHITACRE. IS Dr. Ayres present?
You may proceed.

STATEMENT OF DR. ROBERT U. AYRES, THE HUDSON INSTITUTE,
HARMON-ON-HUDSON, N.Y.

Dr. AYRES. My name is Robert U. Ayres, I am a member of the
staff of the Hudson Institute, which is a nonprofit policy research or-
ganization. However, I am here today as a private individual.
I appreciate this opportunity to testify in support of the ecological

surveys bill, S. 2282, and for the record I should say I was educated as
a theoretical physicist. My concern was environmental problems, rel-
atively recent, since I have been engaged in the last 4 years in the
study of environmental effects of nuclear weapons and possibly nu-
clear war.
However, it is a short step from this to the consideration of the ef-

fects of peacetime technological, industrial, and other activities on the
environment.

Since I have submitted a complete statement 
Mr. WHITACRE. Doctor, your paper will appear in full in the rec-

ord. You can summarize it or whatever you wish to do. The material
attached will be made a part of the record.
Dr. AYRES. I think perhaps what I will do is just mention a few

points briefly.
Mr. WHITACRE. You may proceed in your own way.
Dr. AYRES. A good deal I might have said has already been said,

some of the things perhaps better than I could have said them.
The first point I wanted to stress is whether or not the amount of

money currently spent on ecological research is $5 million as the
Smithsonian estimates or $113 million, it still is a very small amount
in comparison with the expenditures which are made each year on
projects which affect the environment. These are projects ranging
from public roads to dams and dredging canals, many things which I
have heard mentioned here today. These things run into the tens of
millions of dollars.
There are two essential arguments that I would make in favor of

this bill or two things which seem to me this bill might accomplish or
help to accomplish.
The first is to provide some bulwark or hedge against disasters. We

have heard already, and I need not report, examples of many kinds of
ecological disasters which have occurred in the past. Further dis-
asters will undoubtedly occur in the future. But there is a large po-
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tential leverage in any money which here may be spent under this bill
in terms of money which can be saved directly.
One need only mention something like the sea lamprey invasion in

the Great Lakes which might have been prevented by very little ex-
penditure or no expenditure, but which after it occurred cost tens of
hundreds of millions of dollars in lost fresh water fisheries.
There have been dozens of major insect outbreaks, often because of

inadequate ecological studies or poorly applied ecology.
There has been an invasion in the fresh waters of the south, in

Florida, for example, of a water hyacinth which has caused enormous
damage. I might mention the invasion of the rabbit in Australia, the
Klamath weed which invaded California. There are a large number
of other examples of this kind. I have listed some of them in the back
of this statement.
Mr. WHITACRE. Along that line, Doctor, would you include the soft

cedar in the Southwest United States as that type of disaster, or are
you familiar with that?
Dr. AYRES. I am. That is an interesting case. I don't think it qual-

ifies as an invasion, but one of the things one might mention, for ex-
ample, is the fact that certain kinds of range vegetation, let us say
unpalatable kind of range vegetation, have prospered greatly in the
last 50 years because of fire suppression over a wide area.
It turns out that the Indians had this problem solved. They lit

fires which burned down unpalatable shrubs. Of course the grass
would then grow the next year, whereas the shrubs required several
years to reach the age of maturity and seed themselves.
The fire suppression in large areas of the Southwest has resulted in

invasion of mesquite and other kinds of wood shrubs covering some-
thing like 13 million acres. I might be wrong about the figure.
But I need not mention I think, the large numbers of these ex-

amples. They are available in the literature. One thing that im-
presses me, however, is the fact that the pesticide industry in this
country has been growing roughly 7 percent per year. Picking your
years appropriately you might make that figure larger but between
1950 and 1960 it was about 7 percent a year.
Since a good many of these pesticides are chlorinated hydrocarbons

and the whole toxigens group have long lifetimes in the soil it is prob-
ably fair to say that the soil burden is also growing roughly 7 percent
a year. This will continue to increase until such times as it reaches
an equilibrium with the environment at which point as much of this
toxic stuff will be washed away into streams each year as we have.
We have not reached that equilibrium point. In terms of the dam-

age these pesticides have done today I rather shudder to think of what
the situation may be when we do reach that equilibrium.
So, to summarize this first point, we can hope to repair some kinds

of damage and prevent others only if we can predict better than we
.can today, and this requires knowledge. This bill should do a great
deal to increase our state of knowledge.
The second point has to do with hedging against future reevalua-

tions of existing resources. It is an old story that there are many re-

•
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sources which are disregarded, then at some time in history with
greater knowledge or greater demand it suddenly becomes very
valuable.
I could give a number of examples but there are some spectacular

ones which may make the point. Twenty years ago or 30 years ago,
natural gas was splendidly burned off at the wellhead. It was not
economic to pipe it anywhere, it was just wasted. Today it is the basis
of a large industry. Among the things that were even wasted when
natural gas was burned off was helium. There was no industry that
required helium. Twenty or thirty years ago it was a scientific curios-
ity. Today it is used in literally hundreds of applications and I be-
lieve that the helium industry is growing 20 percent per year. The
only source of it is in natural gas wells and it will shortly, if you
project the curves, begin to get to the point where demand will exceed
supply.
The implication of that remark, I think, is obvious. We have

great natural resources, many of them disregarded, in our biological
surroundings. Hundreds of thousands of species of birds, animals,
insects, fungi, and so forth. We tend to classify these into beneficial
pests. There are a few hundred species which we think of as bene-
ficial—the plants we use for food and fiber, and animals we use for
domestic purposes, and a few others.

Pollinating insects are an example. There are a few more hundred
species, mostly insects and rodents, which we think of as pests. The
large majority of the species of plants and animals on the earth we
may pay no attention to.
These constitute an unknown resource. One cannot say today what

use we may have for these things. They may provide ideal experi-
mental animals for some purpose we have not yet devised. These may
be resources of natural insecticides or antibiotics. Our descendants
may see beauty where we do not. We cannot say why we want to
preserve a lot of these things but we can say, on the basis of past ex-
perience, that we will want, in the future, some of the biological re-
sources and in that I include ecosystems as well as individual species
which are today dwindling and some of them will be irretrievably
lost.
I would like to read a small section of this just to summarize why

I think this bill is important. Decisions will be made by the Govern-
ment to spend tens of billions of tax dollars each year in the next
decade to build sewage plants and dams, to dredge harbors to divert
streams, to stock fish, to permit, or forbid, powerplants or drip mines
and so on.
Regulations on the purity of water, the killing of animals, the dis-

posal of wastes, the use of pesticides, and numerous other activities
will be fixed and as often happens set to some extent in bureaucratic
concrete. These decisions may be much better ones if ecological knowl-
edge is brought to bear, as recommended by subsections 6 and 7 of
section 2 of the bill.
I would hope that some of the problems raised by the witnesses in

regard to coordination or interagency activities can be solved. But
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if just one major incident like the sea lamprey invasion of the Great
Lakes could be predicted and avoided—and there have been a number
of such examples, loss of the chestnut tree for one—if just one major
incident could be prevented or counteracted as a result Of the research
activities and ultimately advice generated by this bill, its cost would
be more than justified in the most direct economic terms.
In short, the kinds of basic research which would be stimulated

and supported by the provisions of this bill offer the reasonable ex-
pectation of a very high leverage factor in comparison with many
other research and development activities which are currently fash-
ionable.
There is another kind of leverage which is built into this bill. Apart

from benefits we know how to qualify today in terms of dollars and
cents, it is quite likely that in 10 or 20 years we shall be putting dollars
and cents price tags on quite unsuspected kinds of utilities and/or
disutilities.
Water is a good case in point. Not long ago fresh water was so

cheap it had no value—only the cost of digging a well or laying a pipe.
Today we are beginning to look at water with different eyes. If it

has a market value, as it is beginning to, and as it definitely has in some
parts of the country—for instance, people or industries who take water
from a river are getting something of value from the public domain,
which is tantamount to receiving a form of income.
In due course I have no doubt this income will receive legal recogni-

tion in new forms perhaps by being made subject to tax. But that
is a speculation I have no right to make. As people are beginning to
think of water as a commodity with a market price, so, I believe,
they will gradually come to regard air, sunlight, quiet, natural diver-
sity, and beautiful scenery.
The implicit valuations attached to these goods are already clear

enough if you look at real estate prices. People pay a premium for
them which is determined in the marketplace. In Manhattan, for
instance, you pay roughly $5 a month per story in a luxury apartment
building. That is what it costs to get the sun in the morning and the
moon at night plus a little less street noise, a little less polluted air,
and so on.
The point is that many of the things which this bill will help us to

preserve are in the same category: at once priceless and valueless, so
to speak. Many people do not think of them as a valuable asset
today, but sooner or later, as the land becomes more crowded and our
natural resources become scarcer in relation to projected demand, some
of these biological resources we are talking about will almost cer-
tainly come to be regarded as important components of national and
individual wealth.
Today we tend to measure progress in terms of growth in GNP—

the sum of all goods and service bought and sold in the marketplace.
I regard it as a certainty that in 10, 20, or 50 years, we shall also in-
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elude some measures of environmental quality in our standard indexes
of national income and national assets.
The present bill may be an important contribution toward creating

a mobilization base. One cannot create a science complex like the
current high-energy physics or space research establishments over-
night, merely by spending a lot of money. Competent people must
be attracted, trained, and supported. Centers must be created and
nurtured until they reach intellectual critical mass as it were. Theories
must be generated and experiments must be performed. This takes
time. When the need for expertise is acute enough to be widely
recognized, it may be too late to produce it quickly.
Now is certainly an appropriate time to take the first steps. This

bill would go far toward creating the necessary institutional interest
and financial support, in short the infrastructure which could give
ecology a major push toward scientific maturity.
Mr. WHITACRE. Doctor, the committee has recently been holding

extensive hearings on weather modifications and weather control.
One of the factors that has continually entered into a determination as
to whether or not you should proceed is the testimony that qualified
people in that particular field, scientific field, are not available.
Would you say that the same situation would exist in this particular
field or would you attempt to divert some of the many scientists who
are now engaged in NASA space activity in a different direction
possibly?
Dr. AYRES. I don't know that it is possible to shift people around

quite that easily. I think it might be worth making the attempt and
might attract some. More likely I think we have a number of people
in the country who are working in ecology today, others who certainly
would be attracted into the field, if the interest, the "sex appeal" so
to speak, were there.
Mr. WHITACRE. And a proper compensation for their efforts?
Dr. AYRES. Exactly.
Mr. WHITACRE. Does the National Science Foundation contribute

to any of the studies carried on by people in your activity?
Dr. AYRES. You mean in the activity of the Hudson Institute?
Mr. WHITACRE. I mean in ecology.
Dr. AYRES. I am not entirely familiar with the NSF research pro-

gram. So far as I know it puts something like $3 or $4 million into
environmental biology studies, some of which undoubtedly include
ecological work. Such as it is, I would guess that it is among the best
work being done. It is not tied to a particular mission.
Mr. WHITACRE. Thank you very much, Doctor, for a very fine state-

ment. I am sure that the members of the committee will read it with
a good deal of interest—not only your statement but the many others
which have been presented here.
It is unfortunate we can't get a full committee meeting all the time

to hear all the testimony, but I assure you that this record will be
printed and it will be read with interest by the members of the com-

65-624-66-8
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mittee. I might also advise that when this is printed, everyone who
has testified and anybody who desires will be furnished a printed
transcript of the record. If there are any further additions, if any-
body wants to submit a statement, and they will do so within the next
10 days, we will make sure that that, too, is made a part of the perma-
nent record.
Dr. Ayres, your full statement will be included at this point.
(The statement referred to follows:)

STATEMENT OF DR. ROBERT U. AYRES, HUDSON INSTITUTE, HARMON-ON-HUDSON,
N.Y., RE BIOLOGICAL RESOURCE CONSERVATION

I. INTRODUCTION

Ecology as a field today is undermanned, underfinanced and to some extent
undervalued, in any comparative terms—number of scientists, journals, articles,
research monies spent, quality of research done, or memberships in the senior
scientific community (e.g., National Academy of Sciences). But, of importance
to this committee, it is so in relation to the magnitude of the pressures which our
rapidly expanding population and technology will put on our natural environ-
ment and of the decisions which will be made in the next decade on matters of
national importance—with, or without, competent ecological research inputs.
Of the six billion dollars spent in 1965 by the Federal government on funda-

mental and applied research, just over $200 million was allocated to all the
biological sciences outside of agriculture and medicine.1 The fraction of this
that goes into environment-related research is hard to estimate, but it is prob-
ably much less than half, (depending what one counts), or under $100 million.
This is the only support for research inputs on the environmental aspects of a
tremendous range of government and private activities including road building,
electric power generation (both conventional and nuclear), sewage disposal, pest
control, river and harbor projects, fish and wildlife conservation, and recrea-
tion—not to mention broad impacts on agriculture, forestry and health. It is
fair to say that this research has an important bearing on the detailed way in
which tens of billions of dollars are spent each year. I do not mean, of course,
that the big go/no go decisions—whether or not to spend these funds—depend,
in general, on the outcome of ecological or environmental research, although in
the future this situation may also arise, for example, in connection with "clean
air" or "clean water" proposals. But there are many choices affecting the
environment to be made within each of the major on-going activities. Shall a
dam, a system of locks, a sewage treatment plant, or a road be built in this spot,
or that one? Or should another solution for the problem be sought? The more
we know about natural systems the fewer expensive blunders we shall make.

II. A HEDGE AGAINST DISASTER

We do not know very much; certainly nowhere near enough, about our envi-
ronment. As a consequence, our environment is constantly responding to man-
made disturbances—which we can hardly help—in unexpected and unpleasant
ways, which we are often at a loss to understand or counteract. Yet, in many
cases, prediction would make prevention passible. To mention a few examples:
The activities of man have frequently, if unwittingly and unwillingly, intro-

duced new species into environments where they were formerly unknown, and
where natural controls do not exist. Thus, the rabbit, introduced into Australia,
150 years ago as a household pet, has become an ineradicable pest which costs
the sheep farmers hundreds of millions of dollars per year in lost production.

1 Federal Funds for Research, Depelopment, and Other Scientific Activities, Fiscal Years1964, 1965 and 1966, Volume XIV, National Science Foundation, July 1965.
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in our country, the introduction of a fungus, (En,dothia parasitica) from Asia
in 1904 resulted in the loss of all (100%) of the American Chestnut trees—
once the dominant species in the eastern hardwood forests. History is now
repeating itself for the American Elm, which once gracefully lined the streets of
so many towns throughout New England and the Middle Atlantic States. The
fungus (Ceratastomella ulmi) which causes the disease came to the U.S. in
1930, via imported elm burl logs. The fungus is spread by the agency of a
bark beetle, which arrived earlier from Europe, in 1904. Many of these trees
;are now dead, and they are continuing to die despite some palliative sanitary
measures. The same melancholy fate may soon face the oaks, if a bark beetle
(Xylosandrus germanus) now spreading westward from the Atlantic seaboard
becomes associated in like fashion with a fungus now causing oak wilt in the
,central states.

The opening of the Welland Canal bypassing Niagara Falls in 1930 may have
introduced the sea lamprey into the Great Lakes, where it decimated the trout
and bass population and badly hurt the fishing industry. Although partial con-
trols have now been found, the cumulative loss certainly runs into tens, if not
hundreds, of millions of dollars.
The accidental introduction of the prolific water hyacinth has literally choked

many inland waterways in Florida and the Gulf Coast. This has resulted in
heavy controls costs, depreciated waterfront property, health and safety hazards,
and sharply reduced recreational value.
There are numerous other instances. Apart from "invasions" such as these,

one could cite many cases of ecological imbalances—or population explosions—
resulting in serious economic losses: The cotton rat-quail outbreaks which occur
.every few years in West Texas; the Engelmann Spruce bark-bettle plague which
devastated thousands of acres of virgin forest in Colorado for a decade, the
periodic Mormon cricket and grasshopper outbreaks, and so on. Or think of
the ugly and ill-smelling algae "blooms" which often disfigure our rivers when
the conditions of temperature, oxygen and mineral nutrients (from pollution
or sewage) are just right—or wrong.

Fish and birds dead from ingesting poisonous chemicals are doubly symptomatic
,of our national ecological lack of sophistication. In the first place, the "broad-
cast" use of large quantities of toxic chemicals to kill agricultural pests is a
sign of incompetence at finding and maintaining the proper natural controls.
Between 1951 and 1961 the rate of use of chemical pesticides in the U.S. increased
about 7% each year (about double the growth rate of the GNP during the same
period). Some of these chemicals, particularly DDT and the aldrin-taxaphene
•group of chlorinated hydrocarbons, retain their toxicity in the soil for many
years. Hence, the "soil burden" is also presumably increasing at roughly 7%
per year, and will continue to do so until an equilibrium is reached where
the poisons are leached out by rainfall and ground water at the same rate they
are being added. Toxic runoff has already caused tremendous havoc among
fish and wildlife populations. We can anticipate that this problem will con-
tinue to get worse for a long time to come, inasmuch as pesticides are still
only used intensively on about a fifth of the agricultural acreage in the U.S. Un-
fortunately little is known about the long-term ecological effects of this kind
of environmenal stress. It may be that the potenial ecological problems asso-
'elated with radioactive wastes and/or nuclear attack have actually received
more scientific attention than this obvious and everyday problem. Ecological
research could also contribute greatly to the development of economically feasible
means of biological control, which would alleviate the pesticide problem at its
source. There are some notable success stories which demonstrate what can
sometimes be done when ecological knowledge is properly exploited. For in-
stance, the Klamath weed, imported from Europe to California in 1900, had
invaded 21/2 million acres of rangeland by 1950. The answer turned out to
he a couple of imported bettles which feed on the weed in preference to any-
thing else and have successfully brought this particular pest under control.
Or, take the case of the prickly pear cactus, which was exported from the
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U.S. (for a change) to Australia where it spread over 60 million acres by 1925.
Luckily a suitable control was found in this case too, resulting in a 95% decline
in the level of infestation within 7 years from the peak. There are quite a num-
ber of other noteworthy cases which might be mentioned, several of which have
resulted in savings of hundreds of millions of dollars over the years.

