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INTERNATIONAL BIOLOGICAL PROGRAM

TUESDAY, MAY 6, 1969

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND ASTRONAUTICS,

SUBCOMMITTEE ON SCIENCE, RESEARCH, AND DEVELOPMENT
'

'

W ashington,D .0 .
The subcommittee met, pursuant to notice, at 10 a.m., in room 2325,

Rayburn House Office Building, Hon. Emilio Q. Daddario (chairman
of the subcommittee), presiding.
Mr. DADDARIO. This meeting will come to order. Today we open our

third set of hearings on the International Biological Program.
In 1967, this subcommittee inquired into the substantive aspects of

the IBP over a period of 4 months and subsequently issued a compre-
hensive report, outlining certain needs and problems connected with
the program.
A year ago this month, we held additional hearings with particular

attention being devoted to methods of implementing the IBP.
The hearings today are designed to discuss a resolution supporting

the IBP which has resulted from the earlier labors of this subcom-
mittee. We believe they will be profitable and will help provide us with
legislation we can take to the House in the near future.
The resolution before us is House Joint Resolution 589, which

Chairman Miller and I introduced March 25, 1969. Identical resolu-
tions by Mr. Fulton and Mr. Podell have also been introduced and are
before the committee.
(The resolution referred to follows:)

[H.J. Res. 589, 91st Cong., first sess.]

JOINT RESOLUTION Expressing the support of the Congress, and urging the support of
Federal departments and agencies as well as other persons and organizations, both public
and private, for the international biological program

Resolved by the Senate and House of Representatives of the United States of
America in Congress assembled, That (a) the Congress hereby finds and declares
that the international biological program, which was established under the
auspices of the International Council of Scientific Unions and the International
Union of Biological Sciences and is sponsored in the United States by the National
Academy of Sciences and the National Academy of Engineering, deals with one of
the most crucial situations to face this or any other civilization—the immediate
or near potential of mankind to damage, possibly beyond repair, the earth's eco-
logical system on which all life depends. The Congress further finds and declares
that the international biological program provides an immediate and effective
means available of meeting this situation, through its stated objectives of
increased §tudy and research related to biological productivity and human wel-
fare in a changing world environment.
( b ) The Congress therefore commends and endorses the international biologi-

cal program and expresses its support of the United States National Committee
and the Interagency Coordinating Committee, which together have the responsi-
bility for planning, coordinating, and carrying out the program in the United
States.

(1)
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(c) In view of the urgency of the problem, the Congress finds and declares that
the provision by the United States of adequate financial and other support for
the international biological program is a matter of first priority.

SEC. 2. (a) The Congress calls upon all Federal departments and agencies and
other persons and organizations, both public and private, to support and cooper-
ate fully with the international biological program and the activities and goals
'of the United States National Committee and the Interagency Coordinating
Committee.
(b) For this purpose, the Congress authorizes and requests all Federal depart-

ments and agencies having functions or objectives which coincide with or are
related to those of the international biological program to obligate or make ap-
propriate transfers of funds to the program from moneys available for such func-
tions or objectives and provide such other support as may be appropriate.

Mr. DADDARIO. As we begin this inquiry, let me repeat a few thoughts
I voiced in the House when the resolution was introduced:
The IBP is not just another Government venture, and it is not some

abstract international dream. It is a very real, planned, and co-
ordinated effort to establish an ecological base for the management of
our environment and for the prevention of the deterioration which is
threatening our entire planet. It may be one of the most crucial pro-
grams, in spite of its mild-sounding title, to evolve in our time.
Since last summer when the Subcommittee on Science, Research and

Development completed its hearings and review on the status of the
IBP a great deal has transpired to justify our original enthusiasm and
to eliminate those reservations we had concerning the organization and
management of such a complex program.
However, since World War II we have left ecology—the only scien-

tific discipline which specializes in the total environment—to its own
devices in a market in which it could not possibly compete. As a result,
a science which might have matured to meet our problem solving
needs in environmental matters has fallen behind the bold advances in
many other areas of American science.
It is the problem solving—the utilitarian and practical aspects of

conservation and its management—which is the motivation for the
IBP, rather than the usual emphasis on sentiment and esthetics. This
pragmatic approach has led ecological practitioners in the United
States and in some 70 other nations to undertake the complex task of
planning and designing a research program which will produce the
manpower, skills, and theory essential to the management of our en-
vironmental resources.
We have no responsible policy choice other than to respond favor-

ably to the needs of the ecological sciences. Our immediate opportunity
is the International Biological Program which we have requested
American biologists to design and promulgate. Thus we intend and
expect, by means of this resolution, that Federal agencies which con-
duct relevant scientific work will support the IBP to the extent that
meets the needs of the U.S. projects under that program.
A final word.
Last week, in response to a request I had made following the 1968

Joint House-Senate Colloquium on the Environment, I received a very
significant "coordinated statement" from the members of the Commit-
tee on Environmental Quality of the Federal Council on Science and
Technology.
Coming as it does from representatives of all Federal agencies con-

cerned—even though it is not an official Government position—this
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statement may well serve as a landmark for the establishment of a
national environmental policy. It is perhaps the most cogent pro-
nouncement of its kind to date.
I shall have more to say about this statement in the near future

when it is transmitted to the Congress.
Meanwhile, let me simply say that special emphasis is given by this

statement to "the international spread of environmental problems
which calls for positive action on an international scale." It further
recommends "the development of international arrangements to co-
ordinate existing or initiate new programs . . . on a continuing or
regularized basis."
The implications for the IBP, I think, are obvious, and it gives us

an opportunity to look forward with even greater optimism for the
support of such activities.

Witnesses this morning on the resolution before us are Dr. Frank
Blair, chairman of the U.S. national committee of the IBP, and Dr.
Harve Carlson, who is the chairman of the Federal Interagency Co-
ordinating Committee on the IBP.
We are pleased to have both of you here, and would appreciate it if

you would both come forward, and we will start with Dr. Blair. As I
understand it, Dr. Blair also has Dr. Smith and Dr. Milan with him,
and I would appreciate it if those gentlemen would come to the table,
and if some of you will pull up a chair.
Dr. CARLSON. Mr. Chairman, may I use some of my colleagues ?
Mr. DADDARIO. Certainly. If there is room for them there.

STATEMENT OF DR. W. FRANK BLAIR, CHAIRMAN, U.S. NATIONAL
COMMITTEE FOR THE IBP, ACCOMPANIED BY DR. FRED SMITH,
UNIVERSITY OF MICHIGAN, AND DR. F. A. MILAN, UNIVERSITY
OF WISCONSIN

Dr. BLAIR. Mr. Chairman, it is a pleasure to be here before this sub-
committee to talk again about the IBP. I would like to express the
appreciation of our U.S. national committee to your subcommittee and
to Mr. Miller chairman of the parent committee for the interest you
have had in the IBP, and for the very excellent scrutiny you have
given our program. We feel that this has been of great assistance in
the development of our program to where it is today.
I have a prepared statement which I would like to submit for the

record, and I would like to refer to some of the high points of this
statement rather than read the rather lengthy statement.
(The following is the prepared statement of Dr. W. Frank Blair.)

PREPARED STATEMENT OF DR. W. FRANK BLAIR, PROFESSOR OF
ZOOLOGY, UNIVERSITY OF TEXAS; CHAIRMAN, U.S. NATIONAL
COMMITTEE FOR THE IBP

Mr. Chairman, members of the Subcommittee, thank you for your invitation
to discuss again with you the U.S. participation in the International Biological
Program :Ind for the opportunity of stating my support of House Joint Resolu-
tion 589—which you and Mr. Miller introduced.

Section 2 of that Resolution calfs upon Federal agencies and other persons
and organizations, both public and private, to support and cooperate with the
program; and authorizes and requests those Federal agencies having functions
or objectives which coincide with or are related to those of the program, to
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obligate or make appropriate transfers of funds from moneys available for such

functions, and to provide other support as appropriate.
This identical resolution, S.J. Res. 89, has been introduced in the Senate by

Mr. Muskie and several co-signers. The convictions of several members of both

the House and Senate that U.S. participation in the IBP should be supported

is most encouraging.
I believe that I can best comment on this resolution by briefly describing:

1. Our program planning.
2. The current status of the substantive elements of the program.
3. My impressions of where US/IBP objectives coincide with or are related

to those of the Federal agencies.
4. Some details illustrating the internationality of elements of our program.

On 27 March I described to your Subcommittee the general budget plans as I

understand them for a "line item" in the FY 70 Budget of the National Science

Foundation of $5 million for the US/IBP. This amount is for support of a U.S.

program of $15 million. The Foundation has indicated in its special study that

it expects the additional $10 million by either interagency transfer or direct

funding by the most concerned agencies. It seems, therefore, that the Founda-

tion's FY 70 budget planning for IBP and the wording of Section 2 of H.J. Res.

589 are parallel and mutually supporting. And if enacted by the Congress and

strongly applied by the Executive Branch, my previous recommendations to

you—"I believe that a way must be found that will allow NSF vigorously to

fulfill its role as coordinating agency in providing adequate funds, or securing

them by interagency transfer, to permit the Integrated Research Programs of

the US/IBP to become fully operational"—will have been implemented.

The following table summarizes firm plans for submission of Integrated Re-

search Program proposals. It constitutes a sound and reasonable basis for IBP

budget planning for FY 70.
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AmountsIRP To be submitted (millions)

ENVIRONMENT COMPONENT

Analysis of ecosystems  4th quarter, fiscal year 1969  $0. 275Grasslands do  2. 209Deciduous forests  3d quarter, fiscal year 1970  2. 275Desert  4th quarter, fiscal year 1969  1.700Coniferous forest  3d quarter, fiscal year 1970  .900Tropical do  .080
Tundra  2d quarter, fiscal year 1970  . 200Convergent/divergent evolution (including Hawaii)  4th quarter, fiscal year 1969 and 1st 1. 100

quarter, fiscal year 1970.
Aerobiology  1st quarter, fiscal year 1970  . 500Marine mammals I do  .175Biological control 2 do  .500Conservation of genetic materials 3 do  .077Biogeography of the sea 4  4th quarter, fiscal year 1970  .300Phonology  2d quarter, fiscal year 1970  .280Physiology of colonizing species  1st quarter, fiscal year 1970  .400Upwelling  3d quarter, fiscal year 1970  .125

HUMAN ADAPTABILITY COMPONENT

Urban and migrant peoples 5 do  2.610American Indians,  1st quarter, fiscal year 1970  .240Nutrition 7 do  .290Eskimos  Continuation  . 200High altitude people $  4th quarter, fiscal year 1969 and 1st . 600
quarter, fiscal year 1970.

Chronobiology 9  2d quarter, fiscal year 1970  .200

Total  15. 236

1 Marine mammals is now identified as a "potential IRP" and the USEC/IBP has encourage the originator to fully developthe program. A draft proposal has been submitted. Funding needs and approximate date for proposal submission have beenverified.
2 Biological control is now identified as a "potential IRP" and the USEC/IBP has encouraged the originator to fully de-velop the program. Proposal has been submitted. Funding needs and approximate date for proposal submission have beenverified.
3 Above notes also apply to conservation of genetic materials. This proposal will originate from ARS—USDA, and a drafthas been submitted. It will involve both in-house and non-Government effort. It is not budgeted in ARS. It was identified

by SCIBP circa 1964 as an essential IBP effort. With USEC/I BP endorsement proposal will seek support either by inter-agency transfer from NSF to USDA, or by reprograming within USDA.
4 central program proposal on biogeography of the sea has been shelved (rejected) by NSF. There is a high probabilitythat a program proposal on estuarine ecosystem analysis will develop under the guidance of PROCOM. If this reoriented

IRP develops, projects now identified with biogeography of the sea may be subsumed under the reoriented IRP.
Central program proposal for urban and migrant peoples is not yet satisfactorily developed. Research projects in thisprogram are developing; e.g., the Holmes County project is supported at $180,000 per year, the Chicago proposal now under

review in HEW requests approximately $100,000 for fiscal year 1970. The Miami River project will request approximately
$600,000 for fiscal year 1970. Plans are underway for central program coordination and synthesis. These plans should pro-
duce a central proposal by the 3d quarter of fiscal year 1970.

The current IBP identified portion of the AEC-supported research on genetics of American Indians is $150,000 per year
in a total AEC program of $358,000 in fiscal year 1969. The total IBP effort required on this IRP is $390,000 for fiscal year
1970. The originator will request $240,000 additional for fiscal year 1970. Request will be addressed to AEC and will suggestthat AEC seek interagency transfer from NSF since this latter amount is not budgeted in AEC.

7 The fiscal year 1970 amount shown on the nutrition IRP assumes that the $40,000 initiating proposal will be funded in
fiscal year 1969. The $299,000 fiscal year 1970 program includes continuation of the central coordination at $40,000 per
year plus $250,000 of new research.

° The high altitude IRP proposes coordination at no cost between principal investigators at Pennsylvania State Univer-
sity, University of Colorado, and University of Wisconsin. The Pennsylvania State proposal at approximately $200,000 will be
submitted during the last quarter of fiscal year 1969. The University of Wisconsin proposal was submitted to NSF approxi-mately 4 months ago. The University of Colorado proposal will be submitted during the 1st quarter of fiscal year 1970.

Chronobiology has been identified by the USEC/I BP as a "potential I RP" and the originator has been encouraged to
develop and submit this IRP proposal first to the USEC/I BP for internal evaluation and then to NSF for support. The funds
required and time of submission have been verified.