III. A HEDGE AGAINST FUTURE REVALUATION

It is a commonplace observation that what is disregarded by one generation
may be highly valued by a later one. To take only one example, our ancestors
treated the great forest as an enemy to be conquered and laid low by any means
possible. Already, we are beginning to regret some of that destruction, which
has cost us much that our ancestors never suspected—such as billions of tons of
rich topsoil.
As late as 20 years ago natural gas was simply a nuisance, generally burned

at the well-head. Today it is a valuable commodity and the basis for a major
industry. The element, helium, was first identified in spectroscopic photographs
of the suns corona (whence its name), because it is so scarce on the earth's
surface. It is only found in natural gas deposits. Enormous quantities were—
and still are—lost irretrievably into the atmosphere because it was not valued
much. Yet, today it is an industrial gas with an enormous variety of techno-
logical issues, some of them, like the "maser," unimaginable two decades ago.
Demand for helium is growing at 20% per year, and will rapidly outstrip all
known sources unless it is conserved.
In the more recent past we have regarded air and water as limitless resources—

free for the taking—to be used or abused at will. We, in this generation, are
beginning to become painfully aware that these resources are not infinite and
must be conserved.
These examples are not directly relevant to the purposes of the present bill,

but they serve to underline the very important point that tomorrow's "price"
for a natural resource may be very different from today's. If we thoughtlessly
permit unregarded natural resources to vanish because we have no immediate
use for them, we may lose by default something of potential value in the future.
This applies to plants and animals as well as air, water and minerals. Per-

haps it is even more important, because each species is an absolutely unique
entity. We cannot duplicate the results of billions of years of evolution in a
laboratory, nor are we ever likely to. It is, at the very least, shortsighted to
label a small number of animals and plants "beneficial," another small number
"pests" and disregard the rest entirely. We cannot say, today, what future
benefits may be derived from the Anopheles mosquito, the cockroach, the whoop-
ing crane or the rhinoceros. They may provide vaccines, food clues to the funda-
mental nature of life, ideal experimental animals for some special purpose,
marvelous pets, explorers of inner space, new vitamins, anti-biotics—or our
children's children may simply see beauty where we did not.
The preservation of natural diversity cannot only be done in zoos, botanical

gardens, and test tubes. An "ecosystem"—or self-contained natural commu-
nity—wherein many different species of plans and animals live and interact to-
gether, is also a kind of unique organism which has evolved over many millennia.
Like Humpty Dumpty, an ecosystem once destroyed may not be possible to put
together again. Similarly, we cannot say what benefits our descendants, or even
we ourselves, may derive from a dune, a salt marsh, a pond, or a granite-outcrop.
But there are plenty of possibilities. We may learn how to control pests without
poisoning the environment—whereupon the pests cease to be pests and become
acceptable citizens or we may learn things of interest to many other branches
of science, or some of us may derive spiritual benefits by just looking.
The compilation of a catalog of the natural biological resources of this coun-

try—and I would hope, in due course, of the continent—is an essential first step
toward a rational program of preserving and protecting these resources against
the unknown demands which the future may make upon them.
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IV. IMPACT OF RESEARCH ON DECISION-MAKING

Let me summarize why I think this bill is important. Decisions wi// be made
by government to spend tens of billions of tax dollars each year in the next
decade to build sewage plants, and dams, to dredge harbors, to divert streams,
to stock fish, permit ( or forbid) power plants, or stripmines and so on. Regu-
lations on the purity of water, the killing of animals, the disposal of wastes, the
use of pesticides and numerous other activities will be fixed and—as often
happens—"set" to some extent in bureaucratic concrete. These decisions may
be much better ones if ecological knowledge is brought to bear, as recommended
by subsections 6 and 7 of section 2 of the bill. If just one major incident like the
sea lamprey invasion of the Great Lakes could be predicted and avoided, pre-
vented or counteracted as a result of the research activities, and (ultimately)
advice generated by this bill, its cost would be more than justified in the most
direct economic terms. In short, the kinds of basic research which would be
stimulated and supported by the provisions of this bill offer the reasonable
expectation of a very high "leverage" factor in comparison with many other re-
search and development activities which are currently fashionable.
There is another kind of leverage which is built-in to this bill. Apart from

benefits we know how to quantify today in terms of dollars and cents, it is quite
likely that in ten or twenty years we shall be putting dollars and cents price-
tags on quite unsuspected kinds of utilities and/or disutilities. Water is a good
case in point. Not long ago fresh water was so cheap it had no "value"—only
the cost of digging a well or laying a pipe. Today we are beginning to look at
water with different eyes. But if it has a "market value"—as it is beginning
to—then, for instance, people or industries who take water from a river are get-
ting something of value from the public domain, which is tantamount to re-
ceiving a form of income. In due course, I have no doubt, this income will
receive legal recognition in new forms, perhaps by being made subject to tax.
As people are beginning to think of water as a commodity with a market

price, so, I believe, they will gradually come to regard air, sunlight, quiet, natural
diversity, and beautiful scenery. The implicit valuations attached to these
"goods" are already clear enough if you look at real estate prices: people pay
a premium for them which is determined in the market place. In Manhattan,
for instance, you pay roughly $5 per month per story in a luxury apartment
building. That is what it costs to get the "sun in the morning and the moon
at night" plus a little less street noise, a little less polluted air and so on.
The point is that many of the things which this bill will help us to preserve,

are in the same category: at once priceless and valueless, so to speak. Many
people do not think of them as valuable assets today, but sooner or later as the
land becomes more crowded and our natural resources become scarcer in relation
to projected demand, some of these biological resources we are talking about will
almost certainly come to be regarded as important components of national (and
individual) wealth. Today we tend to measure progress in terms of growth in
GNP—the sum of all goods and services bought and sold in the market place.
I regard it as a certainty that in ten, twenty or fifty years, we shall also include
some measures of environmental quality in our "standard" indices of national
income and national assets.
The present bill may be an important contribution towards creating a "mobili-

zation base." One cannot create a science complex like the current high energy
physics or space research establishments overnight, merely by spending a lot of
money. Competent people must be attracted, trained and supported. Centers
must be created and nurtured until they reach intellectual "critical mass," as it
were. Theories must be generated and experiments must be performed. This
takes time. When the need for expertise is acute enough to be widely recognized,
it may be too late to produce it quickly. Now is certainly an appropriate time
to take the first steps. This bill would go far toward creating the necessary
institutional interest and financial support—in short, the "infra-structure"-
which could give ecology a major push towards scientific maturity.
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Mr. WHITACRE. Dr. Sill, if you will step to the witness table—we
are very happy to have you before us.
Senator METCALF. So right ahead.

STATEMENT OF DR. RICHARD C. SILL ON BEHALF OF THE
WILDERNESS SOCIETY

Dr. SILL. Mr. Chairman, I am Dr. Richard C. Sill, Reno, Nev. I am
associate professor of physics at the University of Nevada and am also
chairman of the board of control of the George Whittell Forest and
Wildlife Area of the University of Nevada.
I am representing neither my profession nor my university today,

but rather then I have been asked to speak as a representative of the
Wilderness Society in behalf of the bill, S. 2282, introduced by Sena-
tor Nelson.
The Wilderness Society is a national citizen organization of over

32,000 conservation minded members with its headquarters at 729
15th Street NW. in Washington, D.C. The society's longtime broad
purpose is to increase the knowledge and appreciation of wilderness,
wherever found, and to see established enduring policies and programs
for its protection and appropriate use.
In spite of the fact that I am a University of Nevada professor and

head of their wildlife research program and a physics professor, it is
inevitable that though I represent the Wilderness Society I shall draw
on personal background as relevant materials both from my profes-
sion as physicist and my responsibility as head of the Whittell Forest.
I would like to say I feel very strongly about the subject matter of

this bill, S. 2282. What the bill seeks to do should be done. And by
this I mean the acquisition of knowledge of natural ecosystems and if
they aren't natural let them be as nearly natural as possible, the encour-
agement of both specialized and interdisciplinary research on all the
many subjects including physics that enter the natural scene. The
encouragement of natural areas and the establishment of them is es-
sential and I speak for this, too.
In a way I believe the bill's purposes may not be strong enough.

I must confess to prejudice in that I feel man should conduct himself
in such a way that he has a fighting chance to survive indefinitely on
this planet and some of the fruits of my profession cause me to ques-
tion whether this is a real practical possibility.
However, if we manage to avoid blowing or irradiating or other-

wise poisoning ourselves to death, we are faced with a long, uncertain
future on earth.
One aspect of this is a curious one. I suspect that before long we

shall find that man is not adapted to life in a society such as we are
building. One example was displayed in John Fischer's recent edi-
torial in Harper's magazine on substitutes for violence. Another is
the known fact that gregarious species—and man is one—and the lem-
ming is another—can stand just so many of their own kind about be-
fore various nervous and psychosomatic disturbances appear—hyper-
tension some phases of hypoglycemia and so on.
We shall someday find, and since some of us have already, I should

say, we shall be able to document that to live in the cities, one must
have the wilderness as a subjunctive retreat if not an actual one.
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That is to say, then it makes me feel good Everest is there to climb,
(even though I know darn well I will never get there.

But the wilderness system is not on review here in a direct sense.
It is true we must learn to manage it, but we must also learn to manage
the rest of the country for man to live- in outside of the wild country.
Knowledge from the wilderness can help us immensely.
One of my professional fields includes enough knowledge of 
Senator METCALF. Just why do we have to have a wilderness?
Dr. SILL. I wish I could answer that question. The research this

bill fosters may enable us to do so. I am relatively sure that man has
not been designed to work in an environment in which he is constantly
under restraint, red lights, stop lights, don't do this, constant forms
,to fill out, and so on.

Senator METCALF. Millions of people live out there—live their whole
lives without ever going away from the boulevards and the avenues
and red lights you are talking about.
Dr. SILL. That is right. Many of the leaders of the community

that have more and more of this type pressure to bear 
Senator MrrcALF. Don't you think we are taking care of it with a

few barbiturates, aspirin, and some tranquilizers, and we don't need
wilderness areas?
Dr. 'SILL. There is a maximum safe threshold level for such things.

One would hope we are not running on the ragged edges of everything.
I take your statement both seriously and jocularly.

Senator METCALF. Thank you.
And we now have a statutory program to perpetuate the wilder-

ness—I almost said create, but we are not creating any more, we are
kind of cutting off a few of them.
Dr. SILL. It might be a little difficult to create one, but it might

be possible.
Senator METCALF. But I am wondering, would you give me a little

explanation how this affects this bill?
Dr. SILL. I would like to do so. I will give one rather substantial

example.
Senator METCALF. That would be fine.
Dr. SILL. I would like to finish this reference though.
Senator METCALF. Certainly, go ahead. I am sorry I inter-

rupted you.
Dr. SILL. One of my professional fields includes enough knowledge

of servocontrol theory to devise and use sophisticated pieces of ap-
paratus. Such mathematical physical engineering topics must be
brought into the picture of ecological research or we will be throwing
away much of our capability.
Ecology is feedback theory applied to biological communities and

involves inputs from all other fields, atmospheric physics, geology,
hydrology, soil chemistry, and physics, and so on. Hence, I stress the
interdisciplinary features of the research that is needed.
Man attempts to alter something. He succeeds invariably and

usually in the direction in which he seeks to go. He then finds sub-
sidiary chains he did not suspect.
Sometimes these are undesirable—cutting off the carrying of silt by

rivers through the use of impoundments results in the washing away
of the Nation's ocean beaches, for example--sometimes they may be
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catastrophic—using chlorinated hydrocarbons and worse on insects
promotes the development of super insects, or still worse, the wonder
drug resistant bacteria.
So far we are ahead of the game and I do not anymore argue elimi-

nation of DDT and so forth, than Rachel Carson did, if you read her
book carefully—like her I urge caution and as much a priori knowledge
as possible.
Most of what man has worked with so far has a closed loop char-

acteristic inherent of stability—so-called negative feedback. Some-
day he will tangle with something that, pushed too far, will become
nonlinear and achieve positive feedback. It may prove his undoing.
It is almost certain to prove very disturbing to him.
In addition to scientific research in wildlands and other areas which,

S. 2282 fosters I notice it speaks of providing information to the pub-
lic. I wish to urge that this be heavily emphasized and in particular,
that the public needs heavy indoctrination. The bill apparently has
no specific provisions for this. I urge it.
Safeguards should be built into S. 2282 relevant to protecting the

areas studied or at least the elements of the wilderness system when
they are studied.
I would like to refer to specific examples. In behalf of the first I

have two items I am submitting for the record. One of these, the
first, is an excerpt from a report I prepared for the president of the
University of Nevada regarding the scientific features of the proposed
Great Basin National Park.
The other is a preprint in reality—it has not yet been printed—of a

semite,chnical paper delineating some of the more technical features
of the research problems proposed by the so-called Great Basin Na-
tional Park and these are severe.
Senator METCALF. Your two inserts, without objection, are going to

be introduced in the record and are going to be printed at the end of
your oral presentation,
Dr. SILL. What I mean, of course, is that the inclusion of the formal

technical reference a technical paper must have has not yet been
accomplished nor the fin al editing. It is a shade rough but not bad.
The other example I wish to mention is that due to economic consider-
ations we move in the direction of establishing buildings with nothing
but fluorescent lights. This sound fine. There are, of course, minor
difficulties with radio astronomy from the noise that developes.
Of course, this can be taken care of one way: or the other. There

is an interesting example that has a very fine point regarding the feed-
back problem. It so happens the majority of fluorescent lights put
out a considerable amount of energy in the ultraviolet, 3650 group,
exactly how much depends on the tube.
It is also odd that not many people can see ultraviolet light but some

can. When you talk about a considerable amount of energy in the
3650 group you are talking about ultraviolet. I tested a girl in the
optics laboratory the other day who can go down to 3100 Angstrom
units. This girl has perpetual headaches. Evidence suggests that
as we deal with the younger and younger age group we are dealing
with a larger and larger percentage of those whose crystaline lenses
will pass ultraviolet light. I ask, then, what happens when we get
to the place of building elementary schools lighted, if you will, totally
with fluorescent lights?
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The answer is an ecological type situation. The kids are already
antagonistic to school. They get headaches or they don't like the situ-
ation and therefore tend to avoid it still further and end up not having
school skills such as reading.

Senator METCALF. Kids have gotten headaches about schools long
before industrial fluorescent lights were invented.
Dr. SILL. This is a minor point but it is one which could have

ramifications •that are rather substantial. A whole generation of
children who are candidates for the poverty program.
I would like to get to the place that I may talk about the Great

Basin National Park situation as an illustration.
If you wish to bring out then in question how I as a physicist get

involved in this it will take more time. Suffice that I am. And I am
in it with both feet. The Great Basin National Park is a remarkable
situation. I hesitate to use the word unique, however, I mean unique
in the full sense of the term.
It contains a glacier. The proponents of the park say it is a glacier

and therefore is marvelous. The opponents say it is not. In reality
the thing that pertains to this bill is that it is neither. It is a thresh-
old glacier and is a very, very fine indicator of relatively long-term
and relatively short-term variations in moisture and glacial character-
istics. In addition there is a bristlecone pine stand adjacent to the
threshold glacier whose real significance in connection with the
glacier is that highly instrumented studies of the so-called glacier—
which is the only thing in the vicinity that is on the edge of glacal
conditions in the Great Basin—not only tells us what glacial conditions
mean in the Great Basin country but also enables us to tell us over a
period of time what the tree rings mean.
The tree rings are complete—if one goes to Billings' data—back to

9,000 years and 9,000 years ago Ontario was still under ice. We were
still under the ice of the glacial age. We have therefore the op-
portunity here to interpret the significance of the brittle cone pine
and if these can be carried then to a full sense of scientific interpreta-
tion one can then move throughout the Great Basin with other stands
of bristlecone pines and start to develop rough but still significant
average meterological maps of the Great Basin in this time.
This is of considerable importance if for no other reason perhaps

than the scientific inference that increasing the precipitation in the
Great Basin by 50 percent might start the reestablishment of the Great
Lakes, might start resurgence in the direction of true glacial
conditions.
There is another feature adjacent to the glacier, a rock glacier.

These are not understood by geologists.
A rough description is a sort of a slurry of ice and rocks that does

not act exactly like a glacier and does not act like rocks either. This
is not understood. One of these is present. Elsewhere in the basin
are rock glaciers. If we can interpret them we can understand still
further. Among other things comes an opportunity to evaluate what
is happening in these long-range weather modifications studies and
activities that are being undertaken.
This in itself is of considerable importance. But there is still

something behind that. That is practically enough perhaps. I
might note incidentally that some of the ranchers in Nevada are
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quite excited about the immediate possibility of increasing the rain-
fall but if it were realized that by doing so unrestrainedly they
might someday have to hire rowboats to get out of their ranches they
might not be so happy.
There is another feature. The theory of the Lamont Geophysical

Laboratory—I am referring to the theory of Ewing and Donn—
needs testing. If you are familiar with this it deals with the relaxa-
tion oscillator model in which you move from the one saturation point
where the Arctic Ocean is frozen and introducing reduced atmospheric
moisture to the other direction where it is liquid and contributing
enough moisture to the atmosphere so that there is heavy precipitation
as snow on the higher parts of the continent which in turn lowers
the ocean level thus starting the system oscillating back and forth.
In the time scale of thousands of years it may be of little significance

to man but closed hydrologic basins may be susceptible to varying
moisture inputs with a shorter response time.
Professor Gianella is a primary source of the estimate that the

50 percent increase in rainfall might set us back to an earlier period.
He is a very eminent and respected geologist from the University of
Nevada who has studied Nevada geology all his life. He is still
doing so. In any event if this is correct then we find ourselves in
a very intriguing possibility that by modifying the weather to the
degree that may be within reach of weather modifications activity
at this point we might be able to trigger this system whose response
has been hypothesized as that of an asymmetric bistable oscillator far
enough so that it starts moving in the other direction and carrying on
to the state of saturation.
Senator METCALF. Why do we have to create a national park to

do this V
Dr. SILL. Who else can administer the lands to do it?
Senator METCALF. We have land management.
Dr. SILL. Senator Metcalf, you are from Montana. I am from

Nevada. I think we both know the answer to that.
Senator METCALF. The national forest.
Dr. SILL. The national forest does not then have the opportunity

to withdraw land from mineral entry unless they go to U-4 classifica-
tion and it is too restrictive.
Senator METCALF. Are they going to carve building stone out of

these rock glaciers?
Dr. SILL. The mining profession has its own ideas about what should

be done in the area. Their interest is in the sedementary rock area,
north of the Mount Washington beryllium deposits. It is not impos-
sible that if one can work out a satisfactory compromise it might be
a satisfactory compromise. The possibilities of interdisciplinary re-
search here still farther north in a relatively unmineralized region
involve among other things, a full use of instrumenation like that used
in space technology, building small instrument packages so that you.
can retrieve data by remote challenge procedures. You can set up a
challenge receiver-transmitter in the proper place and it will obtain
continuous data from other areas in the Lehman Creek region as well
as from the glacier.
I point this out not particularly to plug the area itself but I feel that

intensive studies should be made and precipitate action should not
be taken—should not occur until we know what we are doing.
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Senator METCALF. We have a lot of glaciers in Montana.
Dr. SILL. But they are not in a threshold condition.
Senator METCALF. I don't know what kind of glaciers they are but

they are lovely to look at.
Dr. Su,L. That is true.
Senator METCALF. Come up and see them.
Dr. SILL. Is that an invitation to quit?
Senator METCALF. No; we have a lot of time here.
Dr. SILL. I would like to urge, in any event, that the bill in question

here, S. 2282, is one which recommends, encourages the sort of study
that should be done in the areas.
I understand that, Senator. Was it you who asked the question

whether all proposed national parks should be subject to ecological
studies?