I think that we should note that "Analysis of Ecosystems" alone will re-
quest $7.4 million in FY 70. Dr. Smith, who is here with me, will comment
later concerning his budget planning for this IRP, and will submit for the record
his progress report on this Integrated Research Program.
Likewise I think we should note that the total "Environmental Component"

of our program is approximately $11.0 million and that the "Human Adaptabil-
ity Compopent" is approximately $4.1 million. This, in my opinion, constitutes
a reasonable balance at this time. The table represents "new money" require-
ments throughout.
In addressing the complexities of interagency transfers in support of IBP, I

would like to use one IBP-IRP as an example—"Population Genetics of Amer-
ican Indians." This program is historically rooted in an AEC program, "Area
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Program in Population Genetics," and had its beginnings in genetic studies

undertaken in Japan in the area of Hiroshima and Nagasaki following World

War II. Dr. James V. Neel has been a principal investigator from the beginning.

Studies of primitive South American Indians offers unique opportunities for

further investigations of genetic principles and these studies are of interest to

AEC. AEC currently supports the Population Genetics program at $358,000 this

year. The American Indian portion is estimated at $150,000.
Dr. Neel's proposal for FY 70 will be addressed to AEC and will request

$598,000 of which $390,000 will be identified with IBP. If we assume that AEC

will continue the IBP level of effort of $150,000 then "new money" require-

ments for this IRP will be $240,000.
Dr. Neel has provided an advance copy of his proposal to me. It has not yet

cleared various administrative and management levels at the University of

Michigan nor in the AEC. Likewise it has not yet undergone an internal IBP

review. Nevertheless I would like to quote four paragraphs of his proposal:

"The portion of this Program that deals with the American Indian has been

designated as one of the thirteen Integrated Research Projects of the Unite
d

States contribution to the International Biological Program. One of the tw
o

principal themes of the IBP is the subject of human adaptability; the American

Indian offers a rapidly vanishing opportunity to obtain insight into both the

genetic and physiological adaptations of man during the pre- or early-agr
icul-

ture period of his evolution. In this IBP-effort, we are fortunate in having very

able colleagues in Venezuela (Layrisse, Arends) and Brazil ( Salzano).

"With the completion of the work on inbreeding effects, and the near c
om-

pletion of the Tecumseh analysis, a larger proportion of the total effort of thi
s

program will be directed towards the IBP. The total budget for the curren
t

year is $358,306 (direct costs: $250,879; indirect costs $107,427), of 
which

we have estimated for the purposes of the U.S. National Committee for 
IBP,

that $150,000 supports in one way or the other the work on the American 
Indian.

"It is our understanding that the National Science Foundation, as the o
fficially

designated lead agency for the IBP, may receive a line item appropriation fo
r the

support of IBP. It is our further understanding that the "new money" aspect
s

of the Program on the American Indian are eligible for consideration for sup-

port from that line item if in fact it is appropriated. It is for this reason that

we have attempted at the outset to place the Indian portion of this Program

in perspective. We will not (unless otherwise directed) make any direct approach

to the NSF, in the expectation that should after appropriate review our pro-

gram be judged meritorious and worthy of the expanded support, AEC will in-

form us concerning the appropriate administrative procedures.
"It will be noted that we now propose a budget for next year (direct costs)

of $434,166; and for the following year, $587,785. A tentative budget has not

previously been submitted for 1971-1972—it is now set at $602,330. If this pro-

gram is to be successful, we need assurance of forward support for at least two

years, so that we can make the necessary recruitments to temporary positions."

Thus we see the complexities of interagency funding. If you would like the

advance copy of this proposal I would be pleased to leave it for your analysis.
I think that these genetic studies of Human Adaptability are essential to the

US/IBP and that we should find a method of support. The USEC/IPB is in no
position to say that this support should be totally from AEC or partially from
NSF or if an interagency transfer should be considered and in what direction.
I commend this proposal to your examination since the early pages establish
the IRP base, and the latter half provides a detailed progress report.
So far we have discussed budget planning for FY 70 and complexities of inter-

agency funding. I would like now to summarize the status of current and past
support.
The following table lists IRPs supported in FY 68 and FY 69 and the agencies

providing support. In the column headed "Origin" we attempt to differentiate
between research on IRPs (1) that existed prior to IBP and (2) that was ini-
tiated because of IBP. Likewise in the subtotals under FY 68 and FY 69 we
differentiate between these amounts. These subtotals provide some indication
of funds preprogrammed within agency budgets as distinguished from repro-
grammed funds made available because of IBP. All may be said to be mission
funds; and may be said to directly support IBP-IRPs. On 27 March I stated
to you that funds allocated in FY 69 for IBP approached the lower limit recom-
mended by your subcommittee. This table shows $3.8 million granted in FY
69 in support of IBP-IRPs of which $1.3 million was granted as a result of IBP
initiation.
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MAJOR INTERNATIONAL BIOLOGICAL PROGRAM STUDIES SUPPORTED

iln thousands of dollars]

Major study

Requested,
Granted, Granted, fiscal year

fiscal year fiscal year 1969—Supported by Origin 1968 1969 pending

Environment:
Analysis of ecosystems  NSF  IBP  '224.3  Grasslands  NSF, AEC, USDA__ IBP  3 400. 0 451.0 3 2,209Desert  NSF  I BP  20,2  Deciduous forest  I BP  3 230Coniferous forest   NSF  IBP  1 30.0 3 31Convergent/divergent evolution  NSF, HEW, USAF Pre-IBP 162.5 105.2  

and IBP. 126,1  Aerobiology  NSF  1BP  51.7  Biogeology of the sea  NSF, USDI, SI  Pre-IBP 50.0 45.0 3 66
and IBP. 171.5  Upwelling ecosystems  NSF  IBP  94.2  Human adaptability:

Intensive study of Eskimos  HEW, SI, USAF, IBP  40.6 4312.5  
Wenner-Gren.

Migrant peoples:
Chicago  IBP  599Mississippi  HEW  IBP  180.5  Biology of human populations at high     I BP  3 140altitude.

Population genetics of American AEC  Pre-1 BP 150.0 150.0 5 358I ndian. and IBP. '240Nutrition:
Central  Army, USDA, AID, IBP  339

HEW.
Research  Universities and Pre-IBP 3, 452. 0 2, 203. 0  

private sources.

Subtotal I BP originated  689. 1 1, 437. 7 3,054Subtotal pre-IBP  3, 790. 3 2, 503. 2 358
Total  4, 479. 4 3, 940. 9 3,412

1 2 years.
2 7 months.
3 National Science Foundation (NSF).
4 3 years.
5 Department of Health, Education, and Welfare (HEW).
Atomic Energy Commission (AEC).

The table also shows the variety of agencies now funding IBP—IRPs. Sinceall grants were made in support of agency missions, it seems unlikely thatany agency would willingly transfer funds to NSF. I personally hope that otheragencies will internally establish IBP line items. I believe that if this is done,budget planning will be more visible, and the identity of IBP—IRP's with agencymissions will be more clearly understood. I think that the only fiscal alternativeto multiple line items is to increase the NSF line item to $15 million. If the latteris done we would expect transfers from NSF to other agencies totaling approxi-mately $10 million in FY 70. It seems clear that the Present $5 million line itemwill quickly be absorbed in on-going agency programs—even though those pro-grams had an IBP genesis.
Concerning agency functions and objectives that coincide with or are relatedto those of the IBP—some indications of these relationships are shown in thepreceding table. Following is a listing of IBP—IRPs, and some agencies that Ibelieve should be interested in each:
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IRP

Environment:
Analysis of Ecosystems 
Convergent/Divergent Evolution
( including Hawaii).

Aerobiology  

Marine Mammals 
Biological Control 

Conservation of Genetic Material__
Biogeography of the Sea 
Phenology 
Physiology of Colonizing Species 
Biological Production in Upwelling
Ecosystems.

Human Adaptability:
Biology of Urban and Migrant Peo-

ples.
Population Genetics of the Ameri-
can Indian.

Nutritional Adaptation to the En-
vironment 

International Study of Eskimos 

Biology of Human Population at
High Altitude.

Chronobiology  HEW, NSF, DOD, NASA.

Agencies

NSF, USDA, AEC, USDI, NASA.
NSF, Smithsonian, USDI, USAF,
NASA, State.

NSF, USDA, HEW, USDI, AEC,
USDC—ESSA, DOD.

NSF, USDI, State, Smithsonian.
NSF, USDA, USDI, HEW, State—AID,
DOD.

NSF, USDA, State—AID, NASA, AEC.
NSF, USDI, Smithsonian.
NSF, USDA, USDI, AEC, NASA.
NSF, USDA, Smithsonian, HEW.
NSF, USDI, NASA, Navy, AEC, Smith-
sonian.

HEW, USDA, NSF, HUD, Transporta-
tion, USDC.

AEC, HEW, NSF, USDI.

HEW, USDA, NSF, HUD, State-AID,
DOD.

HEW, DOD, NSF, Smithsonian, USDI,
AEC, USDC.

HEW, NSF, NASA.

The internationality of the IBP may be illustrated in several ways.

Shown as an appendix to this statement are maps pertinent to 9 of our

IBP—IRPs. The remaining 7, for various reasons, are not presented here. For

example "Conservation of Genetic Material" involves a world-wide survey. A

world map of all land areas would add little for our purposes. Our Phenology

IRP concentrates on the U.S. and is coordinated world-wide—a map would serve

little purpose.
Generally, among the 9 provided, we have shown the financial status of the

IRP, the institutions both U.S. and foreign directly participating in these IRPs,

and in various ways the principal thrusts or centers of gravity involved.
Report 3, Part 2, "Research Studies Constituting the U.S. Contribution to the

International Biological Program", a report by the U.S. National Committee for

the IBP released 25 April, lists all projects now included in the US/IBP. Proj-
ects being conducted jointly with scientists in 32 foreign nations are included
and described. This report is being mailed to approximately 60,000 scientists. It
is available for your examination.
The IBP Central Office in London periodically publishes "IBP News". Num-

bers 13 through 20 are Indexes of National Projects. Each issue is devoted to a
major subjective area of the IBP, and national projects are listed under the
various "themes" for each area. These issues of "IBP News" are likewise avail-

able for your examination.
The internationality of the IBP may be Illustrated by another effort that we

are attempting to support—"The need for a Global Network for Environmental

Monitoring". The concept for such a network has been discussed among a con-

siderable number of scientists and science administrators, nationally and inter-

nationally, government and non-government. It cannot be considered parochially

as IBP. If feasible however, such a network would have world-wide benefits for
many agencies—multi-national and of the United Nations,—and would greatly
benefit US/IBP.
On 18 April we convened a working conference to address specific questions

all concerned with feasibility. There were 51 participants from many Federal
agencies and private institutions. The report of this conference (when written)
will be integrated with similar reports of a three-man ad hoc Committee (U.S.,
USSR and Sweden) and the final report will be submitted to the ICSU Special
Committee for the IBP.
And again international considerations seem apparent in a planned seminar

with the World Bank. The Bank is interested in ecological considerations in-
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volved in its projects. The seminar is planned for 23 May and I understand that
50 to 60 key people from the Bank will attend. Following (Appendix B) are some
preliminary suggestions that we will make to the Bank.
Mr. Chairman, in summary I would like to say:
A significant number of US/IBP—IRPs have been submitted and the remainder

will be submitted in accordance with the schedule contained in the body of this
statement.
A budget program of $15 million is needed for FY 70.
Multi-agency interests apparent to me are stated in the body of this statement.In addition to NSF they include HEW, Agriculture, AEC, Interior, NASA, the

Smithsonian, Defense, State, Commerce, Housing and Urban Development and
Transportation.
Enactment of this bill will require vigorous support and direction on the partof the Executive Branch if the interagency transfers envisioned are to be accom-

plished.
An alternative of increasing the NSF line item to $15 million may be well

worth considering.
The international cooperation involved provides a most economical basis for

carrying out research in both human and environmental ecology necessary before
we can adequately plan for maintaining and improving the quality of our en-
vironment.

Appendix A

U. S./IBP

INTEGRATED RESEARCH PROGRAM

ANALYSIS OF ECOSYSTEMS

The program on analysis of ecosystems is a broad program devoted to analysis
of ecosystems with respect to short-term and long-term processes, complete inter-
relationships between land and water systems, and production studies, in rela-
tion to human welfare. It proposes to establish a scientific basis for programs
to improve environmental quality. It includes six biome studies: grasslands,
desert lands, deciduous forests, coniferous forests, tropical forests, and arctic
tundra and taiga regions.
The Director is Frederick E. Smith, University of Michigan. The grasslands

subprogram is directed by George M. Van Dyne and includes close coordination
with a similar program in Canada.
The Deciduous Forest Biome Subprogram is likewise closely coordinated with

corresponding work in Canada. While sites will be entirely in the United States,
much of the work under the PT Section of SCIBP carried on in European coun-
tries will contribute data for comparison. It is directed by Stanley I. Auerbach
of Oak Ridge National Laboratory.
The Desert Biome Subprogram, likewise, is confined to U.S. sites. However,

when fully activated, it is hoped that like studies will be done in the Mexico
portions of the deserts under study and that coordination with the Mexican
work can be active. Related projects in other countries under the auspices of the
IBP will be followed. It is directed by David W. Goodall of Utah State Univer-
sity.
The Coniferous Forest Biome Subprogram will be coordinated with related

work in Canada. It is directed by Stanley P. Gessel, University of Washington.
The Tropical Forest Biome Subprogram is directed by Helmut Lieth of Univer-

sity of North Carolina. This subprogram, when fully developed, will involve
several foreign countries to a greater extent than the other subprograms of the
Analysis of Ecosystems. A number of Latin American countries, in particular,
will hopefully coordinate in this work.
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ANALYSIS OF ECOSYSTEMS

Status 

FY 69 - Supported $0.58 million

FY 69 - Additional pending

$0.26 million

FY 70 - Needed $7.40 million

Participation 

1. U. of Michigan

2. Grassland - Colorado State U.

3. Tundra - U. of California,

Berkeley

4. Desert - Utah State U.

5. Conif. - U. of Washington

6. Decid. - Oak Ridge Nat'l Lab.

7. Tropical - U. of N. Carolina

8. Synthesis - Travelers Res.

Coordination

Canada, Mexico and Worldwide

2
orone

J.