Senator METCALF. Yes.
Dr. SILL. I think the answer is "yes, in a sense." But the danger

with these reviews is that in the process of finding out what is there,
the barn is sometimes stolen. The review is excellent and it should
be done. In the meantime it should not be deferred to such a degree
that there is nothing left to study.
This is what might happen in those proposed areas.
Senator METCALF. When there is nothing left to study neither of

us will be around unless somebody makes a mistake in another area in
which we are concerned and starts dropping nuclear bombs. Then we
won't have any problems of wilderness or anything. Of course, as you
know, I am a cosponsor of this bill. I have asked you these questions
and I think that you have answered them very well. You have pointed
out some additional reasons why we should enact this legislation.
Dr. SILL. May I answer a question you have not asked?
Senator METCALF. Surely. I will ask it.
Dr. SILL. Please ask me the question why do we want to preserve

things anyway?
Senator METCALF. Go ahead. I have asked it, now you answer it.
Dr. SILL. I will give you the simplest answer, not to close our bridges

ahead of us.
Senator METCALF. That is a pretty good answer.
Dr. SILL. As someone else said, I don't recall who it is, we should

preserve for the future the opportunity to answer questions we don't
even know how to ask.
Senator METCALF. We have a lot of answers around here but several

of us don't even know the questions that are going to come up in the
future.
It has been really a pleasure to hear you. The two items mentioned

previously will go into the record. Do you have anything to add?
(The documents referred to follow:)

EXCERPTS FROM A REPORT ON PROPOSED GREAT BASIN NATIONAL PARK

(By Richard C. Sill, chairman, board of control, George Whittell Forest and
Wildlife Area, University of Nevada, prepared for Dr. Charles Armstrong,
president of the University of Nevada, April 18, 1966)

The Snake Range, southeast of Ely, Nevada, is in two parts separated by
Sacramento Pass through which U.S. 6 and U.S. 50 go. This range is large and
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DESCRIPTION

high, possessing half of the highest two dozen peaks in Nevada, four in the north
(including peak #5, Mt. Moriah 12,050') and eight in the south (including peaks
#2, 3 and 4, namely Wheeler Peak 13,063', Jefferson Davis 12,800', and Baker
Peak 12,294').
The Southern Snake Range is the site of the proposed Great Basin National

Park. It is itself divided in two parts, the northern being largely composed of
quartzite and granites, while the southern part consists largely of limestone and
other sedimentary and metamorphic rock. The dividing line between these two
regions is approximately the saddle between Mt. Washington 11,676' (Nevada
peak #14) on the south and unnamed peak 11,804' (Nevada peak #12) on the
north. This regional dividing line runs more or less ESE and WNW and forms
approximately the southern boundary of the park area proposed in H.R. 6122
(Baring). The region south of this line contains about 95% of the probable
mineralization of commercial interest and the famous beryllium deposit.
The range has seen extensive glacial action in the Quaternary period, the

South Snake Range having a dozen or more glacial cirques of varying magni-
tudes, including one large cirque which contains a threshold glacier (the so-
called Matthes Glacier) and a rock glacier, both evidences of periglacial condi-
tions. This large cirque is the one northest of Wheeler Peak located between
it and Jefferson Davis.
The Southern Snake Range contains a number of fine stands of bristlecone

pines. Two will receive special attention in this report—the stand immediately
adjacent to the Matthes Glacier in the Lehman Creek drainage and an extensive
stand on Mt. Washington, a large part of which is on mining claims.
Around the flanks of the range on the east side, in particular, there are many

limestone caves, some incorporated in the Lehman Caves National Monument.
In Lexington Canyon there is a substantial natural bridge of some interest.
The range contains the largest known mountain mahogany (in Lehman Creek)

and several of the largest aspen trees known are found in canyons along the
eastern slopes of the range. There are at least four species or subspecies of
endemic fishes present, dating from the Pleistocene epoch.

Biologically the Snake Range appears to be somewhat of a melting pot, with
influences present from the Sierran and Wasatchian regimes and others from
north and south. This very mixture may eventually prove one of the most in-
teresting features of the range and be of substantial scientific significance.
The recent development of interest in interdisciplinary research of great

practical and theoretical importance has not yet been reviewed publicly, and
not much is known about its prospects. It is interesting to note that the origi-
nal field investigations of the Park Service study team stressed the scientific
aspects of the proposed park. Other relevant matters entered the public record
in the December, 1959, hearings. These were but precursors of the recent reali-
zation that great importance must be attached to the scientific problems which
should be studied in the area, particularly in the back country which is now
in more or less wild condition. This subject is treated in more detail in another
part of this report.
A suggestion is made that if a Great Basin National Park is established and if

it is to be a valuable member of the Park System certain features should be
emphasized:
(1) Unparalleled opportunity exists for dramatic and meaningful interpretive

programs, nature trails, exhibits, etc. Heavy and proper emphasis on this phase
can make this one of the most visited and respected national parks. Intimate
contact with the back-country basic research can keep the program developing
and growing in attractiveness and stature. This is the strongest single feature
this small park possesses in addition to representative and, in its own way,
excellent but not spectacular scenery.
(2) An unparalleled opportunity exists for essential basic research into prob-

lems of Pleistocene glaciation and climatology, plant and animal dispersal during
the past, and understanding of the present state of the Great Basin. While
there are many other areas in Nevada and in the Basin and Range Province that
have important research possibilities and challenges, only in the Southern Snake
Range is there a threshold glacier. In addition the bristlecone pines closely
adjacent to this important indicator of climatic conditions and variations com-
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bine into unduplicated opportunities for research of major importance for itself
and to help research elsewhere. Rock glaciers are not well understood but are
believed themselves to have significance as being in periglacial condition. If
this rock glacier can be studied thoroughly, it may permit use of other rock
glaciers that exist elsewhere in the Great Basin to extend knowledge still
further. It is for this reason that attention has been focused on the proposed
Great Basin National Park area in spite of its inherent complex social, economic,
and political problems.

Intensive instrumentation is needed to study the climatological and ecological
problems and this is discussed later in this report in more detail. In general,
however, telemetered data would permit running displays of temperature, mois-
ture content, precipitation, wind velocity, and their profiles in the glacier cirque,
bristlecone pine stands, Bald Mountain, Wheeler Peak, Stella Lake, etc. in the
interpretive centers.
(3) A basic scientific laboratory should be set up near Lehman Caves as soon

after the establishment of the National Park as possible, and its Director should
be a broad and competent scientist carrying the permanent title and rank of
Assistant Superintendent of the National Park. A national advisory board
should advise and assist him. The interdisciplinary nature of the research
must be preserved, and eventually the research center should have a permanent
staff on a half dozen scientists, and as many technicians including some first-
rate specialists in modern electronic physical instrumentation and telemetery.
(4) Road development in the back country should be minimized until the

research center is well established and its personnel know what its reference
base is and can plan a suitable and long-range scientific program.
(5) Recreational opportunities are adequate, especially if supplemented with

the proposed adjacent National Recreation Area.
One substantial administrative problem is that of wildlife management in this

and any research natural area.
Ranchers have traditionally favored heavy predator control efforts to protect

their livestock. However, as a result, they have not infrequently been invaded
by deer and rodents. As a consequence wildlife management has proven difficult.
Hunters expect a reasonable chance of making a kill and, as a result, decry the
deer taken by the mountain lions. They too usually seek virtual eradication of
large predators. The effect is to place the burden of predation on man, whose
selectivity is not at all the same as is that of the mountain lion, who frequently
if not usually achieves his kill among the slow, weak, or even diseased animals.
Long-range consequences of this alteration of selection probably can be predicted,
but remedial action is not at all clear unless enough mountain lion and other
predation is permitted so that the deer species does not deteriorate entirely.
Man's chivalrous distaste for shooting does is doubtless having a selective effect
on the temperament of the bucks that survive to breed, with totally unknown
effects. It is desirable for additional basic and long-range research to be done on
these subjects, and while not absolutely essential here, could be done in connec-
tion with the intensive research effort envisaged with good likelihood of achiev-
ing results of significance. Of course the best information available from wildlife
management research going on elsewhere should be used in this area. This
feature, serving to strengthen knowledge of proper game management might help
the sportsmen to accept the suggested compromise in spite of the apparent with-
drawal of 53,000 acres from public hunting (most of which does not contribute
much hunting opportunity.)

Detailed review of scientific research and interpretive opportunities in the
Snake Range

Introduction
One of the most dramatic episodes in recent geological history has been the

successive appearance, advance, and retreat of continental and mountain glaciers
in the Quaternary Period. Four times the ice sheets have spread over the high
lands and northern parts of the continents and four times have retreated. The
most recent glaciation, in the Pleistocene Epoch, reached its farthest advance
about 35,000 years ago, and retreat began at that time. The changes in glacial
extent with time have not always been smooth. For example, it has been re-
ported that many current mountain glaciers date from the Little Ice Age (as
Francois Matthes termed it) of a few thousand years ago. They may have dis-
appeared entirely in a warmer period which shortly preceded it. (About 10,000
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years ago most of Ontario Province was still under ice for a chronological refer-
ence point.) Whether we have fully emerged from the latest and fourth glacial
stage is a moot question. It is true that the successive interglacial stages have
apparently become successively shorter in duration, but so have the glacial
stages. It is only 35,000 years from the last maximum extent of the fourth
glacial stage, and about half of the last ice sheet remains. It seems possible we
may have not fully emerged from this latest period of glaciation and may in fact
only be experiencing a momentary lull before the ice fields grow or are formed
again.
Major scientific problems exist relevant to the Quaternary glacial epochs.

The Quaternary is of particular interest to man, not only because of its glimpse
of great forces at work and its drama but also because man appeared and evolved
into homo sapiens in this same period. Only in the late Paleozoic and in the late
pre-Cambrian eras is there evidence of similar massive continental glaciation.
The intervening Mesozoic and the ,Genozoic (until the last million years or so)
had warm marine climates. No adequate theory that could account for these
glaciers was available until the theory of Ewing and Donn of the Lamont
Geophysical Laboratory, which suggests that the Arctic Ocean when isolated
from the Pacific and Atlantic Oceans (as is the case when much water is stored
as ice on the continents) freezes over and provides little moisture to the northern
hemisphere atmospheric burden. As a result the glaciers melt and the ocean level
rises until communication is reestablished to the Arctic Ocean which then be-
comes relatively ice-free. In this condition it provides large amounts of moisture
to the storms which deposit water as snow on the colder and higher centers
permitting glaciers to develop once more. A vast oscillatory system is thus
established which accounts in general for the facts that are known.
Testing this theory is not only of great interest but also have some long-range

practical significance. If some way were available to modify the weather ade-
quately, man might find himself triggering a return to the glacial period or
possibly the reverse trend might be initiated. Once well under way, it might
not be possible to stop the global machinery. While the time scale is probably
in the order of thousands of years and therefore of little immediate significance
for man, yet, if one looks on a smaller scale, he finds he ought not so quickly dis-
miss concern. It seems obvious that much greater knowledge of such processes
is in order since there is some reason to believe that the Basin and Range Prov-
ince may be particularly susceptible to varying moisture inputs (see the attached
preprint of a paper in preparation by the author which is identified as Section
V.) and some evidence exists that relatively minor increases in moisture and/or
lowering of the mean temperature might start the Basin and Range Province
climate toward a more pluvial period. Professor Vincent Gianella has indicated
that his studies of Nevada geology and present conditions suggest an increase in
rainfall of perhaps only 50% might start the reestablishment of the old lakes.
Such an increase in average precipitation is not unthinkable for the not distant
future as a result of weather modification studies currently in process and efforts
that will inevitably be mounted.

Scientific research
Among many research topics that could profitably be investigated in the area

there are several that are uniquely desirable. These include the following:
(1) As noted earlier unique opportunities exist in this area. Modern remote

indicating instrumentation should be placed in the Matthes Glacier cirque and
in the bristlecone pine stands which closely adjoin it. Such instrumentation
should also be placed at other sites as needed to guarantee the needed support-
ing information about microclimate in the Lehman Creek drainage. With the
instrumentation techniques developed in connection with the exploration of
space, these instrument packages can be made small and with minimum power
drain. They can either store information and play it back on demand or can
be read instantaneously on a challenge-transmit basis by a challenge-receiver
situated on the east ridge of Buck Mountain at about the present (April 1966)
terminus of the Lehman Creek road. From here land lines can relay the signals
and hence data to the research centers at Lehman Caves, or even more remotely.
and make available detailed information no matter what the season or time of
day, of temperature, moisture, wind velocity, etc., and profiles of these and other
quantities. It is possible that new measurement techniques such as the Moss-
bauer effect (of nuclear physics) can be used to make continuous measurements
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of motion of the ice of the glacier. (Velocities as little as millimeters per month
are thus accessible for measurement.) All of these data available remotely and
continuously can provide the most sensitive determination possible of just what
is happening to the glacier and can permit evaluating the significance of the rings
on the bristlecone pines on a year to year basis.
(2) Intensive studies should be made of the plant and animal communities

that exist in the Park, including meticulous collections and population evalua-
tions coupled with detailed microclimate data and bioenergetic studies of selected
plots and ecosystems so that it may be known what is in the region, what the
"preferred" conditions are, and whether these are stable or in some dynamic ad-
justment. In addition one can suggest pollen analysis, soil genesis in relation
to plant succession studies. These data should be supplemented as soon as
possible with similar (but necessarily less detailed) evaluations of plants and
animal occurrences in nearby ranges and eventually over the whole Basin and
Range Province. Together a picture of conditions and occurrences will permit
an evaluation of how and where biological bridges existed in the past and might
be hoped to provide a chronology for these conditions in addition (an ordered
chronology if not a numerically precise one.)
(3) Correlated geological studies can help provide information about related

geological matters and therefore round out the over-all picture.
(4) Ground water studies, again using the most modern available techniques

and theories together with the old fashioned gauging stations and weirs, will
supplement all of the above. Also overland flow in relation to erosion and nat-
ural ecosystems in the Great Basin region.
(5) Archaeological studies should prove of further correlative significance.
(Problems of maintaining the National Parks in accordance wtih their pur-

poses and in presenting knowledge to the public involve research of basic nature
in most of the biological and some of the physical and earth sciences. The Na-
tional Park Service has not been particularly successful in past times in con-
ducting or applying the results of this research. Its importance is thoroughly
discussed and specific recommendations made to rectify these failures and/or
omissions in "A Report by the Advisory Committee to the National Park Service
on Research" by the National Academy of Sciences, National Research Council,
William J. Robbins, Chairman, and submitted to Secretary Udall by Frederick
Seitz, President of the National Academy of Sciences on August 1, 1963. The
recommendations should be compared with those contained in the present Report
on Proposed Great Basin National Park. In this connection reference should
also be made to two other reports, "Study of Wildlife Problems in National
Parks," dated March 4, 1963 and "Predator and Rodent Control in the United
States," dated March 9, 1964, being reports of Advisory Boards to Secretary
Udall. A. Starker Leopold was Chairman of both Advisory Boards.)

The Question of Roads
While there can be little doubt that access roads would facilitate the placing

of instrument packages and would permit rapid movement of personnel, they
would also guide the visiting public to the instrumented regions with hazards
to the instruments and what they are measuring. Special conditions prevail at
the edges of roads, and they form ecological bridges themselves. In addition,
vehicles can introduce seeds of exotic species, some of which are not present
only because they have not otherwise been able to get to the Snake Range.
Steam cleaning of cars would help but would not be feasible. Generally instru-
ment packages can now be made small enough so that placement from horseback
or backpack or, in extreme cases, by helicopter are practical. A hiker or horse-
back rider will generally have more respect for the effort to which someone else
went to place such instrumentation and will be more likely to leave it alone than
some of those who drive in. Closing the roads to the visiting public would
be politically impractical and would require intensive policing. This is to be a
National Park and a research facility together, and neither should make impos-
sible demands on the other. The practical answer is to have an absolute mini-
mum of roads in the back, research country and those that do exist must be
open to the public.
Lip service was given to scientific features and almost no recognition of the

interpretive possibilities in the Ely hearings of December, 1959. (In fairness the
writer should note that at those hearings Dr. Fritz Kramer of the University of
Nevada said:
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"The ice field, first mentioned in the Fifth Annual Report, 1883-84, U.S. Geo-
logical Survey, is of general interest because of its occurrence in the semi-arid
Great Basin. It should also lend itself readily to the study of climatic fluctua-
tions since it seems to respond rapidly to annual variations in snowfall and may
be expected to be sensitive to long-term cyclic changes in precipitation. These
rapid responses should make this small body of ice a more suitable subject of
scientific investigation for that purpose than a larger glacier would be."
And in those hearings Mr. Virlis Fischer noted: "The Park Service . . .

assures me they can make of (the proposed park) a very interesting ecological
exhibit. Knowing the fine work of this organization as I do, and the excellence
of its interpretive service, I have no doubt this is true." Later in his testimony,
speaking of retention of the area under the Forest Service, he comments,
". . . there is a wide open field for development here, one which might even find
the Forest Service busying itself with a much-belated interpretive program."
Interpretive program, a discussion
In general, visitors to the Park will have come from any direction across

several hundred miles of desert without significant knowledge of its meaning.
They will view this as a great wasteland and hurry to be through it. If the
Park has been in existence long enough, they will stop as they might at an oasis
but also because they will have heard of its interest. It is the burden of the
Park Service and Recreation Area staffs in their interpretive programs to ex-
plain and demonstrate what it is that the visitor has seen and to help him to
understand it. If adequate attention is given to his program, the visitor will
leave with his eyes opened. He will view the dark dusting of vegetation on
the peaks as embattled pines pushed into the sky to survive, and in his mind's eye
he will see the dry lakes filled to shorelines whose vestigial evidence he will be
looking for. The trees in that not so distant past will be on the banks standing
in close array interspersed with meadows and behind them will be the snow-
covered mountains. Over all will be frequent, heavy, cloud cover. He will see
the clouds depart, the lakeshore recede (followed for awhile by the trees), the
forest will grow thin and burn and then retreat. He will see the country evolve
into what it is now, and, if he is of the right turn of mind (as it seems most
Americans are) he will become fascinated with country he despised a day or two
before. In the heady days of great lakes and snowy peaks and a boreal forest,
he will see glaciers which, in some places, reached from the peaks into the lakes
themselves, and he cannot help but wonder what could have happened so to drain
off a country's lifeblood. He will have a picture of the unity of life and the
mystery of how a bigger or smaller gap between Siberia and Alaska could result
In glacial advance or retreat thousands of miles away in Nevada. He will pause
to explore or promise himself to return just to explore.
The Park Service will have given him a brochure noting the significant land-

marks to look for (which tells of these olden times) on the main highways and
perhaps pictures of reconstructions of how a given (locatable and identifiable)
modern viewpoint would have appeared 35,000 years ago and 10,000 years ago.
He will wish to stop there and compare the view in detail. A book can be pre-
pared and sold at the Lehman Caves visitor center with more such views off the
main roads, with carefully written explanations and descriptions, and with ref-
erences for further study. All the current aids to understanding should be
employed including books, pamphlets, maps, closed tapes, movies, closed circuit
television, diorama's slides, models, examples, trailside exhibits, guided walks,
tours, displays, etc.
The current research going on can be discussed by the Ranger naturalists to

add depth to the picture. Attempts to pre-construct the future would be interest-
ing, and displays of current meteorological conditions in the back country would
keep the visitor in touch with the excitement of the quest for further knowledge.
Examples of specific situations or problems can be discussed in talks by Park
naturalists or even by the scientific staff, as in the following examples—stage
directions are implied in parentheses:
(1) In the most recent glacial epoch the waters rose in the basins of Utah and

Nevada and finally joined to form ancient Lakes Lahontan and Bonneville (maps,
reconstructions.) The water in Lake Bonneville reached a depth of a thousand
feet where it stayed for many years and finally found a way out to the sea (pic-
ture of Red Rock Pass in Utah.) The water from the peaks and glaciers thus
returned to the sea by the Snake River. But the rock was relatively easily
eroded and what began as a creek and then became a river turned into a deluge.

I.
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The water tore at the restraining rock and in weeks or months or years ( ?) the
present gorge was cut. The water level of Lake Bonneville quickly dropped
about 350 feet. The shores of the lake retreated rapidly, leaving stranded fish
and driftwood. Some of the smaller basins once more became isolated. Others
maintained contact with the main lake and cut their own connecting river beds
(pictures and maps of some that can still be traced). Then the drying began,
and the water level dropped too low, the lake, with no outlet, started to turn to
salt, and the forests began to die and retreat upward into the sky islands such
as this one behind us.
(2) In the days of water, as now, plants could spread by seed and by root.