30\--

474.,

CONVERGENT AND DIVERGENT EVOLUTION

This Program is directed by W. Frank Blair, University of Texas. He is
also Chairman of the U.S. Executive Committee for the IBP. His Co-Assistant
Directors include, in addition to his U.S. colleagues, Fernando Dias de Avila-
Pires, Brazil; Francesco di Castri, Argentina; Alvaro Fernandez-Perez, Col-
ombia.

This Program was developed as a result of a series of working conferences
that included representation from several countries of Central and South
America and Australia. A major subprogram is the Hawaii Terrestrial Biology
Subprogram in which scientists from Japan. Taiwan, Philippines, -Malaysia,
New Guinea, Australia, New Zealand, Canada, Netherlands, Hungary, in addi-
tion to U.S. scientists, participate.

Participants in coordinated work within this program, in addition to the
above countries in the Hawaii Subprogram, include scientists from Argentina,
Australia, Brazil, Chile, Colombia, Peru, Uruguay, Venezuela, and Mexico.
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STATUS OF
DIVERGENT (A) AND CONVERGENT (B)

EVOLUTION

FY 69 - Funded at $0.275 million

FY 70 - Needed $1:100 million

Key:

1. U. of Texas, Austin
2. U. de Buenos Aires
3. U. Nacional de Cuyo —ho 20

4. Arizona State U.
5. Indiana U.
6. U. of Texas, Arlington
7. U. de Sao Pedro de Rio Preto
8. U. Rural de Rio. de Janeiro
9. Instituto Butantan
10. Museu Nacional, Rio de Janeiro
11. Instituto de Biologia, Montevideo, Uruguay
12. U. Austral, Valdivia, Chile
13. U. Chile, Valparaiso
14. U. Chile, Santiago
15. U. Cayetano Heredia, Lima, Peru
16. U. Nacional, Bogata
17. U. Javeriana, Bogata
18. Estacion Roberto Franco, Villavicencio, Colombia
19. U. Puerto Rico, Mayaguez, P.R.
20. U. de Antioquia, Medellin, Colombia
21. Rockefeller U.
22. U. Central, Caracas
23. U. de Lara, Barquisimeto, Venezuela
24. U. de Los Andes, Bogata

(A) DIVERGENT
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AEROBIOLOGY

The Director of this program is William S. Benninghoff, University of
Michigan. Participants in this program will coordinate their work with re-
searchers internationally in many different countries. Collaboration has been
established with the programs on Analysis of Ecosystems, Plant Gene Pools,
and Phenology. Coordination with the international programs in Aerobiology
was established at conferences in the United Kingdom. Dr. P. H. Gregory is the
leader of aerobiology under the IBP in the United Kingdom. Similar research
in India and Israel will be coordinated with the U.S. program. The inter-
national working group on Aerobiology will include scientists from Israel and
the Netherlands in addition to those from the United States.

Active participation by scientists in Hawaii will involve coordination with
scientists working in most of the Pacific Island groups, and with Japan.

PHYSIOLOGY OF COLONIZING SPECIES

The Director of this program is Calvin McMillan, University of Texas. It is
in the proposal stage at the present time, and has not yet been funded. Plans
include Jorge Morello, Argentina, and J. E. Rabinovich, Venezuela as Co-Assistant
Program Directors, in addition to two U.S. scientists. The program consists of
eight subprograms on plants, all of which involve foreign scientists, as follows:

1. Introduced grasses of temperate and tropical grasslands—Venezuela, Brazil,
and Argentina.
2. Weedy herbaceous species—Mexico and Venezuela.
3. Woody species of semiarid subtropics—Argentina.
4. Eucalyptus—Australia, Colombia, with additional South American countries

in the long-term plan. Records from Chile, Argentina, and Brazil will be used in
the initial studies.

5. Colonizer with wide adaptation—Argentina. Material from New Zealand
and European sources will be used in this study.
6. Marsh colonizers. A tropical locality in Venezuela will be used. Temperate

localities will be in the U.S.
7. Colonizer trees in tropical montane forests—Costa Rica.
8. Cataloging the introduction, spread and current distribution of colonizing

species—U.S. only at present. Specimens received from all parts of the world will
be used.
Two subprograms on animals will include international scientists as follows:
a. Invertebrates—Venezuela, and will be expanded.
b. Vertebrates—Chile, with plans for expansion.

BIOLOGICAL PRODUCTION IN UPWELLING ECOSYSTEMS

The Director of this program is Richard C. Dugdale, University of Washington,
Seattle. The major effort in 1969 will be devoted to the upwelling region of Peru,
involving United States and Peruvian ships, and with scientists from Greece,
Spain, Italy, and France participating, in addition to scientists from the United
States and Peru.
A voyage of research to the Mediterranean is planned for 1970. IBP projects in

the Mediterranean related to the program on upwelling are conducted by Spain,
France, and Italy. Grecian scientists will also cooperate in the planned research
in 1970.

POPULATION GENETICS OF THE AMERICAN INDIAN

The Director of this Program is James V. Neel, University of Micigan Medical
School. Investigators in the Program are William J. Schull, University of
Michigan (USA), Francisco Salzano, Universidade do Rio Grande do Sul, Porto
Alegre, Brazil, and Miguel Layrisse, Instituto Venezolano de Investigaciones
Cientificas, Venezuela.
The present investigation centers on the Yanomama tribe of southern Vene-

zuela and northern Brazil. It is planned to expand this work considerably and
to include many other American aboriginal tribes. Data has been compared with
that obtained in a United States community, and has been coordinated with data
obtained- on a population on the island of Hirado, Japan, obtained during
1964-65.
While current international interest in this program is confined to U.S.,

Brazilian, and Venezuelan participation, progress is closely followed by scientists
in Japan, and others working with primitive tribes in New Guinea. It is antici-
pated that other countries will become more actively involved in this program.