Some could make long jumps, such as those whose seed is carried in the fur
of animals (a list with illustrations), and others are wind-borne (a list with illus-
trations.) 'Still others have seeds that resist digestive juices and are dropped
at great distances from their point of ingestion by birds or animals to take
up a new domain (a list with illustrations.) Still others spread by root stock,
and of these the aspen is numbered. Let us see where aspen grows today and
try to see what the conditions had to be to let it reach its present sites, and
how long these conditions had to exist for it to have done so. Does aspen now
spread most readily after fire has opened the way for it? Does it encircle lake
shores and follow up streams and thus bridge gaps? Are there places it now
lives that cannot be explained? If so, does this suggest that not so long ago
it still had the capacity to spread by seed—a capacity now lost?
(3) Starting with a current distribution of a given type of animal, one can

discuss the conditions it prefers or must have now and assume it was so in
the past, or in some cases show they have changed, show that it started its
spread too late (perhaps) to reach all of the Great Basin mountains or perhaps
that its failure to reach some parts must suggest something specific about con-
ditions which did not exist in some areas at the time the species was emerging.
(4) Animal and plants will have certainly been in places where they no

longer are. One can shown why we know they must recently have been eradi-
cated from certain specific areas. The telling can be impressive and informative.
(5) The Indians lived here—in fact they came from Asia across the land

bridge provided by the lowered ocean level associated with the height of the
glacial period. How did they migrate? What do we know of their culture?
What did they find on their path and in particular in Nevada and Utah? In-
dian legends may give a vague, partly unfocussed eyewitness account of their
emigration but can be fascinating. How did the Hohokum's develop their
nearly unique irrigation system and when? Can the conditions that prevailed
then help tell us? When must the central and South American Indians have
passed through the United States? What were conditions like then?
(6) Report on the growing body of information from the research center on

how the Matthes Glacier has been responding to the known atmospheric con-
ditions and show how the line on the graph started to depart its previous course
as the result of weather modification work done elsewhere (if and when this
occurs.) Discuss the plant and animal communities and show how they ad-
just to external factors. Use the bristlecone pine data to present rough
("mean") weather, precipitation, temperature maps of the Great Basin for
the past 10,000 years or more. Emphasize the "we don't know yet" point of
view where it is informative and exciting.
(7) Discuss the endemic Lahontan or Bonneville fishes. What can they

tell?
(8) Do species that were isolated from each other during the pluvial heights

or minima show biological evidence of long separation? Can one tell about
the rapidity of such divergence? How do some plant species get into various
parts of the world? (One very dramatic ease is that of some of the Arctic-
Alpine grasses which live in the high mountains over much of the earth with
thousands of miles including major oceans between successive colonies and
yet all are still of the same species with little if any biological divergency.)
(9) The growth of continents and mountains and other geological subjects,

well displayed in this naked landscape, would provide still other exicting
exhibits and talks.
These are but sketchy samples, and there are many more. This is a com-

pelling story which needs being told, and here right in the hub of this great
basin and range country, with the research going on, is the place to tell it. The
public will respond, and no one will ever regret having the Great Basin National
Park established if attention is paid to how it is established and the kind of
National Park it is to be.
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THE NEED FOR NATURAL AREAS AND WILDLAND RESEARCH AREAS IN NEVADA

AND IN PARTICULAR A SCIENTIFIC WILDERNESS RESERVE IN THE SNAKE RANGE

IN EASTERN NEVADA
Richard C. Sill

BASIN AND RANGE PHYSIOGRAPHIC PROVINCE

The Basin and Range Physiographic Province, which occupies most of Nevada

and Utah, is unique in the world. It is a hydrologically closed system, consisting

of a large number of isolated smaller basins separated by many north-south

tending fault-block mountain ranges and valleys. The intermountain valleys are

filled with alluvium to depths up to thousands of feet because of long continued

water erosion of the steep, relatively new mountains.
The area is the locale of innumerable seismic faults of all ages, with displace-

ments and patterns that indicate right-lateral displacement along the north-south

trending systems. The coast of California appears to be drifting northward

along the San Andreas fault displacement, and related shear fractures in the

lithosphere occur inland until they disappear in the Uinta and Wasatch Ranges

of the Cordilleran system. The reasons for this structure are not known, and

nowhere else on earth is such an enormous area dominated by the fault-block

basin and range system and subject to the same sort of shear system, which re-

sembles ice floes in an ice field breaking up under heavy shear.
Currently the Basin and Range Province is characterized by climatic condi-

tions which vary in the lower elevations from very arid through semiarid to the
higher mountains where rainfall in excess of 20 to 30 inches yearly is recorded.

The basins are the sites of playas which are often without surface water and
are usually too salty for halophytic vegetation, even though the water table is
often not far below the ground surface. The climatic zones of the central and
southern areas in Nevada are dominated by the so-called rain shadow of the
Sierra Nevada. Much of the rain here falls in the summer in the form of
thunder showers from moist air masses which originate in the Gulf of California
and sometimes in the Gulf of Mexico. The parts of the northern areas that are
generally of higher elevation receive their major precipitation in the winter and
spring from cyclonic storms that develop over the state east of the main mountain
mass of the Sierra Nevada. During the summer, thunderstorms contribute mois-
ture to the higher ranges in north and south. Almost all of the useful water in

the state falls in the form of winter, spring, and fall snow or in summer thunder-

storms, and watershed conditions are of paramount importance to agriculture
and to life itself in the province.
In prehistoric times most of the intermountain basins were partially filled with

water. Some were interconnected to form ancient Lake Lahontan and ancient
Lake Bonneville in northern Nevada and Utah, respectively. Many of the
higher ranges were sites of moderately large to large active mountain glaciers,
and in some cases the glaciation was so great that textbook valley glaciers ex-
isted, pushing out at least to the edges of the ranges themselves, if not into the
lakes. Ancient lake shores can still be seen showing that water depths of the
order of 500 to 1000 feet were reached in some cases and maintained for long
enough periods for definite lakeshore terracing, rock polishing, and other evi-
dences that are unequivocally characteristic of a pluvial epoch.
During this time the flora and fauna probably were adapted to the conditions.

Dense forests of boreal type trees existed. Fresh water fish lived in the lakes or
inland seas. Winter snowfall was probably the predominant form of precipita-
tion, but ablation in summer was minimized by the frequent and heavy cloud
cover. The area probably represented a semi-permanent meteorological low
pressure area. During long intervals of time, continuous land travel, even by
foot, across the area that is now Nevada would have been exceedingly difficult.
Geological evidence exists for a number of different stationary levels of water
in the province, and it is certain that man existed in the area in all or most of
these more recent periods. It is said that some of the Indians living in New
Mexico and Arizona have legends involving their emigrating to their present
domain via canoe down from the north through interminable damp caves, a
picture which can be interpreted as a dim racial memory of a long hegira down
these inland seas by canoe under massive and nearly continuous cloud cover.
These legends should he collected and studied for relevance, if they do in fact
exist.
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The cause of the warming and drying are probably related to the postglacial
condtitions that are almost ubiquitous in the northern hemisphere, and it is
common to regard the current situation as the result of this general climatic
trend. The causes of onset and ultimate failure of the successive glacial epochs
are, however, only subject to hypothesis at this time. The most attractive
hypothesis at present is one by Ewing and Donn based on a relaxation oscillator
model with the input to hemispheric atmospheric water content from the Arctic
Ocean varying inversely with the degree to which that ocean is frozen over. There
is much to be learned regarding the most recent Pleistocene glaciation in the
Basin and Range Province, and questions which will be posed in the following
paragraphs should demonstrate that this knowledge would be of more than aca-
demic interest to people currently living in the basin and range country.

POSITIVE FELDBACK IN A CLOSED BASIN OF GREAT SIZE

It has been suggested that the local pluvial period was as much the cause as
an effect of the climatic cooling, since positive "feedback" exists in the sense
that, once the area was cooled to a threshold level and a required minimum of
water was present, the correlated low pressure area encouraged further pre-
cipitation and further cooling. Very wet and cool periods (as well, perhaps to
a lesser degree, as very dry and warm periods) are probably more readily
regeneratively maintained in a large closed basin than in basins whose excess
surface moisture could drain off to the oceans. That is, the former have a greater
positive feedback than the latter. This would be analogous to asymmetric
bistable multivibrators in general, which drive themselves by positive feedback
so far in one or the other direction of the experimental parameter that they enter
a nonlinear region and saturate or suffer an infinite catastrophe. Only the former
is possible here because of the real limits on water. Normal fluctuations in
weather could conceivably, in long enough intervals of time, acquire large enough
excursions to trigger the system to swing toward the other extreme in a way that
seems a totally disproportionate response to a minor cause. It has been said
that perhaps an average temperature difference of only five degrees and/or a
change in precipitation of 50% separates Nevada now from a new pluvial glacial
epoch. The warm dry saturation limit may not be the stable state preferred by
the asymmertic bistable multivibrator proposed as a model for the Basin and
Range Province climate.
A question is, then, how much variation in precipitation would trigger off a

regenerative drying trend from a saturated pluvial period, and, conversely, and
to us more important, how much variation in moisture could trigger off a re-
generative hydrating trend? The latter would probably not carry to completion
under the current conditions of lack of moisture resources associated with the
hemispheric post-glacial conditions and a frozen Arctic Ocean, but it could
conceivably carry far enough to make drastic changes in the Basin and Range
Province.
The possibility of extensive changes associated with weather modification is

one of such great potential that the evaluation of the long-term effects is essential.
Certainly, if the humidity increased enough, greater mountain precipitation
would occur which would support more vegetation and encourage further cooling.
If this progressed far enough, a semi-permanent atmospheric low pressure area
might be maintained which could "attract" additional moisture-bearing storms or
extract moisture from them more efficiently to reinforce the cooling and pluvi-
ation. While a return to full pluvial and glacial conditions seems extremely
unlikely, in the absence of real knowledge it would seem wise to undertake
massive alteration of climatic conditions circumspectly and with the maximum
possible a prior knowledge.

NEED FOR NATURAL AREAS IN NEVADA

In order that scientists might achieve the requisite knowledge, the areas in
Nevada that can provide information must be preserved. Unfortunately, in
Nevada as elsewhere in the world, man has altered conditions so drastically that
over much of the state natural conditions cannot be disentangled from man's
imposed conditions. However, if care is taken, the needed study areas can still
be saved. What is needed, in part, is a thorough study of geological conditions,
and, by and large, these are not yet seriously endangered by man's activities
except in isolated cases such as under Lake Mead or Ryepatch Reservior.
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The biological conditions however, are seriously endangered, even in the most

protected or isolated areas within the state, and are altered beyond recognition

in the least protected areas. Therefore, the regions whose biological conditions

are, as yet, relatively unaffected by man must be identified and protected with

dispatch. The University of Nevada is attempting a preliminary identification

of Nevada's natural areas at this time. This program is headed by Dr. Frits

Went of the Desert Research Institute. A list of suggested scientific areas for

inclusion in the Nevada State Recreational Master Plan was prepared and

submitted by a group of University of Nevada scientists in 1965.

NEED FOR INTENSIVELY INSTRUMENTED WILDLAND RESEARCH AREAS IN NEVA
DA

In addition, an area in or adjacent to the Great Basin should be secured from

any further alteration by man for use in research studies covering micrometeor-

ology, microclimatology, plant and animal ecology, ground water and watershed

dynamics, soil chemistry and physics, snowfall and ablation, plant and animal

succession, and the relationships between atmospheric moisture, precipitation,

forest evapo-transpiration, and production of nuclei of condensation. The George

Whittell Forest and Wildlife Area of the University of Nevada in the Carson

Range is one such area, and the research and instrumentation program is in

its initial stages there. It cannot serve the basic need for the province, but yet

must exist as a biological and hydrological standard reference as well as a center

of active and integrated research on this broad range of disciplines.

THE SCIENTIFIC CHALLENGES NEED FOR A SCIENTIC WILDERNESS R
ESERVE IN THE

SNAKE RANGE

The major biological and meteorological requirements may be met in the

Snake Range, which lies southeast of Ely, Nevada. This is a mountain range

which is so large and high and remote that a great enough variation in micro-

climatic conditions exists that many living examples of the geologically recent

biota are preserved. Only because the range is remote is it possible for these

ecosystems yet to remain to be studied and interpreted. Conditions of natural

predation probably no longer exist in the area, although these may be susceptible

of rapid recovery if it is so desired. The range also contains the last remnant

of active mountain glacier which can serve as an indicator for climatic and

meteorological conditions and also as a moisture level reference for the biological

communities in its neighborhood. The glacier" is so close to its threshold that

critical studies can be made which may be extended elsewhere over the Great

Basin with reasonable significance. The rock glacier is another feature of

periglacial conditions and is therefore scientifically important. There are also

fine stands of bristlecone pine in the range which probably provide continuous

tree rings for the past 10,000 years or more. These include well-preserved

dead trees, as well as living trees that, in the case of one tree recently cut, include

specimens as old as 4900 years. Dendrochronological and paleoclimatological

studies of these trees, together with other data, can be compared with measure-

ments in other stands of bristelcone pine and hence permit extension of precipi-

tation records over the entire state for the last 10,000 years and thus into the

Plestocene itself. These results may profitably be compared with those of

Douglas in Ariona, for example, for the time interval his data cover.
In addition, the presence of species of plants such as the Douglas fir in

the range, species which have become rare over the Great Basin in general,

except for isolated pockets in the mountain "sky islands," provide evidence that

climatic bridges have existed in the past whose limiting conditions can be as-

certained by study of the stands of these extant species. Other species in the

Great Basin such as the ponderosa pine and Jeffrey pine, mountain mahogony,

and Englemann spruce provide similar information which can be correlated

with other stands elsewhere. There are other living species of plants in the

Snake Range (including the common aspen) which are identical to those in the

Sierra Nevada, the Wasatch Mountains, and other ranges both north and south,

which show under careful study biological and perhaps chronological features

of past climatic variations. There also conspicuous absences and also limits

of species' ranges that must be studied and understood. The possibility must

be carefully studied that the Snake Range has served and serves as a dis-
persal route for plants and animals.
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The variety of animal species is also interesting. The reported absence of
the pika in the Snake Range may be significant. Careful animal inventories
must be made there and elsewhere in the province. The presence of four
endemic fish species from the Bonneville system in the rivers of the eastern
slope of the range tells of a continuous thread of fish life over the post-glacial
period of dessication and confirms that enough water flowed in the streams in
which the fishes are found so that this genetic thread has remained unbroken.
The fact that the fish do not occur in all of the streams of the range may show
that some of these streams dried up too much to sustain life. Properly inter-
preted, this may suggest limits to climatic fluctuations or a prior period sub-
stantially drier than the present, or yet other factors may appear upon careful
study.

MANAGEMENT OF THE PROPOSED SCIENTIFIC WILDERNESS RESERVE

In order for maximum knowledge of natural conditions to be obtained, natural
predation must be-established in the range as quickly as possible so that the
more fragile areas will be protected from distructive overuse by deer or from
the subtle changes engendered by man's introduction of exotic species. They
should also be protected from domestic livestock. This does not preclude recrea-
tional use, but it does require that trails, roads, and camps be planned so that
the recreational use will not exceed tolerance or will be concentrated in areas
which will be predetermined and hence allowed for, once enough knowledge
is available. As much as possible of the area should be left in or encouraged
to revert to wild condition. Fishing requires thoughtful management. Hunt-
ing should be confined to the outskirts of the area, and no hunting of predators
allowed until the mountain lions, coyotes, hawks and eagles, foxes, and bobcats
can re-establish a proper balance. The re-introduction of wolves should be con-
sidered carefully, however, since they alone of major predators have been ex-
tirpated from the area because of their reported belligerent pack activities.
The very substantial task of cataloguing and evaluation plant and animal

species, of evaluation current conditions with which the present ecosystems are
in dynamic balance, meticulous review of meteriological conditions from the
bristlecone pines and other trees correlated with detailed instrumental analysis
of the moisture and microclimatological conditions of the periglacial indicators
adjacent to some of the stands of bristlecone pine—these tasks and others must
be thoroughly and intensively done in the area of the proposed Great Basin
National Park, since nowhere else in the province are enough factors preserved
and so well juxtaposed as here. Furthermore, this area is geographically central
to the whole Basin and Range Province and hence provides an excellent hub for
extended study of the whole province by analytic continuation.

All this requires as little tampering or alteration by man as possible, and
therefore the 25,000 core acres of de facto wilderness should be preserved as
such. An additional 25,000 acres can revert quickly to wild condition if man-
aged for it. This entire 25,000 acre block should be surrounded by a buffer zone
which can have careful road and drive-in campground development with no
harm to the scientific integrity of the core and can also simultaneously serve the
economic interests of Nevada as well as the mass recreational and educational
needs of visitors to the area. A large enough area with predator hunting ex-
cluded should exist to provide adequate range for such far-roaming predators as
the mountain lion. For such reasons, an area of 100,000 acres or more should
be under compatible management. Mining and other such commercial enter-
prises are inconsistent with the scientific reserve features of at least the core
area. Even so, the broad meaning of multiple use will be satisfied, provided
scientific research is given its proper recognition as a proper use for public
lands. In this case the scientific use for the 25,000 acre core lands is probably
the most important individual use the land can have, and it should be admin-
istered in an appropriate manner for maximum benefit to science and perhaps
to the general area.

Dr. SILL. I merely want to implement a suggestion that was made
that we request copies of the testimony. If possible I would like one
for myself and one for the Wilderness Society.

Senator METCALF. I am glad I had an opportunity to hear the last
witness.
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Dr. SILL. Thank you, Senator Metcalf.
Senator METCALF. The record will be kept open for 10 days for any

further or additional material that anyone wishes to submit, at which
time the record will be closed.
Unless there is anything else to come before the committee, this

committee will stand adjourned.
(Whereupon, at 4:05 p.m., the committee adjourned, subject to call

of the Chair.)



APPENDIX

(Under authority previously granted the following statements and
communications were ordered printed:)

STATEMENT OF THE ECOLOGICAL SOCIETY OF AMERICA

An Ecological Context for the Use and Conservation of Natural Resources

(Prepared by the Committee on Applied Ecology of the Ecological
Society of America)

It is necessary to place in perspective an ecological context for the use and
conservation of natural resources. This is not the only possible context. Others
include, at least, economic, technological, political, social, humanitarian, cul-
tural or esthetic, and religious contexts.
The preservation of Gingko biloba in Chinese temple grounds and bits of

North African forests about shrines are frequently cited as examples of religious
interference with exploitative use of natural resources which have led to preser-
vation. The Christian religions have not included such considerations. They
have coincided in time and place with an overriding interest in economics.
Esthetic considerations are little defended. Some people feel a sense of shame

or loss when a landscape and its animals and plants are desecrated, but assuredly
most people do not, since the desecration is man-made and continues to be per-
mitted. Perhaps the feeling of kinship between man and nature is more pro-
found in some artists; however, they seem ineffective in giving the dominant
groups of mankind the same feelings. And if the artist reflects his economically

. determined social milieu, there is no reason to expect a unique contribution from
esthetics to our problem of use and conservation of natural resources. The com-
pletely natural scene is often suggested as an escape from the boredom induced
by urban existence. For ecologists it obviously has other values as well. Dif-
fusion of ecological understanding can conceivably lead to support for conserva-
tion if understanding is construed as an esthetic value.
Humanitarian reasons for conservation can easily be derived. However, the

trend today is for fuller and more rapid exploitation of their resources by
primitive societies. Clearly "improvement" of the lot of primitive peoples has
invariably meant more exploitation of their resources. This arises because we
equate economic well-being with improvement of man's lot. The equation may
be true, but it seems incapable of proof since our society builds into its anthro-
pologists a certain economic bias. In our dominant society there is some hu-
manitarian movement to provide recreational opportunities for people in con-
served bits of our country as a psychological or even physiological escape from
the ecological conditions we have created in our urban areas. The history of
the Wilderness Bill in Congress indicates these humanitarian motives are less
strong than others.

Social considerations are weak. Instead "local interests" or the needs and
desires of individuals predominate in resource use. Whole industries may pro-
mote socially useless or harmful resource management practices such as planned
obsolescence, titillated consumption, incitements to highway slaughter, obesity,
carcinoma, poor medical care, perversion of a public property such as TV chan-
nels, not to mention pollution of waters and air. Society seems helpless. The
long-term needs of our society, at least, have simply not been the concern of
anyone who could or did have an effect on events. Galbraith (1958) has asked
the question, "How much should a country consume?" This is perhaps a
beginning.

Political effects on resource use and conservation can be overwhelming. The
prosecution of a war sacrifices not only human resources but squanders mate-

135
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rial resources as well. On a less gigantic scale pressures for colonialism or
political self-sufficiency or other strictly political considerations are often un-
related to other criteria of resource management.

Technologically almost anything in the way of resource substitution, upgrad-
ing, reutilization, avoidance of waste, multiple use, preservation, or even resto-
ration of resources is possible. We may not have the knowledge now to perform
some of these tasks, but we do not believe the knowledge is impossible to obtain
or the task technologically impossible to perform. We may be fooling ourselves
on both counts, of course.
The problems in resource management are always economic. Ours is an eco-

nomic society. Economics overrides every other consideration in use and con-
servation of resources. This is not a logical situation.
There is one necessary brake on an exclusively economic view of natural re-

sources management, and that is, of course, ecological considerations (Costello
1957 :52 ) . The relationships of resources and men to their environments pro-
vide absolute limitations to what can be done with resources (Cain 1961). The
ecological considerations are therefore fundamental, however minor they may
paradoxically actually be in application.
Natural resources are of physical or biological nature. They form part of

the ecosystems of which man himself is a component. The science which is dedi-
cated to the study of ecosystems is ecology. It relies, of course, on data and
ideas from other sciences, but somewhere along the line the results of these
other sciences must be interpreted in ecological terms. Not necessarily in
ecological terminology.
The above is a description. It is intended to suggest just what is the ecologi-

cal context for the use and conservation of natural resources. The position of
ecology is fundamental. When ecological considerations are ignored, resources
are destroyed.
In applying our analysis, the various contexts governing natural resource use

and conservation will have to be judged as to relative value. It seems obvious
that value judgments can be made best in any society by those who know
values best. This immediately qualifies the ecologist, presumably. There are
no inherent reasons why esthetics should have little value• and economics much.
We hardly live in a subsistence economy. There is very good reason for begin-
ning with an evaluation of the ecological considerations since they limit applica-
tion of the others in an absolute sense. Since most people are aware of their
own interests, or others can tell them, based on how they have acted in the .
past, it should not be too difficult to select panels to arrive at a decent and
balanced evaluation of proposals for resource management. If engineers, for-
esters, agronomists, graziers, land planners, miners, politicians, businessmen, etc.
had an elementary education in ecology, they might be trusted to do the job.
Results indicate they need help. Some desire to make a balanced evaluation
is, of course, necessary.
There is always the trouble that it may be nobody's business how a resource

is handled. Since natural resources are the public's resources, there are politi-
cal means to obviate this difficulty, once the necessity of government is accepted.
There is some present tendency to confuse the necessity of government with the
power to issue a hunting license valid for all species, including other men.
Ecology can offer information for value judgments on a wide variety of re-

source use and conservation problems. Use of nonrenewable resources has an
impact on renewable resources such as plants, animals, and men; the results
of various rates and methods of use are all ecological problems. Uses of land
for forestry, grazing, cropping are applied ecology. The ability of men and
women to survive not only physically by psychologically in the environments
planned or projected for them is not only a matter of clinical test but also de-
pends some on ecological understanding. Periodical lapses in our civilization,
both on the part of whole societies and of individuals, make it evident that
even the forbidding and unsolved questions of rational use and conservation of
natural, physical and biotic, resources may be of less importance in the long run
than the health of the human species. Our health obviously depends on a
favorable environment.

Projecting present trends, we can predict a future for mankind, at least in
the more highly developed countries, where unlimited supplies of energy will
have enabled an almost unlimited population explosion, with the results living
on algae. The picture is projected from modern egg factories.
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The question is whether or not we want to, or even whether we can, live like

these hens. Perhaps if the human mind is developed to a limit of its capacity

a person will be able to occupy his scientifically allotted amount of space and

spend his time in meditation, contemplation, and other purely intellectual activi-

ties. For those who cannot achieve this, there will be television. Modern air-

plane travel is an approximation.
Clearly this is not what we want. We do not want it for ourselves, and we

do not want it for great-grandchildren. We do not even want to be con-

ditioned to think that this is what We want. Most of us, if we had to face this

problem, would insist that what we want is to be able to move around freely,

to have a certain amount of physical exercise, to enjoy the outdoors, to plant

a garden, to create something, to have privacy when we want it and company

when we want it, to eat recognizable food—beefsteak, not algae—and above all,

to have a variety of experience. Monotony is a dreaded punishment.
Perhaps this is the proper context in which to look at natural resources—to

preserve and maintain an environment, in which, a full and rewarding life is

possible, not only in a material sense, but in a psychological, emotional and

spiritual sense. The human being, as we know him, is a product of evolution

controlled by natural selection exerted by the environment. Man's requirements

are, as a result, the features of this environment. This is not only true of his

physical requirements, but of those of his other levels of being. Perhaps in the

long run beauty and inspiration are fully as important aspects of this environ-

ment, as a habitat for man, as are food and energy. Perhaps this is what is

meant by total environment as a resource, and all other resources are merely

parts of it.
If such is the case, our approach to every aspect of natural resources should

be that they all are essential to continuing life as we know it. Therefore, their

renewal, preservation, and maintenance are of overriding importance, and waste

is the greatest of all sins. The search for substitutes should, of course, go on.

but it should not be regarded as the solution to all resource problems and its

success should not be used to justify extravagance and waste. In the long run,

the substitute may be found wanting in some vital respect. Perhaps if we

sacrifice even such a small thing as a species of bird, or such a large thing as

the Greenland ice cap we may find that subsequently the world will not so well

satisfy our needs. Perhaps the knowledge that such a thing as a giraffe exists,

even though we never get to see one, is of importance to our well-being. These

are not economic questions.
In all probability, as the population grows, these considerations will become

more, rather than less, important. What we take for granted now will acquire

an undreamed-of value. This is already happening with fresh air and water.

It can happen with the more intangible of our resources, too, even those which

defy the efforts of the economists to measure.
It is not enough to say that ecology occupies a basic informational place in

resource management. What information does it have to offer? Two kinds:

(1) Specific facts for specific ecosystems, (2) principles to apply to any ecosys-

tem. Obviously, information of the first kind is or has been lacking for most

controversial resource management problems in the U.S. Disasters, such as

the collapse of the logging industry in the Lake States, present West Virginia

coal mining, dry-farm wheat enterprises of the 309s, salinized soils of western

irrigation districts, smog in southern California, the collapse of the western

range cattle industry in 1886, the "development" of the Lake Tahoe area in

California and Nevada would all surely not be allowed in a society which had

some control of its own destiny and at the same time had some information

on what its destiny was to be under a given course of action. The difficulties

with nonrenewable resource use in terms of human communities are particularly

great, but even renewable resources do not spring back within the usable lifetime

of one man.
There is no assurance that present programs of basic ecological research are

providing the factual material with which future disastrous mistakes can be
avoided. They certainly have not provided them.

Ecology is such a broad field that many excellent students are repelled by its

lack of rigor. It can become at the same time so narrow by specilization that
its practitioners are useless outside their specialty. Perhaps the necessary

reliance of ecology on such primitive, poorly developed, and incomplete sciences

as taxonomy, physiology, thermodynamics of open systems, geography, pedology,
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geochemistry, animal behavior, genetics, etc. precludes the emergnecy among
ecologists of scientifically acceptable personages who at the same time are worth
attention for their ecological knowledge. This is a real dilemma.
The bases for ecological work are inadequate. Systematic work on the biota

is a prerequisite for syntheses useful in resource management. However, there
are only a few monographs on specific animals. These are mostly on big game
or large predatory species. There are a few state faunal accounts, almost
exclusively on mammals or birds. A few states have adequate floras. No states
and no regions have adequate monographs of the distinctive kinds of regions
or animal and plant communities occurring within their border except, perhaps,
Wisconsin. Many of the federal agencies have relapsed into a coma of applied
work, which turns out to be work without broad applicability.
Nor are the principles of ecology so well-defined that applications can be made

safely to unmonographed ecosystems. It is impractical to expect that ecological
information could be accumulated in the Ordinary course of uncoordinated re-
search management. It is practicable to expect that ecological principles can be
developed which can be applied. However, principles need to be tested by appli-
cations in monographic work. Instead of work on the principles of ecology
many university departments concerned with biology and many research agencies
associated with land management bureaus have retired into biochemistry or
physiology. This work is inapplicable to ecology because it is not related to
any known environment. Such work is necessary but insufficient.
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STATEMENT OF STANLEY I. AUERBACH,1 ECOLOGLST AND SECRETARY OF THE
ECOLOGICAL SOCIETY OF AMERICA

The need for developing and establishing some orderly, sound, and systematic
basis for evaluating the impact of our burgeoning society on our resources is
not a new concept or idea. Thirty-five years ago a distinguished ecologist, Aldo
Leopold, wrote: "Every countryside proclaims the fact that we have, today, less
control in the field of conservation than in any other contact with surrounding
nature. We patrol the air and the ether, but we do not keep filth out of our
creeks and rivers. We stand guard over works of art, but species representing
the works of aeons are stolen from under our noses. We stamp out the diseases
of crops and livestock, but we do not know what ails the grouse, or the ducks, or
the antelope. In a certain sense we are learning more about the fires that burn
in the spiral nebulae than those that burn in our forests. We aspire to build
a mechanical cow before we know how to build a fishway, or control a flood, or
handle a woodlot so it will produce a covey of grouse."

Professor Leopold's concerns of 1932 were not new to ecologists at that time.
The need for developing some organized effort to preserve examples of our
natural environment in their original condition or to establish means for restor-
ing them to as near an original ecological condition was recognized by the
Ecological Society of America within two years of its founding in 1915. In
1917 the Ecological Society formed a committee on the Preservation of Natural
Conditions for Ecological Research of which the chairman was the distinguished
ecologist, Professor Victor E. Shelford. What was foreseen by ecologists when
our nation had approximately 107,000,000 people is now becomine, more evident
to a large portion of our people as our population nears the 200,0007000 mark.

1 Address is 24 Wildwood Drive, Oak Ridge, Tenn.
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The reasons and need for establishing a national ecological program are many.
I will enumerate only a few.
The growth of our population, the increased time for recreation, and the ever-

increasing network of roads and industries make it mandatory that use of our
natural resources be planned for on a regional basis. The time is almost past
for independent, non-related judgements on the use of land or water resources for
recreational, industrial, or other types of uses. Continuation of this essentially
random approach to the utilization of resources, aside from promoting basic con-
flicts of purpose, can only lead to further deterioration of some resources and the
inadequate use of others. What is needed is planning for multiple resource use
and management on an extremely large scale.
Inputs of ecological information such as would become available if S2282 were

enacted into law would aid in putting such multiple resource planning on a sound
scientific basis. Two kinds of ecological information would be forthcoming under
this proposed program. The first would be specific facts for specific ecosystems.
The second would be principles to apply to any ecosystem. Obviously, informa-
tion of the first kind is or has been lacking for most controversial resource man-
agement problems in the United States. Disasters, such as the collapse of the
logging industry in the Lake states, the present West Virginia coal mining prob-
lem, the dry-farm wheat enterprises of the 1930's, the salinized soils of the western
irrigation districts, the destruction of the fisheries industry of the Great Lakes,
and the industrialization and habitation in river flood plains, would all not have
been allowed in a society which had some control of its own destiny and at the
same time had some information on what its destiny was to be under a given
course of action. There is no assurance that present programs of basic ecological
research are at all adequate for providing the factual material with which future
disasterous mistakes can be avoided.
Four major problems of national concern illustrate why it is essential that a

systematic ecological program be established with objectives which would include
the Obtaining of baseline information in environments which have had little or no
disturbance by man and also studies in areas which have received varying degrees
of disturbance. These problems are radioactive, pesticide, and chemical pollu-
tion of the environment; large scale weather modification; and the possible
environmental origins of cancer and other diseases.
Work on radioactive pollution begun by the U.S. Atomic Energy Commission

clearly demonstrated how ecological processes such as food chain transfers can
serve to move residual radiocontaminants within and between different kinds of
ecosystems. This web of feeding and food relationships is the matrix which
interlocks all organisms and is the prime biological means whereby materials, both
organic and inorganic, are manipulated so that they may be used and reused for
the maintenance of life.
The current concern over pesticides and other chemical pollutants stems from

the evidence that many of these residual toxicants are being moved and otherwise
manipulated in our ecosystems in unpredictable ways. It has become increasingly
clear that we know little of the mechanisms of food chains in our ecosystems; nor
do we understand much of how they tie in with man's economics.
More recently we have become interested in the possibility of modifying the

weather over large areas of our land. Assuming that the technology for induc-
ing climatic change (whether it be simply one of increasing precipitation con-
sistently or the more difficult one of altering temperature regimes) becomes
feasible, how would such changes alter the manifold ecological mechanisms in
the ecosystems that would be manipulated? Would the changes in the food
webs, the population cycles, the flowering times, and the reproductive behavior
of organisms, among other factors, be consistent and remain in synchrony with
each other? Or would we, for example, have flowering plants maturing without
bees to pollinate them because the life histories would be out of phase? It would
be absolutely vital to establish a national ecology program such as proposed un-
der this bill if this country begins large-scale climate control. Without a pro-
gram that would systematically document the changes as well as provide the
facts on what are the normal patterns of ecological balance in our environment,
we might have no way of indicating that our climate control methods are lead-
ing into serious and perhaps nonrectifiable problems.

Another recent development is the possible environmental origins of cancer.
Data are being developed by a number of investigators which indicate a relation
between the incidence of stomach cancer and soil. There is some speculation
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that carcinogens exist in soils either in organic form as may result from the
interaction between soil organisms, trace elements, and organic substances that
are present or find entry into the soil. Or, these carcinogens can be present as
organics that have been introduced into the soil through various means of pollu-
tion. If such carcinogens do exist or are being created, they must find pathways
to the human gastric mucosa. There are several possible mechanisms which
involve directly or indirectly food chain processes or physical and related bio-
logical processes that could account for such a movement.
These four major problem areas in themselves are reasons why programs of

ecological research on a broad scale should be established. To do this research
the ecologist needs to have areas which have been little disturbed and in which
the life processes of food chain behavior, population cycles and the other aspects
of ecological change and balance are being carried on as they evolved over mil-
lions of years. By getting this information over a period of time sufficient to
factor in time-related changes, the ecologist will have a baseline or standard of
measurement against which deliberate changes induced elsewhere but in similar
types of environments can be assessed. Likewise, by establishing ecological re-
search programs in environments that will receive change or other use, we will
begin to document in a consistent, factual manner the impact of these manipula-
tions so that our children, grandchildren, and their successors will have the
means at hand for making wiser decisions about the use of the renewable and
non-renewable resources that we bequeath to them.
The history of mankind is essentially one of the rise and fall of great civiliza-

tions and cultures. An examination of the historical reasons for the downfall of
great civilizations shows us that failure to conserve their resources, especially
their not-easily renewable resources, ultimately led to their destruction. This
self-destructive process occurred gradually. But without the interposition of
planning or utilizing the lessons from others, it occurred inevitably.
With our tremendous knowledge, wealth, and capability as a nation it would

seem essential that we draw on the lessons of history and undertake more and
more of the knowledge-gaining steps which can serve to preserve our kind of
civilization. The enactment of S2282 into law would be a positive step in this
direction.

STATEMENT OF EUGENE H. NICKERSON, NASSAU COUNTY EXECUTIVE

I am most grateful to this Committee and Senator Nelson for the opportunity to
submit this statement concerning the "Ecological Research and Surveys Bill,"
Senate bill 2282.
One time conservationist and author of the Sand County Almanac, Aldo Leo-

pold. once commented upon man and resources in the following manner:
"We know that engines and governments are organisms; that tampering with

a part may affect the whole. We do not yet know that this is true of soils and
water. Thus men too wise to tolerate hasty tinkering with our political con-
stitution accept without qualm the most radical amendment to our biotic con-
stitution."
This quotation epitomizes the lack of knowledge and awareness by man and

his agent, government, concerning the impact of man's industriousness and growth
and progress on nature's resources—land, water, game, fish and air. In certain
areas and for certain species, we know the number of and composition of our
resources; where this information is lacking, a substantial void exists. What
we do not know are the ramifications of our industrial, residential, and com-
mercial expansion into previously rural or natural areas and the consequences in
terms of (1) the effect upon the existence of those resources and (2) the effect
upon the biological, economic, and social patterns of a community.
For example, by the year 2000, it is estimated that 320,000,000 people will be

living in the United States, four-fifths of whom will reside in urban concentra-
tions. These urban complexes will include ten huge super-metropolitan regions
ranging from 5,000,000 to 15,000.000 in population. and 285 smaller metropolitan
areas ranging from 100,000 to 5,000,000 in population.
By the end of the century, New York City's population will increase from the

present 8,000.000 to more than 10,000,000, and it is estimated that the outlying
regions, including our own Nassau County, will use up more additional land in
the next 25 years for urban purposes than all the land now occupied. Stated dif-
ferently, the rate of urbanization will increase at two thousand acres per week
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in the New York region. Stated still differently, for every increase of a million

in population, something like 160,000 new acres will pass into urban or metro
-

politan use, and an additional 35,000,000 gallons of fresh water per year will have

to be made available for municipal supply.
For New York State as a whole the population projections are 23,000,000 peop

le

by 1976 and by the end of the century nearly 30,000,000 people. During this 
same

period, we can expect technological and industrial innovations capable of trans-

forming the character and nature of our land and water resources in multipl
e

and heretofore inconceivable fashions. Furthermore, it has been estimated 
that

transportation and economic developments will increase the contact of man and

nature and, hence, the demand for expanded recreational opportunities. The

increase in recreational and resource use will be spurred by shorter work weeks,

increase in personal income, and lengthier vacation periods.

Human industrial and residential growth and use is going to expand by unim-

aginable degrees. What we must be concerned with now is what sort of land do

we want to inhabit at the turn of the century? If, for example, 95% of the re-

maining open land in the New York Metropolitan region is zoned single family

at an average density of one-half acre per house, what will be the impact upon

the area's natural resources of game, fish, water, air, and land? What ethi
c

should prevail during the next twenty-five years to guide interaction of men and

resources?
Do we want all of our New York State's 70,000 miles of streams, 4,000,000

acres of lakes, 1,000 miles of marine shores, 31,000,000 acres of land area, and our

14,500,000 acres of forest land to become a conglomeration of land, water and

air pollution problems? Do we want New York State's wetlands, which have de-

clined from their previous 1,000,000 acres to the present 150,000 acres to all but

disappear? Do we want continual repetitions of Lake Erie, the Buffalo River,

and the Hudson River disasters which have reduced the total commercial catch

in New York State of fresh water and anadromous fish from 1,467,000 pounds

in 1958 to 884,000 pounds in 1963?
In 1939, in a book entitled "State Conservation of Resources," the National

Resources Committee of the United States eulogized New York State's manage-

ment of resources stating that its history is one of an "epic in public administra-

tion." Such a statement could not be made today.
The fact is that statistics do not exist which can demonstrate the relationship

of man-made intrusions upon environment and resources. Inventories exist

for a certain species throughout the State and certain species in certain areas

of the State. They are prepared only as considered necessary and, for example,

the only fish or marine inventory existing for Long Island was prepared by the

New York State Department of Conservation in 1938 and since that time has not

been up-dated?
Such data are not merely useful for historical and publication purposes. They

should be assuming a major role in the future of New York State and should be

considered a primary factor to be evaluated by government executives and

legislators in determining zoning patterns, projecting their service require-

ments over the next fifteen to twenty-five years, and projecting the impact of

urban sprawl upon interior and surrounding resources and its impact upon

each particular community.
A primary example of this void is the Hudson River. The Governor recently

established a Hudson River Valley Commission to determine the impact of the

Storm King project upon the river's resources and conservation considerations.