29-576-69 2
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PHYSIOLOGY OF

COLONIZING SPECIES

10

FY 69 - No support requested

FY 70 - Proposal for $0.813 million
submitted. Support pending

Participation 

1. u. of Texas
2. U. of Venezuela
3. Stanford U.
4. U. of Mexico
5. INTA Argentina
6. U. of California
7. U. of Michigan
3. U. of Hawaii
9. U. of Costa Rica
10. Texas A & I U.
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POPULATION GENETICS
OF

AMERICAN INDIANS

FY - 69 - Funded at $0.358 million

(includes 0.150 IBP)

3. institute of Science - Venezuela
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NUTRITIONAL ADAPTATION TO THE ENVIRONMENT

Co-Directors of this program are C. Glen King, Columbia University Medical
Center, and 0. Lee Kline, American Institute of Nutrition. This program is
divided into Tropical, Temperate, and Arctic Ecology, and considerable inter-
national collaboration is involved.

International investigators involved in the Tropical Ecology portion of this
program, other than those of the United States, include scientists from the
Philippines, Chile, Ecuador, Peru, the Netherlands, Jamaica, Thiland, United
Kingdom, India, Indonesia, Japan, Taiwan, Hong Kong, South Vietnam, Cam-
bodia, Singapore, and Burma. Close coordination of phases of this program is
especially strong with the IBP National Committees of the Philippines, Indo-
nesia, Thailand, and India.
Work in Temperate Ecology in this program involves investigators in the

United States primarily. Research on iodine requirement problems is coordinated
with India, Japan, and Poland. Research for new protein sources is coordinated
with similar work in Japan and India.

Arctic Ecology is closely coordinated with the International Study of Eskimos.
This subprogram is sponsored jointly by the United States and Canada, and will
be concerned with Eskimo communities.
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NUTRITIONAL ADAPTATION TO THE ENVIRONMENT

Status 

FY 69 - Coordinating Pro-

posal for $0.039

million submitted.

Support pending

FY 70 - Needed $0.290

million

Participation 

1. Nutrition - Eskimos

2. Nutrition - High Altitude

3. Nutrition - American Indian
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INTERNATIONAL STUDY OF ESKIMOS

The title of this Integrated Research Program (IRP) was adopted especially
to emphasize the international coordination within this IRP that has charac-
terized it from its origin. The Director of the Program is Frederick A. Milan,
University of Wisconsin. Members of the Coordinating Committee for this Pro-
gram are:

Frederick A. Milan (United States) ;
Robert Gessain (France) ;
David R. Hughes, (Canada) ;
Jorgen Balslev Jorgensen (Denmark).

The initial coordinated research involves Eskimo settlements at Wainwright,
Alaska; Igloolik, Canada ; Upernavik and Angamssalik, Greenland (Denmark,
France).

Involved in the environmental physiology portion of this program, in addition
to U.S. scientists are: R. Shepard, University of Toronto, Canada, and P. G. di
Prampero, University of Milan, Italy.

Participation in this program involves U.S., Canada, Denmark, France, and
Italy. Scientists from the U.S.S.R., Norway, Sweden, and Finland have ex-
pressed an interest in this program. It may eventually be expanded to cover all
circumpolar peoples.
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BIOLOGY OF HUMAN POPULATIONS AT HIGH ALTITUDES

Co-Directors of this Program are Paul T. Baker, Pennsylvania State Uni-
versity, and Robert F. Grover, University of Colorado Medical Center. It is
based on earlier work that has been in progress for some years. Comparative
studies of the data on a number of types of populations will be made under this
program. Sea-level data from communities in Massachusetts and Michigan have
been gathered in some detail in the past and will be compared with data from
populations at a moderate altitude in the United States (Leadville, Colo. 10,200
ft.). A sea-level site will be developed in Peru to obtain comparative data from
populations with the same racial background as those at high altitudes. A mod-
erate altitude community in the Peruvian Andes, and a high altitude com-
munity of about 13,000 ft. (Nunoa, Peru) will be studied.
While Peru and the United States are the only active countries thus far, con-

siderable interest and a desire for coordination has been expressed by Bolivia,
Chile, Ecuador, and Colombia. Other IBP participants involved in high altitude
studies of man are United Kingdom, USSR, and India. Close integration of the
studies in Ethiopia, India, and the USSR with the U.S.-Peruvian program is
planned.
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BIOLOGY OF

BUMAN POPULATIONS

AT HIGH ALTITUDE

Status

FY 69 - U. of Wisconsin proposal

submitted for $0.14 million
;(1support pending
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A , /
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Appendix B

GRADUATE TRAINING IN ECOLOGY

Two years ago I attempted to get an estimate of the annual production of
Ph.D.'s in ecology in this country. The information, obtained by questionnaire,
was supplied to the Chairman of the House Subcommittee on Science, Research,
and Development.

This survey has just been repeated (see table) for the 2 years that have
elapsed since the first survey. Although the 2 surveys are not exactly comparable,
there seems to have been a significant increase in the output of ecologist Ph.D.'s
of the order of magnitude of 50%.
The increased output of ecologists presumably reflects the growing concern

about environment and the consequent interest in ecology as a profession. If this
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trend continues, there should be an adequate supply of ecologists for IBP re-
search and for subsequent programs of similar nature.
The growth in the past 2 years has been achieved without significant change

in the level of Federal financial support for ecological training. One recent devel-
opment, funding of several ecological centers by the Ford Foundation, should re-
sult in added production of ecologists in the next few years. However, increasedFederal support will certainly be required if the number of professional ecologists
is to meet anticipated demands of the coming years.
In analyzing the data presented here, it should be kept in mind that many

specialties other than ecology contribute to the solution of environmental
problems.

AVERAGE ANNUAL PRODUCTION OF PH.D.'S IN ECOLOGY BY THE LEADING UNIVERSITIES IN THIS FIELD

Institution
Mean number per year

5-year average,
1962-66

2-year average,
1967-68

University of California, Berkeley 
University of Illinois 2.0

2 . 8
(1)
(1)University of Minnesota 3.0 4.0Rutgers University 4.0 7.0University of California, Riverside . 4 1.5Oklahoma State University 4.4 4.0University of Oregon 1.2 1.5Duke University 

2 2.6 11.0University of Michigan 7.8 12.5Michigan State University 1 (8.0) 7.0University of Texas 5.0 4.5University of Wisconsin .6 3.0University of California, Davis 2.2 3.5University of California, Los Angeles 1.4 4.0Emory University 1.6 2.5Yale University 
3 (5.2) 2.5Harvard University 3 (4.0) 6.0University of Georgia 3 (2.0) 6.5University of North Carolina 3 (3.4) 4.5North Carolina State University 1(2.4) 4.0Cornell University (9 6.0University of Washington (9 (I)