If an inventory had existed, these answers, instead of taking years to evaluate

could have been immediately available so that the interested parties could have

made a responsible decision at that time. The 1965 report of the New York

State Joint Legislature Committee on Natural Resources clealy verified this

point, stating "The State Conservation Department admitted that it could not

project the effect of the Storm King project on fish life."
Furthermore, the 'State Government should be intensely concerned with scien-

tific advances and their effects upon natural resources. For example, atomic

plants are a threat to water resources in the form of thermal pollution. This

hot water discharge into cooler bays and other water areas is highly detrimental

to the fishery and marine resources of that particular water area. Instead of

continuing the State's lax attitude towards water pollution and the polluters,

the State should be cracking down on violators and researching new forms of

water pollution by industrial concerns.
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The essential point is that while our economic standard of living has con-
tinually increased, our environmental standard of living has decreased, and at a
much more rapid rate. What is needed, therefore, is an ecological inventory.
Senator Nelson's Bill is a great step forward in a new direction. New York State
and all States need and must be concerned with this vital area. Facts on the
impact of future development, as measured by historical trends, must be avail-
able to government, the legislatures, and the public. We must be aware of the
alternative costs to our resources of future developments in urban growths, of
future housing and industrial zoning patterns, and of the direction of our scien-
tific and engineering advances as they relate to the resource existence. For
example, when a local government decides to develop a certain area to build ten
thousand new homes, what is the impact upon its resources of our fish, game,
water, forests, soils, minerals and land, and how are they related to the economic
and social patterns of existing groups? How will the need for new facilities such
as roads, sewers, and water affect resources? How will the inevitable intrusions
of business and industry affect the area? What will 13e the affect upon the
recreation resources of that community? Quite simply, a tool in the form of an
ecological inventory is an essential to government and should be a vital consid-
eration in answering the question: What should be the future of land and water
use and of man's overall development?
One specific proposal that I might make regarding the Bill is that in develop-

ing systems of analysis and collection of data, coordinating, regional, govern-
mental and private groups be encouraged. The intent here is to balance and
correlate resource impact with jurisdictional responsibility. For instance, a pro-
gram to combat air pollution will take on greater scope than a water pollution
program aimed at a more restricted area. These types of problems should be
correlated to multiple or regional jurisdictions capable of realizing solutions.
To conclude, the objective is to inter-relate man and nature so that we can

be in a position to measure, project and judge the impact of human intrusions
upon natural resources. Such intrusions are occuring daily in the form of metro-
politan sprawl, urban expansion and rural attenuation primarily as a result of
the population boom and technological innovations. These are the facts that
must be considered and related in any wise conservation development.
In the words of John F. Kennedy—
". . . the race between education and erosion, between wisdom and waste, has

not run its course. . . . Each generation must deal anew with the raiders, with
the scramble to use public resources for private profit, and with the tendency to
prefer short-run profits to long-run necessities. The Nation's battle to preserve
the common estate is far from won. . . . The crisis may be quiet, but it is urgent.
We must do in our own day what Theodore Roosevelt did sixty years ago, and
Franklin Roosevelt thirty years ago; we must expand the concept of conserva-
tion to meet the imperious problems of the new age. . . . We must develop new
instruments of foresight and protection and nurture in order to recover the
relationship between man and nature and to make sure that the national estate
we pass on to our multiplying descendants is green and flourishing."
Hence, we must develop this inventory to measure (1) shifts in resource use

and (2) the impact of human expansion, using data gathered from every public
and private source, from questionnaires and aerial surveys, to be interpolatedand processed by the most sophisticated, capable research techniques, including
use of statewide electronic data processing systems to store and calculate andproject resource measurements.
I strongly urge support of Senator Nelson's Bill as a new tool in a new age.

STATEMENT OF PROF. ROGER REVELLE, CHAIRMAN, U.S. NATIONAL ACADEMY OF
SCIENCES COMMITTEE FOR THE INTERNATIONAL BIOLOGICAL PROGRAM

Man is using his dominance of the earth to produce the most far reaching,
sudden and drastic upset of natural conditions the world has ever seen. During
his time on earth, man has changed nearly all the world's biotic communities in
ione way or another. He has altered beyond recognition much of the land surfacein temperate regions and in the drier part of the tropics. His modification of
his environment is continuing at an accelerating rate.
Man has shown that he can guide the evolution of communities of organisms

In ways which satisfy his esthetic sense and at the same time provide him with
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a stable source of natural resources, or alternatively he can destroy that which
is irreplaceable.

Reconstruction of biological resources, the development on a world-wide scale
of biotic communities which will have a maximum stability and usefulness to
mankind is a task that has been barely begun. It will require for its successful
completion all the knowledge of living organisms we can acquire.
The role of biologists is clear. We must supply the basic information needed

by the architects and planners of these new and more productive, man-directed
communities of organisms. Ecologists, conservationists, foresters, agriculturists,
and other specialists will require a great quantity of facts, now unknown, both
about the individual species that can form these communities and their actual
or potential relationships to each other.
The task is to explore the diversity of life. We must learn about the popula-

tion structure of individual species, the ways in which species interact with
each other in communities, and how both species and communities evolve. Such
knowledge is essential to make the world a better home for mankind.
To help obtain this essential knowledge, the International Biological Program

was initiated several years ago by the top international scientific body, the Inter-
national Council of Scientific Unions (ICSU). At the moment, about 48 coun-
tries are participating in the planning phase of the International Biological Pro-
gram. International cooperative research activities will begin in mid-1967 and
will last for at least five years.
The International Biological Program is focused on the parts of ecology that

deal with the productivity of living systems, and with human adaptability to
changing conditions. Its objectives were stated by the ICSU Planning Committee
as follows:
"As a consequence of the rapid rate of increase in the numbers and needs of

human populations of the world, and their impact on natural environments, there
is an urgent need for increased biological and related research on problems of
maintenance and change in natural and managed ecosystems, and in man's rela-
tions to these systems.
"It is therefore proposed that there be an international biological program in

environmental biology, on the biological basis of productivity and human welfare.
The general objectives of this IBP will be to stimulate and coordinate compara-
tive studies, in contrasting environments, of:

"1. Organic production, nutrient cycles, and system regulation on the
land, in fresh waters, and in the seas, so that adequate estimates may be
made of the potential yield and the stability of new as well as existing
resources, and,
"2. The adaptability of man as a component and manager of these

ecosystems."
Senate Bill #2282, the Ecological Research Bill, introduced by Senator Nelson,

provides for strengthening just those activities of the federal Government that
will be needed to carry out the objectives of the International Biological Program.
It will also initiate new activities, specifically designed to increase our under-
standing of man's relationship to his environment and to the world of other
living creatures. These new activities would enable us to cooperate more effec-
tively with scientists of other countries, particularly the developing countries, in
a world-wide scientific effort to understand, protect, and conserve the living re-
sources of the earth. This is, of course, what the International Biological Pro-
gram is all about. I, therefore, wish to endorse S. 2282 wholeheartedly and to
express the hope that it will be given favorable consideration by this Committee
and by the Congress.

STATEMENT OF THE DEFENDERS OF WILDLIFE, WASHINGTON, D.C.

The Defenders of Wildlife, a national non-profit educational organization with
headquarters in Washington, D.C. wholeheartedly supports the intent and the
provisions of S. 2282. In the course of this organization's efforts to represent the
wild animal in the affairs and debates of twentieth-century man, it has become
all too evident that the only way to preserve many species either from sudden
extinction or slow decline and disappearance is to protect the habitat in which
these species have developed and in which they live, or spend important parts of
their time. Some species which remain alive today have been spared only be-
cause governments, foundations, institutions, businesses, conservation groups,

•



•

144 ECOLOGICAL RESEARCH AND SURVEYS

and private citizens have set aside wilderness areas, wildlife refuges, parks,
forests and other types of land and water where a semblance of naturalness is
retained, and where the course of change is predictable.
Much of this preservation has been from the typically human point of view—

for the use, enjoyment, or advantage of man. More often than not the objective
of these efforts has been to save favorite game species such as antelope or water-
fowl, or to assure continuance to a particularly awe-inspiring species such as
bison, moose, whooping cranes, redwoods or organ-pipe cactus. While limited in
scope, these projects have been beneficial, and have often extended protection
to many species other than those of primary concern. However, there has been
nothing systematic about this approach, and undoubtedly the habitats of many
species have been destroyed and species exterminated through lack of knowledge
of their needs or even of their existence.
Today, we have reached the mid-point in the transition of our nation from

complete wilderness to the man-dominated landscape of more ancient nations.
At this point, if ever, action must be taken to provide for the orderly preservation
of our native plants and animals in so far as possible in legitimate natural com-
munities. This must be done not only because each species and each habitat is
unique by itself, being the product of time and chance and deserving of con-
tinued existence, but also for the selfish reason that each species and each en-
vironment contributes to man's knowledge and understanding of the earth which
is his own environment.
Perhaps it is not possible to prove that the way of the world, or the life of

man will be changed substantially if a rare bog orchid or an unusual fish in the
Colorado River are brought to extinction, but both man and nature will be the
poorer for this loss. Nevertheless, it should be apparent to anyone that if the
ancestor of corn had been exterminated by an aggressive pre-columbian race bent
on modifying the environment to suit itself, the entire earth would be modified.
Imagine the loss if the ancestor of the domestic cow had been hunted to death.
Imagine the consequences if the last honey bee were laid to rest among the fossil
remains of a race of insect-hating humans.

S. 2282 is one of the most advanced efforts of mankind. It is reassuring in its
purpose, foresight and its broad intentions. It may well be unique among the
civilizations of the world, both past and present. In an article, "Dying in the
Smog" which appeared in the summer issue of the Land magazine, 1950, Dr.
Alfred Etter, now a field representative for Defenders of Wildlife, commented
on the desolate conditions existing in the vicinity of Donora, Pennsylvania as
the result of man's misuse of the environment and destruction of the natural
scene. "It is a problem", he said, "which should precipitate the formation of a
wholly new organization in the research branch of government, an organization
whose function should be the study of ecologic principles and their application to
man and society for the encouragement of a full, natural, and productive existence.
Ultimately, such a service should achieve Departmental rank with representation
on the President's cabinet."

S. 2282 does not, of course, suggest the creation of a new department, nor does
that appear necessary at this time in view of the beginning strides being taken
within the Department of the Interior to apply ecological thought to the manage-
ment of Interior affairs. It is our belief, however, that this inclination needs to
be strongly encouraged, and propagated in all aspects of the Department of In-
terior's work, as well as in other departments. We feel that there is no better
way to do this at the present time than through the provisions of S. 2282. The
Department of Interior should not be merely a repository for pieces of property
which the nation administers. It should be a vital organization curious about the
nature of these lands, the life upon them, and the effects of government programs
on them. Nature is the stage upon which the play of "Interior Affairs" takes
place. We need to know all we can about it, and the only way to do this is to
preserve critical portions of it in an undisturbed state, to study and inventory it,
to describe it, and to tell the rest of the nation of its discoveries. The public
education aspects of the bill should not be neglected, and information developed as
part of this program should not be affected or altered in any way by the special
interests of any of the Bureaus of the Department. It will be of no benefit to
develop a program of study if there is not complete freedom of choice of subject
matter and of publication.
In conclusion, it is appropriate to quote from "The Importance of Natural

Places," an article by Dr. Etter: "When people grow ignorant of what is natural,
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then there is no obstacle to their growing unnatural themselves. Nature is the
basis of common sense, an important item in the future of a nation. I envision
the time when the natural areas being set aside now will become veritable shrines
to which people and science alike will appeal for truth and inspiration. Once
entrusted to protection these preserves will stand as visible evidence of Man's
conquest of himself, of his admission of his identity with all life, of his respect
for the creations of time, and of his ultimate dependence on nature."

STATEMENT OF GEORGE ALDERSON, WASHINGTON, D.C.

Mr. Chairman, my name is George Alderson, and my address is 105 Galveston
Place, SW., Washington, D.C. 20032. I appreciate the opportunity to testify on
the Ecological Research and Surveys bill, S. 2282.
The enactment of legislation providing for an expanded and coordinated pro-

gram of ecological research will be an excellent step toward maximal adaptation
of American civilization to its environment. With the aid of modern technology,
manipulation of the natural environment can result in a thoroughly efficient and
livable landscape, but without an adequate understanding of the biological rela-
tionships in the environment, an otherwise elegant plan can prove to be sheer
folly.
In range management, the field of my graduate training, the results of ecologi-

cal research have been the keystone of modern management techniques. To cite
a simple-minded example: the concept of "carrying capacity" which figured in
early range management has fortunately been outmoded. In the early days, car-
rying capacity was regarded as the fixed number of animal-unit-months which
a given land unit would support. More recently the development of techniques
such as the rest-rotation and deferred-rotation grazing systems, taking advan-
tage of natural ecological characteristics of the forage plants, has shown that
the productivity of a given land area is highly variable. Now range managers
think more in terms of a variable "stocking rate."
Important gains have been made, but we have far to go before range manage-

ment is entirely based on ecology; much of the modern range technician's work
is based on his own guessing. L. A. Stoddart, who has long been a leader in the
profession, argues that range management is still "more of an art than a sci-
ence."
The major problem is that most range research has been directed at current

needs, rather than at long-range goals. We have been looking for ways to avoid
cutting back on allotments, we have been trying to cope with cheatgrass and
sagebrush, because these, and concerns like these, were the pressing needs. In
the rush to solve these contemporary problems, the opportunities in basic re-
search which will lead to new and more efficient range management have gone
unexploited. Opportunities to fit grazing into satisfactory management plans
with other important land uses, such as recreation, water and wildlife produc-
tion, have not been realized.
Modern pressures, Mr. Chairman, have made land management a matter of

national concern in a way it never was before. In this context, efficient use of
natural resources should be sought with new vigor. The results of ecological re-
search as contemplated in the legislation which is before you will contribute to
the development of sound concepts of land management which will more ade-
quately provide for the diverse needs of the American people.

NORTHWEST PUBLIC POWER ASSOCIATION,
Vancouver, 'Wash., April 18, 1966.

Re Ecological Studies S. 2282 (H.R. 9955).
Hon. HENRY M. JACKSON,
Chairman, Interior and Insular Affairs Committee, Senate Office Building,

Washington, D.C.
DEAR SENATOR JACKSON: Although the Northwest Public Power Association

has no specific resolution on S. 2282 to authorize ecological studies, we find it
necessary to testify in opposition to this bill unless it is substantially amended.

65-624-66 11
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TITLE MISLEADING

Although the title refers to this as authorizing studies and research, section
2(9) and section 3 authorize on a blank check basis, the withdrawal by the Sec-
retary of Interior of any federal lands and acquisition of private lands and the
prohibition of nonconforming uses.

Since we will discuss the Rampart Dam Case later in our testimony, we sub-
mit that this bill authorizes the Secretary of Interior to reserve or withdraw
some federal land or all the federal land in the Rampart Dam reservoir and by
this bill prohibit construction of a water resources project.

BLANK CHECK LEGISLATION

Where a power reservation exists under the Federal Power Act, S. 2282 raises
the question and places a cloud over all such power reservations. Presumably
an ecological reservation would be a paramount purpose which overrides and
precludes all other uses. It is a blank check not subject to study, review or ap-
proval by Congress.
This would apply under section 2(9) to federal lands but under section 3 a

private owner of land in a proposed reservoir area could sell or donate some land
as an ecological reservation, and if the Secretary approves, then the private
owner would have succeeded in stopping the building of a road or dam or other
public works improvement.

RECOMMENDATION

We respectfully urge that section 2(9) and section 3 be removed from the bill.
We oppose a blank check in the hands of any Secretary of the Interior to

reserve or withdraw federal lands or acquire nonfederal lands so as to preclude
improvements, dams and roads.
We do not oppose studies which might result in recommendations to Congress

that a specific area be established as an ecological reservation, and we would not
oppose a blank check authorization of such an ecological reservation within a
National Park.

BIAS OF "UNDISTURBED"

When Senator Gaylor Nelson introduced S. 2282 on July 13, 1965, he quoted
Paul B. Sears to show that the purpose of the bill was to reserve areas as "un-
disturbed natural communities."
The literature of the Conservation Foundation also emphasizes the goal of

"undisturbed."
We do not object to an undisturbed natural community within existing Na-

tional Parks. We oppose any blank check for creating any other ecological
reservations except upon a specific report to Congress and authorization of the
ecological reservation by Congress.

WEAK ON ENHANCEMENT

Only once and in an off-hand manner does the bill suggest that the ecology
might be enhanced.

Section 1 mentions enhancement once, and apparently in passing.
We know from experience that irrigation disrupts the desert life, what life

there is, and makes the desert bloom. We know that ducks flourish in the Co-
lumbia Basin Project. We know that dozens and hundreds of reservoir projects
create new ecological systems and values.

This bill has too much of a negative, "don't-disturb-nature" attitude. We think
the bill should positively and strongly seek and authorize research to create such
new values and encourage necessary disruption of an old ecological system for
the purpose of creating a better ecological system.

DOUBLE CONSERVATION

We are conservationists in the double sense of both preservation and use.
Wherever possible we favor optimum development for the greatest good of the
largest number of people forever.
We cannot favor preserving a minor ecological system as an argument for

preventing the creation of a better ecosystem for man.
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MAN NEGLECTED

The world is an ecosystem for man. We think man comes first and certainly
man wishes fauna and flora, recreation, scenery, fish and wildlife, high quality
air and water. Our fear in this bill is that the muskrat will become an end in
itself.

THE RAMPART STUDY

A portent and ill omen of things to come if this bill is approved is the November
1, 1965 document of 27 pages, typewritten double-spaced, entitled, "A Report to
the Secretary of the Interior by the Rampart Canyon Dam and Reservoir Project
Committee," issued by the Division of Biology and Agriculture, National Academy
of Sciences—National Research Council.
I regard this report as prejudiced, incompetent, undocumented, unsubstan-

tiated, irresponsible, inappropriate, unauthorized and uncalled for.
The report in turn purports to evaluate a report prepared by the U.S. Fish and

Wildlife Service which is equally untested and subject to challenge.
It is possible, let us suppose, that on 'balance, the Rampart Dam should not be

built. Our quarrel with the Secretary of the Interior is his determined effort to
prevent the Corps of Engineers from submitting a project report.
If Congress decides not to approve Rampart, we will at least know that the

evidence has been weighed. We object to an a priori veto by the Secretary of the
Interior via the U.S. Fish and Wildlife Service.
Our problem with the U.S. Fish and Wildlife Service report is that the Service

is opposed in advance and they insist on using federal appropriations for issuing
vast quantities of propaganda for the purpose of preventing a balanced, syste-
matic, logical presentation of the facts.

ECOLOGICAL VETO

Every proposed public works disturbs something. The pros and cons need to
be analyzed and weighed.
We merely object to being hung before we know what accusation is being made.

NO OBJECTION TO STUDIES

Every kindergarten library is saturated with books about our feathered friends
and Bobby Muskrat. The American public is friendly and we are friendly
toward improving our environment.
We like to hear the singbird and enjoy the mountain silence.
We also appreciate a difference in relative needs between the populated East

and the vast open spaces of the West and Alaska.
We in the West want to avoid' the mistakes of the East but it takes different

ground rules for achieving a proper balance between the conservation of use and
the conservation of preservation.
For these reasons in part we oppose S. 2282 as written.
We would wish to endorse S. 2282 in principle for broad studies which include

improving or replacing the existing ecology. We favor amendment of the bill
by striking, or limiting to National Parks, the provisions of section 2(9) and
section 3.
We also urge that the legislative history make clear that Congress will reserve

to itself the authority to establish any ecological reservations.
Sincerely,

Gus NORWOOD,
Emecutive Secretary.

NATIONAL WILDLIFE FEDERATION,
Washington, D.C., April 22, 1966.

Hon. HENRY M. JACKSON,
Chairman, Senate Committee on Interior and Insular Affairs, New Senate Of/Ice

Building, Washington, D.C.
DEAR MR. CHAIRMAN: The National Wildlife Federation appreciates the invita-

tion and opportunity of commenting upon S. 2282, authorizing the Secretary of
the Interior "to conduct a program of research, study and surveys, documenta-
tion, and description of the natural environmental systems of the United States
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for the purpose of understanding and evaluating the condition of these systems
and to provide information to those concerned with natural resources manage-
ment, and for other purposes." I should be pleased if this letter can be made a
part of the record of the current hearings.
By way of identification, the National Wildlife Federation is a private orga-

nization which seeks to attain conservation goals through educational means.
Affiliates of the National Wildlife Federation are located in 49 states. These

affiliates are made up of local groups and individuals who, when combined with
associate members and other supporters of the National Wildlife Federation,
number an estimated 2,000,000 persons.
The National Wildlife Federation supports the principles expressed in S. 2282,

believing the added research it would authorize is both desirable and necessary.
Our organization long has been concerned with the interrelationships between

man and his environment, which is one definition of the relatively new science
of ecology. Wildlife, including fish and shellfish and amphibians, are dependent
upon their respective habitats. Man, to successfully manage wildlife in the
public interest, has to be concerned with many and varied problems. Contami-
nation of the environment, by water and air pollution and chemical pesticides,

has a profound effect upon wildlife. The construction of roads, airports, and
residential and industrial areas competes with habitat for wildlife. The drain-
ing and filling of marshes and wetlands, the application of soil and water man-

agement techniques, and even modification of the weather are other factors
which influence wildlife and are of high interest to us and other wide segments

of the American public. While there has been much research along lines of
specific interests, relatively little has been directed toward the interrelationships.

In summary, Mr. Chairman, we believe the program authorized by S. 2282 is

needed and we hope the Committee sees fit to act favorably upon it.
Sincerely,

THOMAS L. KIMBALL,
Executive Director.

SPORT FISHING INSTITUTE,
Washington, D.C., July 15, 1966.

Hon. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs,
U.S. Senate, Washington, D.C.

DEAR SENATOR JACKSON: I understand that your committee heard S. 2282,

a bill "To authorize the Secretary of Interior to conduct a program of research,
study and surveys, documentation, and description of the natural environmental
systems of the United States" on April 27, 1966. Unfortunately, we did not
learn of this until several months subsequent to this, and are therefore a bit
tardy in presenting the views of Sport Fishing Institute on this bill. I have
checked with your Interior Committee and they tell me that the record is just
now being printed, but that if I get this letter in within the next day or so
there is a good chance that it still can be included in the testimony on S. 2282.
As you know, we in fisheries are vitally concerned with the aquatic resources

of America and feel very strongly that there should be a broad authority to
include ecological studies of such resources even though there is no defined
project involving such resources. In other words, we would favor the authori-
zation granted by this legislation to give us basic research data on subjects
that might not be covered by mission-oriented studies. This would enlarge our
"library" of knowledge so that there is an improved capability for furnishing
public and private agencies, upon request, an "educated guess" as to the con-
sequences of a proposed large-scale construction project, resource management
activity, or other environment alterations that are of sufficient magnitude to
affect this particular living organism by causing a change in its ecology. If
this knowledge is available to the altering agency at the outset of a proposed
program there will be less danger through interference of the ecological system
which might completely destroy a particular natural resource.
"A program of ecological research would be of material assistance in advanc-

ing our Nation's efforts in the challenging task of reversing the trend of de-
terioration of our environment, and in elucidating scientifically the conditions
on which successful and satisfying human existence on this earth must be
predicated." These are the stated feelings of the Department of Interior and
Sport Fishing Institute agrees. We would like to be included as favoring this
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type of research now, while there is still some time available before the re-
source might become an item on our endangered species list.
We would appreciate inclusion of these brief remarks in your record of hear-

ings as favoring passage of S. 2282.
Thank you.

Sincerely,
PHILIP A. DOUGLAS,

Executive Secretary.

THE IZAAK WALTON LEAGUE OF AMERICA, INC.,
Washington, D.C., April 28, 1966.

Hon. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs,
U.S. Senate, Washington, D.C.
DEAR MR. CHAIRMAN: The Izaak Walton League of America supports enact-

ment of S. 2282, to authorize a program of ecological surveys and research.
We feel the justification for such a program is obvious—no matter how great

or how many our technological achievements, the simple fact is that the people
of this Nation are part of a complex ecological system. We are changing that
system, have the power to change it further, and ought to know the potential
results of such change. At present, however, our knowledge of ecological matters
is alarmingly limited.
To document the need for accelerated ecological study, we simply refer to the

November 1965 report of the Environmental Pollution Panel of the President's
Science Advisory Committee. Indeed, that report—compiled by authorities whose
credentials are impeccable—suggests that S. 2282 might not go far enough. We
refer, for example, to categories "C" and "F" of the Environmental Pollution
Panel recommendations which indicate that the many environmental programs
of various Federal agencies ought to be far better coordinated than at present.
This suggests to us an "operations center" at Cabinet level. The Secretary of
the Interior would seem the obvious choice—yet, Section 6 of S. 2282 would
strictly limit his authority.
Mr. Chairman, the Izaak Walton League hopes the 89th Congress will enact

an ecological research law.
Respectfully,

ROBERT T. DENNIS,
Assistant Conservation Director, IW LA.

THE IZAAK WALTON LEAGUE OF AMERICA, INC.,
INDIANA DIVISION,

April 2, 1966.
Hon. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs,
Senate Office Building, Washington, D.C.
DEAR SENATOR JACKSON: It is our understanding that hearings have been

scheduled on or about April 21, for the Ecological Research and Surveys Bill,
S. 2282, by Senator Nelson.
Attached to this letter is a copy of a resolution adopted unanimously by the

Board of Directors of the Indiana Division of the Izaak Walton League March
13, and we request that both the resolution and this letter be printed in the
Record of that hearing.

S. 2282 is a landmark bill in our opinion, giving definitive articulation to a
principle not fully identified in any existing statutes. It is true that many of
our Administrative bodies are interested in ecological surveys, and are turning
increasing attention toward the cataloguing of highly significant natural areas.
Some of these principles are intended in the Wilderness Act, certainly the Na-
tional Parks Act, and by many recent indications from the Bureau of Land
Management.
But there is no comprehensive policy that we know of which creates so im-

portant a base for scientific and educational evaluation of undisturbed areas as
the present Nelson bill. We are encouraged in this bill that recognition is given
to private groups and competent individuals as potential participants in the
conduct of ecological studies. We believe that such a measure as this will also
have far-reaching secondary impact, and will do much to call attention to basic
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ethical principles, and will broaden interest beyond sophisticated specialists
right into the fabric of the lay society itself. That concept is very strongly
supported by the League and specifically by its Indiana Division.
We greatly hope that this measure may be reported and move through Con-

gress at the best pace possible. Thank you.
Sincerely yours,

THOMAS E. DUSTIN, President.

RESOLUTION OF THE INDIANA DIVISION—THE IZAAK WALTON LEAGUE OF
AMERICA, INC.

ECOLOGICAL RESEARCH AND SURVEYS

Whereas, it is in the public interest that maximum knowledge of the com-
munities of nature be developed, assembled and understood for all possible areas;
and,
Whereas, this knowledge is necessary if the highest uses and dedication for

various areas of the outdoor domain are to be recognized and achieved;
Whereas, many areas of the nation and throughout the world are rapidly be-

ing diverted to other purposes and are being lost before their highest values can
be understood based upon competent scientific investigation; and,
Whereas, measures now before the Congress of the United States would estab-

lish as public policy the need for and implementation of detailed studies of all
possible areas, and would provide for not only Federal studies but also coopera-
tive programs with states, local governments, private groups and competent in-
dividuals, assuring the widest and most rapid accumulation of vital data on
natural communities; now, therefore,
Be it resolved, by the Board of Directors of the Indiana Division, Izaak Wal-

ton League of America, Inc., assembled at Michigan City, Indiana, this 13th day
of March, 1966, that the principles of the Ecological Research and Surveys Bill,
S. 2282, are are hereby endorsed, and passage of the measure by the Congress
is urged at the earliest date possible.
( Adopted unanimously.)

THE NATIONAL CONFERENCE ON STATE PARKS,
Washington, D.C., April 26, 1966.

Senator HENRY M. JACKSON,
Chairman, Interior and Insular Affairs Committee, Old Senate Office Building,

Washington, D.C.
DEAR SENATOR JACKSON: At its Board of Directors meeting in Washington,

D.C. on March 18, 1966 the National Conference on State Parks expressed its
interest in the passage of S. 2282 introduced by Senator Gaylord Nelson which
would provided for ecological research and surveys of natural resources.
It appears to us that the purposes of this bill are highly meritorious and the

results of such surveys would provide a considerable expanded body of knowledge
most useful in identifying and planning for the protection and conservation of
park and recreation areas in the United States.

Sincerely yours,
DONALD B. ALEXANDER,

Executive Secretary.

THE AMERICAN NATURE STUDY SOCIETY,
Harborside, Maine.

CHAIRMAN,
Committee on Interior and Insular Affairs,
U.S. Senate, Washington, D.C.
DEAR SIB: In a remote part of Maine, I find it difficult to keep track of national

legislation but wish to express great interest in S. 2282, a bill to authorize a
program of research of natural environmental systems, introduced by Mr. Nelson
et al. on July 12 and referred to your committee.
I urge you to give strong support to this bill.
Our well-intentioned nation has so often been ecologically insensitive in both

its domestic land and water policies and in its foreign policy also that it is high
time that our Secretary of The Interior be given the powers of fact-finding called
for in this enlightened bill.
Our federal agencies dealing with natural resources have of necessity in the

earlier days of our nation been so involved with the rather short-term economics
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of use that they have not done the job which should have been done in assessing
the subtle natural systems by which our continent and all the activity thereon
hang together.
As a trained ecologist for more than 25 years and as an educator whose daily

job confronts the resource ignorance of a vast population, I am encouraged by
the astuteness of the legislators who have proposed this bill, S. 2282, and hope
that your Committee can soon take positive action thereon.

Sincerely yours,
Dr. JOHN W. BRAINERD,

Department of Biology, Springfield College.
SPRINGFIELD, MASS.

SIERRA CLUB,
San Francisco, December 29, 1965.

Senator HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs, Senate Office Building,

Washington, D.C.
DEAR SENATOR JACKSON: I am pleased to be able to report that the Board of

Directors of the Sierra Club adopted the statement of policy that follows at their
most recent meeting in Los Angeles on December 11, 1965.
The Sierra Club endorses the principles embodied in the Ecological Research

and Surveys Bill ( S. 2282—Nelson).
As you may know, the Sierra Club is a national conservation organization of

35,000 members with chapters now in much of the country.
I hope that you will be able to take appropriate action in accordance with this

statement of policy.
Sincerely,

MICHAEL MCCLOSKEY,
Conservation Director.

THE GARDEN CLUB OF AMERICA,
New York, N.Y., April 20, 1966.

Mr. Chairman and Members of the Committee:
The Conservation Committee of the Garden Club of America herewith records

its approval of S. 2282, the Ecological Research and Surveys Bill. The Garden
Club of America is a national organization with member clubs from coast to coast
and in Hawaii.
It is reassuring to us that a long last national legislation has been introduced

in Congress to conduct a program of research, study, documentation and descrip-
tion of the natural environmental systems of the United States.
The growing technological age necessitates a thorough evaluation of our

environment, and man's influence on it. The pollution of the three elements of
our total environment, namely, air, water and soil is of serious concern to us
as individuals, and members of an organization dedicated to the preservation
of our natural resources. The population explosion will increase our demands on
these natural resources. A better understanding of ecology is vital for the
future of our great country.
I appreciate the opportunity to state the approval of this constructive legisla-

tion on behalf of the Conservation Committee of The Garden Club of America.
Respectfully submitted.

LoUISE H. McKEoN,
Mrs. Daniel M. McKeon,

Chairman, Conservation Committee.

COMMUNITY RESEARCH AND DEVELOPMENT, INC.,
Baltimore, Md., April 26, 1966.

Hon. GAYLORD NELSON,
Old Senate Office Building,
Washington, D.C.
DEAR SENATOR NELSON: After reading the Ecological Research and Surveys

bill proposed by you, I am pleased to say that I am in complete support of the
bill and its purposes.
We are building a new city midway between Washington and Baltimore. In

order to do this, we acquired 15,000 acres of Maryland farmland. It has been one
of our goals to respect and dignify the land in the course of planning and develop-

A
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ment and thus to enhance the enrichment of the new city. In order to reach our
goals, one of the first consultants to whom we turned was Dr. Paul Sears, quoted
in the introduction to the the bill. We have provided for the preservation of the
stream valleys; the building of five lakes; the proper forestation of natural
wooded areas, and the building of parks and bridle paths.

All of this has been done at great expense and often, unfortunately, with in-
sufficient information regarding the ecological conditions which would be affected.
It would be wonderful, for example, to have really substantial knowledge as to
the role of water in the environment. The process of building the many lakes
which we propose in Columbia is a difficult and tedious one. We are confident
that the creation of lakes is a worthwhile effort; but because of the lack of
general knowledge as to their broader values to the environment, we seem to
have few allies in the process. The same general problem pervades the entire
city-building process. It is hard to quantify or evaluate specifically the worth
of the various elements of natural amenity we seek to preserve.
I regret that my schedule will not permit me to testify on behalf of the bill.

My testimony could only elaborate on these general remarks. We have no real
expertise on this subject within our staff. No doubt you know about Ian
McHarg, Professor at the University of Pennsylvania, School of Landscape
Architecture. I would recommend him as a witness since he has long pioneered
the need for ecological concern and research in our changing environment.
Thank you for considering us in relation to this bill. We hope that we can be

more helpful in the future.
Sincerely,

JAMES W. ROUSE.

MATANUSKA ELECTRIC ASSOCIATION INC.,
Palmer, Alaska, May 2, 1966.

Hon. ERNEST GRUENING,
U.S. Senate, Wash,ington, D.C.
DEAR SENATOR GRUENING : I have been instructed by the Board of Directors to

indicate to you the concern of the Association regarding Senate Bill 2282, relating
to ecological studies in Federal reserve areas. The particular objection raised
by Mr. Gus Norwood, Executive 'Secretary, Northwest Public Power Association,
is that section 2(9) of the bill provides for an ecological reservation within other
reservations, as for instance power reserves. In addition, section 3 would ap-
parently allow a private individual who might own land within such a reserve
through prior right, or in a reservoir area, might dedicate or sell some land as
an ecological reservation, and thus effectively stop other development such as
roads or dams or other public works improvement.
Mr. Norwood makes the very cogent point, which you have often voiced, that

it is necessary and desirable in many cases to preserve existing ecological sys-
tems favoring the growth and perpetuation of wildlife. However, it is hardly
logical to preserve a minor ecological system which aids in preventing develop-
ment of a better system for man.
The Board fears, as does Mr. Norwood, that the bill, as written, might provide

the vehicle by which a narrowly conservation minded Secretary of the Interior
could easily preclude development of such projects as the Rampart Dam. We
have already in Alaska felt the full weight of the conservationists about the
country who would reserve Alaska to the moose and the muskrat, largely without
ever having visited our state and observed the thousands of square miles of virgin
area, and the relatively minute inroads made upon this great mass by man and his
works. I have felt that the most vehement of these prophets of doom for the
wildlife should be deposited in the middle of the Yukon Flats, or in the great
swamps between the Kuskokwim and the Yukon, preferably in the height of the
mosquito season.
Your efforts to modify this bill, to retain the good and root out the evil, will

be appreciated. Copies of this letter will be sent to the other members of our
fine delegation, for their information. We were apprised of the bill through a
copy of a letter from Mr. Norwood to Senator Henry M. Jackson. I am certain
that Mr. Norwood would be happy to send you a copy of his letter, which is, as
always, well thought out and complete.

Sincerely yours,
MASON LAZELLE, General Manager.
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BURNS CLINIC,
DEPARTMENT OF OPHTHALMOLOGY,

Petoskey, Mich., March 28, 1966.
Hon. PHILIP A. HART,
U.S. Senate, Washington, D.C.
DEAR SENATOR HART: This note is in support of S. 2282 introduced by Senator

Nelson, and cosponsored by yourself. The opening statement of the bill is an
eloquent appraisal of the need for such legislation. It is gratifying to see popu-
lation pressures recognized as one of the factors contributing to the loss of natural
areas. Indeed, the population problem is at the root of many of the dilemmas we
face today.
On page 5, line 1, it is good to see the scientific purposes of a natural area sys-

tem spelled out, to distinguish It from recreational purposes. On line 11, page 5,
I assume the "interests" could include an easement for conservation purposes.
This device has certainly worked well in isolated instances on the local and state
level. On line 16, page 5, it is good to see that manipulation is necessary to some
natural areas.
I hope for speedy consideration of this excellent bill by the Interior and

Insular Affairs Committee.
Sincerely yours,

JOHN H. TANTON, M.D.

UNIVERSITY OF WASHINGTON,
Seattle, Wash., April 7, 1966.

Senator HENRY M. JACKSON,
Chairman, Interior and Insular Affairs, U.S. Senate. Washington, D.C.
DEAR SENATOR JACKSON: I appreciate your calling to my attention the forth-

coming hearing on Senate Bill 2282, the Ecological Study proposal. Unfortu-
nately, I am unable to attend in person but would like to present in writing my,
views on this commendable piece of legislation.

First of all, I would offer my whole-hearted support of the Bill as it, to my
mind, represents a meritorious example of the concern by Congress for scientific
approaches to preservation of ecological systems.
My interests in the proposed legislation ( S-2282) are both personal and pro-

fessional. I am a field botanist on the staff of the Department of Botany, Uni-
versity of Washington, and am doing work in ecology of the coniferous forest
ecosystems in the Pacific Northwest. As a professional ecologist I have become
interested in a number of efforts in our region to preserve bits of specific biota
under the aegis of several organizations. Therefore, I have become affiliated
with North Cascades Conservation Council (Board member) and the Washing-
ton Chapter of Nature Conservancy (a Trustee).

Senate Bill 2282 is commendable for a number of reasons. First, it concen-
trates its impact on the preservation of individual species of the biota as well
as the preservation of samples of entire ecosystems. Secondly, it encourages—
in fact, stipulates—that research be conducted on proper management of natural
areas. It is in this province of activity that much is needed for even our existing
wilderness and other natural areas. How to preserve the status quo in a
changing ecosystem introduces a whole complex of problems that need the
help of ecologists. Support through Federal Legislation would be very welcome
here. The Bill's acknowledgment that some natural areas should be set aside
for scientific study is also meritorious. I am sure that within the community
of biological scientists interested in the realm of ecology it would be possible
to find considerable aid from those who would utilize financial support for re-
search specified under this Bill. Various biological societies, especially the
Ecological Society, certainly offer a reservoir of personnel for such work. Lastly,
the wise suggestion that there be free inter-agency cooperation in conducting
ecological studies is noteworthy and commendable.
Thus, I whole-heartedly and unreservedly support Senate Bill 2282.