Total 62.0 95.5

No report.
2 Botany only.
Reported 1969.
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Dr. BLAIR. I will address myself to three main points and then call
on my colleagues from the U.S. IBP to round out the discussion by
reference to particular components of the program. I will say a few
words about the manpower situation as it relates to the development
of the IBP in the United States.
I will speak to the funding problem, and finally I would like to give

more emphasis to the international aspects of our efforts in the IBP
than we have given in the previous hearings.
With respect to the manpower situation, appendix B of the pre-

pared statement has a tabulation indicating- the average annual rate
of production of Ph. D. ecologists as identified by a canvas of key
people who train ecologists.
Two years ago, for the chairman of this subcommittee, I made a

survey the results of which are indicated in column 1 of this table.
This has been added to a bit in the second survey. The estimate is that
we were producing an average of about 62 Ph. D. ecologists per annum
in this particular group of institutions.
The interesting thing is that the rate of increase has been rather

remarkable.
In fact, there has been a 50-percent increase based upon these fig-

ures. These data should be cautiously interpreted, but I believe they
are significant.
This apparently reflects numerous things. In part, I think it reflects

the interest in the IBP. In part it reflects the general concern today
about environmental quality, and increased interest of university stu-
dents toward going into this field.
In addition, I have also added to the material some figures that I

just got day before yesterday through the courtesy of Milton Levine'
of the. National Science Foundation from the National Register of
Scientific Personnel. This is a very interesting set of figures.
(The information referred to follows:)
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National register of scientific and technical personnel, 1968

Distribution by level:
Number reporting level 35,615
Multilevel  9, 501
Submolecular  884
Molecular  7, 567
Cell Organelle  3, 846
Cell  9, 271
Tissue  7, 066
Organ  6, 328
Organism  12, 339
Population  9,672
Community  5,702
Ecosystem  6, 402
Not Applicable 2, 676
No Report of Level 20,632

Distribution by approach:
Number reporting approach 33,339
Developmental  7,219
Environmental  12,215
Genetic  5, 968
Behavioral  4, 746
Morphological  6,989
Functional  14,100
Systematic  4, 742
Pathological 6, 893
Evolutionary  3,734
Historical  737
Philosophical  546
Not Applicable 3, 133
No Report of Approach 22, 451

NOTE.—These data are based on 58,923 scientists responding through AIBS or FASEB.

National register of scientific and technical personnel, 1968

Distribution of 12,215 environmental biologists by biological level:
Biological level: Environmental

Multilevel  2, 941
Submolecular 241
Molecular  1, 150
Cell Organelle  688
Cell 1,855
Tissue  1, 634
Organ 1,652
Organism  5, 152
Population  5,945
Community 4,285
Ecosystem  4, 855
Not Applicable  191

NoTE.—These data are based on 12,215 environmental biologists responding through
AIBS or FASEB, who reported one or more biological levels.

For the first time, the national survey has asked questions that per-
mit ecologists and others to be identified. The rather interesting thing
to see is (on the first page of this short piece of paper) that when
biologists were asked to identify themselves by level—level of orga-
nism from submolecular on through ecosystem—that about 40 percent
fall in the group of population, community, and ecosystem.
Now, these, for the most part, are ecologists, and anybody who iden-

tifies himself as working at the ecosystem level is unquestionably an
ecologist. This is the first time we have had any real measure of the
representation of ecologists in the population of scientists.
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Also, if we look at biologists by "approach" we see that among some

33,000 reporting, 12,215 have identified themselves .as working at the
environmental level, and again this is an identification of a very large
group of ecologists.
The second page combines these and breaks down the. environ-

mentally identified biologists to the various levels of organization at
which they work. I think there is a great deal of interest in the fact
that 241 of those at the submolecular level indicate that they use
the environmental approach.
I will merely call to your attention the legal-size sheet. This shows

the disposition of the identified ecologists throughout the various
agencies with which they are associated, particularly in terms of their
research support.
One point we can make is that, while we do seem to have a lot of

ecologists, they are widely scattered through many, many agencies.
Now, I would like to speak to the problems of funding and to what

I believe to be the significance of the resolution which Chairman
Miller and Chairman Daddario have introduced and which we are dis-
cussing today. On page 9 of the prepared statement we have presented
an estimate, as accurately determined as possible, of the level of sup-
port of the U.S. IBP effort in fiscal 1969.
I would call your attention to the fact that there has been significant

new money channeled into support of the IBP. This would be in the
subtotal entitled "IBP originated." This identifies new money. The
subtotal entitled "Pre-IBP" identifies old money that has been
oriented to the objectives of the IBP.
I would also call your attention to the final column of $3 million-

plus of pending requests. I am very doubtful that very many of these
will be funded in fiscal 1969, simply because of the stringencies of the
budget.
Now, I would also call your attention to page 3. This is a very

crucial part of this document. In this table our U.S. committee has
prepared a breakdown of how we would utilize the $15 million that
was identified in the budget study made last year by the National
Science Foundation at the request of the Bureau of the Budget. This
table presents a very realistic approximation of where the money
would go. There might be some changes of priorities, depending upon
developments. Basically this level of funding would permit three of
the ecosystem analysis studies to get really into research operations,
a fourth to be phased in, and two to be simply a more or less holding
operation—planning operations at some pilot level, and so on down the
list.
I think this is a realistic breakout of what we could do if we had

$15 million in sight. Beginning at the bottom of page 10, we have
made our own estimate of the agencies that we believe either are or
should be interested in the various integrated programs that have
been developed under the IBP. This does not coincide with the evi-
dence of .present interest as indicated by actual financial support of
these various programs. Moreover, we feel that there are components
of all of these IRP's that should be of interest to the various agencies
identified with them.
Now, summing up the financial situation2 it seems to me that the

real one remaining problem is not the line item in the NSF budget,



29

but the $10 million that hopefully will be found in the budgets of the
various Federal agencies.
I am a realist, and I am not sure this $10 million can be found. How-

ever, I am encouraged by the fact that this resolution may and hope-
fully will insure that some major fraction of this money will be put in
support of IBP projects. There is one thing I would like to emphasize,
and that is we are talking about $15 million of new money. And,
second, we are talking about new money for the support of the
novel kind of imaginative research that is embodied in the integrated
research programs. We are not talking about identifying individual
ongoing research projects with the IBP.
We are talking about the newly originated, novel, and imaginative

research that is directed to cooperative efforts to understand how our
environment works. Consequently, we are really talking about the
IRP's identified at the bottom of page 10.
Now, there are always problems, involved in an interchange of funds

between governmental agencies, yet the budget study of last year seems
to envision such interchange. An example of the kind of problem thatmay come up is illustrated by our very successful program of studying
the population genetics of the American Indian.
This is really an expansion and some reorientation of ongoing re-