Sincerely yours,
ARTHUR R. KRUCKERERG,

Professor, Department of Botany.
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INDIANA UNIVERSITY,
DEPARTMENT OF GOVERNMENT,

Bloomington, Ind., April 23, 1966.
Senator HENRY M. JACKSON,
Chairman, Senate Interior Committee, New Senate °Ince Building, The Capitol,

Washington, D.C.
MY DEAR SENATOR: I regret that it has proved impossible for me to testify in

person in Washington on behalf of Senate Bill 2282 (the Ecological Survey and
Research Bill) submitted for consideration by Senator Gaylord Nelson. How-
ever, I do wish to submit this written statement and accompanying documents
in support of the bill, and to urge that it receive prompt and favorable action
by your committee.
I am Professor of Government at Indiana University and have directed the

major part of my professional work to study of the impact of science and tech-
nology on contemporary society. It is my considered judgment that S2282 is
possibly the most significant legislative proposal to come before a Congressional
Committee in this Congress. Certainly it is among the most important. This
bill provides for the better organization and reinforcement of research on con-
ditions of our natural environment. The knowledge derived from this re-
search is essential to wise policy decisions by the Congress and the Executive
branch. The life-sustaining capacity of our natural environment is the founda-
tion upon which the health, security and prosperity of the American people
ultimately must rest. To argue that we cannot or should not afford to make
this investment in our national future would be comparable to arguing that a
man could not afford to have physical examinations or to carry insurance. Our
neglect of research into the environmental basis of our national welfare has
already cost us dearly in the heavy accrued liabilities for air and water pollu-
tion, abuse of pesticides, misuse of land and destruction of irreplaceable assets
of climate, scenery and wildlife.
It would be a reproach to the good sense and foresight of the American

people if, in our concern for national security and world peace, we defeat our
own efforts toward these goals by neglecting the physical and biological basis
of our national strength. The forces which science and technology have placed
in our hands now require us to take necessary measures to make their use as
wise as possible. S2282 provides a means toward realization of this objective.
It facilitates the mobilization and enlargement of the informational resources
of this nation without which we cannot hone to achieve effective control over
our future.
I therefore respectfully request that this statement and the two accompanying

documents:
Environment—"A New Focus for Public Policy" Public Administration

Review XXIII (September, 1963) and
"Public Policies in Environmental Values—Toward a Sounder Basis for

Decisions" Bulletin of the International Union for the Protection of Nature
and Natural Resources. (April—June, 1964)
be entered into the record of committee hearings on S2282.

Very sincerely,
LYNTON K. CALDWELL,
Professor of Government.

(The two documents mentioned are incorporated in the record by reference.)

OBERLIN COLLEGE,
DEPARTMENT OF BIOLOGY,

Oberlin, Ohio, September 8, 1965.
Hon. HENRY M. JACKSON,
U.S. Senate, Washington, D.C.
DEAR MR. JACKSON: I wish to express support for the ecological research and

surveys bill (S. 2282) which is before the Committee on Interior and Insular
Affairs.
The provisions of this bill, as I read them in the Congressional Record, July 13,

1965, No. 126, are ample and sound. They should provide the means and access
to basic ecological information which is requisite to an intelligent application
to man's ecological problems.

9
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As an ecologist, educator, and human being, I perceive many of man's immedi-
ate and long-range living problems to be basically ecological in nature. The
types of studies suggested in the bill can not be initiated too soon.
I respectfully request this letter be made part of the record of the Committee.

Very truly yours,
EDWARD J. KORMONDY,

Associate Professor of Biology.

UNIVERSITY OF HAWAII,
Honolulu, Hawaii, May 4, 1966.

Senator HENRY M. JACKSON,
Chairman, U.S. Senate Interior Committee, New Senate Office Building, Wash-

ington, D.C.
DEAR SENATOR JACKSON: It is with great joy and appreciation for the insight

of your committee that I heard of the proposed Bill 2282 aimed at establishing
an Office of Ecological Research and Surveys.
In a time when the pressures and demands on the use of our natural resources

are increasing in geometrical proportions, it becomes a real necessity that we do
learn as much as we can about the potential of the land. This is so necessary
as we must find the management methods and uses for the land that ensures
the highest sustained yield, for agricultural purposes, forestry, or multiple use
and research. For the latter, we need to preserve representative natural areas
that can be used as "controls" against the effects of management (good or bad
in the long run) and pollution.
In order to understand how to manipulate the land for its best use, we must

survey our resources from an ecological viewpoint and derive at scientifically
and practically useful regional classifications of our major ecosystems.
The scope of such an Office of Ecological Research and Surveys should go

beyond the national level. It is particularly in this area of deriving a knowledge
and appreciation of the land resources that we can make a lasting contribution
on the international level.

It has by now become apparent that the best form of help we can extend to
developing nations is in the area of education. The message of the role and
responsibility of man in relation to his ecosystems is a vital part of education.
With this, I wish to lend my whole-hearted support for your intellectually

sound and morally responsible step in introducing this bill.
Cordially,

Senator HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs,
U.S. Senate, Washington, D.C.
DEAR SENATOR JACKSON: I wish to recommend immediate favorable action by

your committee concerning Senator Nelson's Ecological Research and Surveys
Bill. This nation is faced with an ecological crisis which will become worse very
soon. It is in the best interest of this nation to have a strong ecological research
program in order to further our understanding of the complex environment in
which we live.

Ecological research is urgently needed by this nation. I urge favorable action
on Senator Nelson's bill.

Sincerely yours,

DIETER MUELLER-DOMBOIS,
Assistant Professor of Botany.

Senator HENRY M. JACKSON,
Cha/irma/n, Committee on Interior and Insular Affairs,
U.S. Senate, Washington, D.C.
MY DEAR SENATOR JACKSON: It is my understanding that a hearing is to be

held on Wednesday, April 27, in connection with Senator Nelson's Ecological
Research and Surveys Bill. This Bill was discussed at the Tenth Conference of

MISSOURI BOTANICAL GARDEN,
St. Louis, Mo., April 25, 1966.

DAVID M. GATES, Director.

BERNICE P. BISHOP MUSEUM,
Honolulu, Hawaii, April 25, 1966.
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Directors of Systematic Collections which met at Bishop Museum on March 28
through 30, at which the heads of the major natural history museums and botan-
ical gardens in the United States and Canada were present. I have had an op-
portunity to read the Congressional Record, Senate, July 13, 1965, and urge the
passage of this Bill. The study of ecology, while not new, has burgeoned in re-
cent time. There is a great deal of work which needs to be done and time is of
the essence. Museums can play a vital role in the development of this program
should the Bill be passed. For these and many other reasons, I offer my whole-
hearted support of this legislation.

Sincerely yours,

Hon. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs,
U.S. Senate,
Washington, D.C.
DEAR MR. CHAIRMAN: At the request of Mr. Richard Falknor of your Com-

mittee staff, I am enclosing a copy of my February 1966 article entitled "Needed
Research for Population Policy" for inclusion in your Committee's Record of
Hearing on S. 2282, the Ecological Research and Surveys Bill.
The topics discussed in my article relate to the policy concerns underlying

S. 2282.
My own experience on the professional staff of the Congress leads me to be-

lieve that the issues I discussed will be of particular interest to your Commit-
tee in its continuing study of the implications of current and anticipated en-
vironmental changes.

Yours faithfully,

ROLAND W. FORCE, Director.

WASHINGTON, D.C., July 1, 1966.

Dr. ROBERT W. LAMSON.

NEEDED RESEARCH FOR POPULATION POLICY

The author is a Sociologist and Research Analyst in the Postattack
Research Division of the Office of Civil Defense. This article repre-
sents his views, and not those of the Office of Civil Defense or the
Department of the Army.

By Robert Lamson

In his State of the Union Message before Congress on January 4, 1965, Presi-
dent Johnson said:
"I will seek new ways to use our knowledge to help deal with the ex-

plosion in world population and the growing scarcity in world resources" ;1
and in his State of the Union Message on January 12, 1966, he proposed: "to
help countries trying to control population growth by increasing our research."'
The President's statements contain implications which are new for United

States government officials who are attempting to solve problems, define goals,
and pursue programs in such areas as national security, resources, and welfare.
In the past, the United States Government has used knowledge to solve prob-

lems within the conditions set by such factors as population size and growth
rates, geography, and climate. And although government officials have at-
tempted to modify some of these conditions through programs such as flood con-
trol and research in cloud seeding, they have tended to treat population size
and growth rates as fundamental conditions or facts of nature which •they
must take into account in their planning, but which, in themselves, are not
subject to conscious choice, change and control.
What is new in the President's 1965 statement is that, for the first time in

United States' history, a President, in a State of the Union 'message, has re-
ferred to the "explosion in world population" as an object for the application
of human knowledge rather than as merely a condition to which government
planning and action must adjust in order to achieve national goals. Both
statements indicate that population size and growth rates now tend to be viewed,

1 Message from the President of the United States Transmitting the State of the Union
Message (House of Representatives, Document No. 1, 89th Congress, 1st Session, 1965),
p.4.
2 Message from the President of the United States Transmitting the State of the Union

Message (House of Representatives, Document No. 321, 89th Congress, 2d Session, 1966).
p.7.
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at the highest levels of government, as objects which can and should be altered
through the application of human knowledge.
This new fact raises a series of questions:

1. What is the relation of the "population explosion," that is, of rapid
population growth rates, to such problems as national security, resources,
and welfare?

2. If, as the President's Messages indicate, we are to use our knowledge to
help deal with the explosion in world population, what is the range of pos-
sible and desirable goals, means and programs for using our knowledge to
deal with this problem, domestically and internationally?
3. What is the relation of these goals to current national problems in such

fields as national security, resources and welfare?
The asking of these questions reveals our lack of knowledge as well as our

need for systematic study and analysis of the goals, means and problems involved
in using "our knowledge to help deal with the explosion in world population and
the growing scarcity in world resources" and in acting "to help countries trying
to control population growth by increasing our research."
However, some tentative answers and suggestions may be offered with respect

to: 1. the relation of explosive population growth to problems of national security,
resources and welfare; 2. the range of goals and means for using our knowledge
to help deal with the explosion in world population; 3. types of research needed
to help answer these questions and to implement the President's statements of
purpose.

1. Population Growth and Problems of National Security, Resources and Welfare
National Security: In the area of strategic defense, planning and programs for

the protection of the population are based on assumptions about population size,
growth rates, composition and distribution—basic elements involved in planning
nationwide requirements for protection against nuclear attack. Planning for
military manpower is based on similar assumptions.
Insofar as population size, composition and growth are factors in national

power and military capacity, these elements also enter into the calculus of United
States' power and capability with respect to other nations. Population growth
rates are also crucial factors which affect the success of our programs to promote
economic growth and political autonomy and stability in underdeveloped areas.
Rapid population growth rates have made economic growth and political stability
increasingly difficult to maintain in some parts of the world, thereby adding to
the need for programs and forces to help maintain internal order and to defend
against guerrilla warfare.

Resources: With respect to problems of domestic and world resources, popula-
tion size, and growth rates affect the ability of any society to conserve, to use
efficiently or to expand such resources as land, pure air and water, fuel and
power, timber, wildlife, wilderness, outdoor recreation areas, open spaces, natural
beauty and silence. Population growth rates also affect a nation's ability to
provide adequately such functions as transportation, communications, housing,
sanitation and education.

Welfare: Population size, composition and growth rates are crucial elements in
such problems as poverty, standards of living, health, employment and auto-
mation, not only as part of the conditions within which these problems are solved,
but also as causes of these welfare problems themselves—in the United States as
well as in the rest of the world.
In addition to these problems of security, resources and welfare, of great

importance is the fact that such values as freedom, autonomy of personality, the
nature of our democratic political system and the extent of intrusion of govern-
ment into the lives of citizens depend, to a certain extent, on the relation between
population (size, composition, density, distribution) and availability of resources.
These values may be jeopardized by rapid population growth before limits are
reached in the availability of such economic resources as land, water, food,
power and fuel, or in our ability to provide such services as housing, schools
and transport.
Interaction: The various parts of these problems of security, resources, welfare

and political value interact, on the domestic as well as international levels, and
the solution of one part of a problem may depend eventually upon the solution
of other parts. For instance, the eventual reduction of population growth rates
in underdeveloped countries to the point which would allow for economic growth
and political stability may possibly depend upon our success in reducing popu-
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lation growth within the United States. For other countries which we attempt
to help and motivate to control their population growth may be less willing to do
so if the United States does not provide an example, or if they are urged to limit
their population growth and consumption of world resources while, at the same
time, the United States doubles in size and increases its percentage and rate of
consumption of world resources.
In the long run, our ability to solve our welfare problems of poverty, unem-

ployment, automation and health, to increase our domestic standards of living
and to provide adequate housing, schools and transportation may depend on
whether and what level a balance is struck between population and resources
within the United States, even granting the fact that technology can help us to
expand and to make more efficient use of our resources.
In the long run also, solutions to our domestic welfare and resource problems

may depend upon our success in encouraging other countries to reduce their rates
of population growth, if it is granted that the domestic balance between popu-
lation and resources is ultimately affected by the world population-resource
balance.

2. The Range of Goals and Means
In order to implement the President's statement of purpose to use our knowl-

edge to deal with the explosion in world population, various alternative goals
(domestic and international) may be explored by assuming, for the sake of
analysis, that it is within the power of the United States to attain any population
policy goal which it sets for itself.
Many curves describing the hypothetical future population size of the United

States and of the world can be drawn. The range of alternative goals include:
A. Population growth increasing more rapidly than the predicted doubling of the
current United States and world population by the year 2000; B. The predicted
doubling of current United States and world population by the year 2000; C. A
somewhat reduced rate of growth so that the doubling of the United States and
world population takes longer, for instance, 60, 75 or 100 years, instead of the
predicted 35 years; D. The stabilization of the United States and world popula-
tion size at less than its present size, or double its present size, or greater by
a factor of 2.5, 3, or 4. Here, the question arises: At what level and when should
this stabilization occur, in 60, 75, 100, 200 years?
Given a range of population policy goals, which one( s) should the United

States choose to pursue, domestically and internationally, and for what reasons?
Which particular curve (s) should the United States take as its goal for domestic
and international policy? And, what is the relation of these curves to problems
of national security, resources and welfare, and to our political values?
To achieve whatever goal is chosen for dealing with the explosion in world

population, there is a range of alternative means which differ with respect to
effectiveness, religious, moral and political acceptability, degree of individual
choice, practicality and cost. They include: 1. methods for controlling birth
rates, for instance, infanticide, abortion, sterilization, pills, chemicals, various
types of contraceptives, rhythm, abstinence and delayed marriage; 2. methods
for motivating people to limit family size, for instance, clinics, information and
propaganda, and removal of incentives for having additional children beyond
a given number; and 3. alternative government policies for combining elements
of these two methods into a program for achieving a particular population policy
goal.
Given such a range of possible alternatives for dealing with the explosion in

world population, which one's should be used to pursue the goal chosen for
population policy?

8. Needed Research
Various types of research are needed to help implement the President's state-

ments of purpose and to answer the questions raised above. For if, as the
President's statements suggest, we are moving toward acquiring the national ca-
pability as well as the intent to use human knowledge to alter population growth
rates and to treat United States and world population growth as objects for
government planning and action, then there is a great need for research on: 1.
the relation between population size, composition and growth and our problems
and goals in fields such as national security, resources and welfare; 2. the range
of alternative domestic and international goals for United States' application
of human knowledge to the population explosion; 3. the relation of these alterna-
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tive goals to such problems as national security, resources and welfare; 4. the
combination of means (medical, motivational and policy) which would be re-
quired to achieve the goals; and 5, the costs and benefits economic, political,
social and moral—of each alternative and combination.
Paramount in such research should be a concern with the effects on domestic

political systems and on the values of freedom and autonomy of personality
which are created, first, by rapid population growth and, second, by the goals and
means which are chosen for applying human knowledge to the population
explosion.
The following is an outline of the goals of various types of needed research.

1. Medical-Biological: To provide medical techniques for population con-
trol.
2. Social-Psychological: To provide the information and techniques for

understanding and influencing individual decisions to limit births.
3. Demographic: To provide basic information about the nature of the

population problems as well as analytical techniques for evaluation of alter-
native population policies.
4. Policy-Systems Analysis-Economic-Legal: To outline and analyze the

benefits, costs, risks and requirements of various alternative population
policy goals and programs.
5. Theological-Philosophical: To reconcile effectiveness, moral accepta-

bility and desirability of alternative population control techniques and pro-
grams.

BETHESDA, MD., April 22, 1966.
Hon. HENRY M. JACKSON,
Committee on Interior and Insular Affairs,
U.S. Senate, Washington, D.C.
MY DEAR MR. JACKSON: I want to express my favorable opinion of "The Eco-

logical Research and Surveys Bill" S. 2282, on which I understand hearings
by your Committee are planned for the near future.
I am convinced that the stated objectives of the Bill are worthy and that

their realization is essential for our future well-being. I believe that the
proposed means of accomplishment are sound. I feel that the time arrived
long ago when we should have started replacing opinions and guesses about
management of our natural resources with basic knowledge derived from scien-
tific research. While it is not too late, I feel that we should not delay longer.
I am a research scientist in biology. My special area is the study of feeding

behavior of bloodsucking insects, ticks, and mites, including the interrelation-
ships that biting and bloodsucking involve.
Thank you for your time and attention.

Sincerely,
PAUL A. WOKE.

DUKE UNIVERSITY,
Durham, N.C., April 25, 1966.

Hon. HENRY M. JACKSON,
Chairman, Committee on Interior and Insular Affairs,
U.S. Senate, Washington, D.C.
DEAR SENATOR JACKSON: I understand that hearings on the Ecological Survey

and Research bill, S. 2282, are being held this week. I regret that I am unable
to testify in person, but would like to express my enthusiasm for this proposed
legislation.
There is mounting concern over the levels of pollution and contamination by

toxic substances placed in the environment by ever-increasing human beings.
Each individual's life is being dependent or demanding of greater consumption,
greater waste, and greater complexity. Water tables fall, recreation space
becomes crowded, and our earthly nest is becoming fouled in general. These
and other symptoms require action—immediate symptomatic relief.
But beneath the symptoms, there is a chronic ignorance of ecological funda-

mentals. We live in disharmony with the world upon which we depend for
our survival. Our patent medicines of beautification campaigns, flood control
dams, insecticides, and herbicides may avert intolerable pain, but we need more
knowledge and appreciation of what Aldo Leopold called "the physiology of the
land" if we would achieve permanent problem-solving capacities.
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S. 2282 may be objected to because of expense and red tape. However, our
most successful practices are based upon fundamental knowledge. Knowing
how the body functions is economically desirable for human medicine. Likewise,
knowing how our ecosystems function is needed for wise management.
Thank you.

WILLIAM A. CALDER,
NSF Graduate Fellow, Department of Zoology.

ACRES, INC.,
Fort Wayne, Ind., April 26, 1966.

Senator HENRY JACKSON,
Senate Office Buiding,
Washington, D.C.
DEAR SENATOR JACKSON: The Board of Directors of ACRES, Inc., in regular

meeting April 26, 1966 went on record as endorsing the principles of Senate
Bill 2282, the Ecological Research and Surveys Bill. We are convinced that this
measure is an important one. Detailed studies must be made of all types of
natural areas by ecologists and competent biologists. Little scientific research
has been carried out thus far in the area of balanced ecological studies. We
need to know more of the complicated natural balances if we are to meet the
challenges imposed by growing populations not only in the United States but
also throughout the world.
We hope that this bill or a similar one will soon pass both houses of congress.

Sincerely yours,
JOHN W. KLOTZ, President.

TACOMA, WASH.,
April 27, 1966.

Senator HENRY M. JACKSON,
Committee on Interior and Insular Affairs,
U.S. Senate, Washington, D.C.:

We wish to add our voices in favor of S. 2282 in order to preserve a small Fed-
eral area in Pierce County for educational purposes.

THE PLANTERS. .

MEGATECH INC.,
Raleigh, N.C., June 10, 1966.

Senator HENRY M. JACKSON,
Chairman of the Senate Interior Committee,
New Senate Office Building,
Washington, D.C.
DEAR SENATOR JACKSON: It was with great interest that I read The Ecological

Research and Surveys Bill S. 2282, which was introduced by Senator Gaylord
A. Nelson.
I strongly believe that the increased ecological research and a more precise

understanding of ecology are urgently needed especially with the rapid rate
of increase in population and pressure on the natural environment.

Therefore, I fully express my support for the bill.
Yours truly,

HERBERT R. SCHAAL,
Landscape Architect.
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