search of Dr. Neal, and helped along by several North American and
South American scientists. They have had support for this program
from the AEC, and Dr. Neal has just given me an advance copy of a
proposal for a considerable expansion of this program.
The anticipation is that this program is eligible for considerationfor support under whatever new money comes along. Thus, the prob-lem presented is of where does this money go? Is it money that canbe transferred from agency to agency, or how does Dr. Neal's pro-gram get funded?
This example illustrates the kinds of problems we are up againstof trying to fund the IBP with the mechanism at hand. There arevarious ways we could go. NSF might be willing to transfer moneyto AEC if they had enough money in the line item to do this.
Or maybe AEC would be willing to hand this project to NSF. Wecan't speak for the Federal agencies, but it is a question that clearlyneeds to be raised. Really, I think that the one big problem facingus is, where do we find money in addition to the $5 million that pre-sumably will remain in the NSF budget.
Finally, I would like to stress the international aspects of the inte-grated research programs before calling on my colleagues to speakto other aspects.
The document that we have prepared has a series of nine maps whichidentify the main centers of focus and identify the international con-necting lines of nine of our IRP's.
Without going into details, I think it is quite apparent that we havedeveloped a very definitely international effort, that we have—par-ticularly with the Latin Americans—a great deal of cooperative re-search planned or ongoing. As I have said before to this committee,I cannot overemphasize the importance of working cooperatively withthe Latin American scientists where we can.
We are working as scientific equals, not just bringing them up hereto give them the training, so they can go back and be like us. Instead,

29-576--69----3
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we go down and work with them, and this is what much of our work
is directed to.
I think the payoff will be more than scientific because as I said

before, if we can upgrade basic science in Latin America, we can do
a great deal toward political stability in Latin America. Scientific
advancement should lead to a better climate for the political stability
that is certainly lacking in some parts of Latin America today.
Without going into great detail, I think you can see that we do have

a really international program. I would like to point out also that
we have just published a description of the U.S. participation in the
IBP. This is a document called Report No. 3, part 2. We can make
copies available for the committee, but I won't introduce it into the
record, because it is a lengthy document. This document identifies the
integrated research programs of the United States, and identifies IBP
related research projects. In addition, the International Secretariat for
the IBP has just published an index of the international projects. This
is contained in a series of eight numbers (13-20) of the so-called IBP
News.
The latter set of documents includes an indexing of the entire world

effort of the IBP which now includes 57 countries. Actually, some of
the developing countries are still joining. The last two to join just in
the last few weeks were Malawi and Panama, so even the very small
developing countries are still joining the IBP effort.
Another thing that I should mention, is that as a part of the IBP

effort, a committee has been formed to make a feasibility study for a
global network for environmental monitoring.
There are many efforts more or less coordinated today to develop a

world network for meteorological studies of one kind or another. This
IBP committee is looking at the total picture, not only of the physical
parameters, such as CO2, temperature, and so forth, but it is also look-
ing at the possibility of monitoring biological communities, genetic
qualities physiological processes and so forth. This committee con-
vened a meeting recently, where we had representation of the greater
part of the U.S. expertise in this field. Similar studies are being done
in Russia by a second member of our international committee, and in
Sweden by the third member.

Eventually, there will be a report made to the International Council
of Scientific Unions. So, this is one of the things relative to global en-
vironment that has developed from the IBP.

Lastly, the IBP is having an effect on what you might call tech-
nological development. Our group in the IBP in the United States has
had three discussions with representatives of the World Bank concern-
ing environmental problems that may result from major development-
al projects. Now, at their request we have scheduled for May 23 a semi-
nar with about 60 of the top people in the World Bank to talk about
the environmental effects of developmental projects.
Where is the expertise? Where could they go to get the kind of ad-

vice on the environmental matters that they get on engineering mat-
ters whenever a major project is considered?
Chairman MILLER. Where will this be held?
Dr. BLMR. Here in Washington.
Summarizing what I have said, it seems to me, we have a reasonable

estimate of what we should spend and can profitably spend on the IBP
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in this country in fiscal 1970. This is the sum of $15 million, which re-
ceived a great deal of consideration by our own committee, by people
at the National Science Foundation, and by the Bureau of the Budget.
I would like to emphasize again that we are thinking in terms of

support for the new kinds of integrated research projects. Now, the
United States is going to get whatever program it can bring itself
to pay for. I think this has to be said. We are going to have some kind
of program in the United States, we already have one. However, I
would hope that we can get the best that our scientists are capable of
providing.
We have moved to a definite position of world leadership in this in-

ternational effort, and I would hate to see us have anything but the
best we can buy. One would like to cite one illustration of the effect
our leadership has.
To the international committee that coordinates the worldwide

studies of terrestrial production under the IBP, has reclassified its
system of indexing projects to take into account the fact that there
are the big kind of ecosystem studies that are being done in the United
States. Several other countries have reoriented their programs to fol-
low the pattern established by the U.S. studies. Chile is one. Some of
the European countries have also moved in this direction. This is what
our leadership means. We are in a position of world leadership, and
I hope we can stay there.
Now, I would like to ask Dr. Fred Smith, who is the head of our eco-

system analysis program, to say a few words of where we stand with
respect to that major program.
Mr. DADDARIO. Dr. Blair, before we do that, you mentioned as an

aside the needs of the various agencies of Government to generate
within themselves the enthusiasm necessary to participate in this
program.
Why did you bring that up?
Dr. BLAIR. I brought it up because I really would like to see that $10

million that was identified in the NSF—BOB document somewhere in
sight or at least some part of it in sight. I feel that this is urgent. We
have come up with what we think is a rather reasonable package of
what we can do if we had the sum of $15 million in new money in
fiscal year 1970 for the integrated research programs.
Just identifying one of the projects in one of the agencies and say-

ing this is contributing to IBP, this is not going to do it. 1/Ile are still
talking about new money that contributes to the IRP's if we really want
to put this program on the road.
Mr. DADDARIO. Some of that new money can generate itself. It doesn't

take much of a turn in the direction for them to come up with new
and imaginative programs or to go on to greater depth in the past.
Dr. BLAIR. That is right.
Chairman MILLER. Doctor, I was very much interested in what you

had to say about South America. I was looking through these maps.
I see there is a great deal of interest because you indicated you find a
receptive atmosphere?
Dr. BLAIR. In most of the countries we find an enormous amount of

enthusiasm. I can mention particularly three countries. In Colombia,
as a result of our involvement with the Colombians, five of their uni-
versities are working together, and a sizable group of their scientists
are working cooperatively with our own people who are working there.
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There is no question at all in my mind that in Colombia we are going ito see a major step forward in basic environmental science. The same s

true in Argentina and Chile.
Chairman MILLER. How about Venezuela?
Dr. BLAIR. We are also cooperating with them, but perhaps to a

lesser degree. There is no antagonism at all, and the emphasis on
Colombia resulted in part from the fact that we found in Colombia a
group of youngsters ready to go, and most of them are considerably

younger than you and I 
Mr. CABELL. They were just babies; weren't they?
Chairman MILLER. The reason I asked, Doctor, last year, some of

us went down for the dedication of a telescope in Chile. We were asked
to come back through Venezuela. So we spent a night in Caracas.
We visited their Institute right outside of Caracas and found a

great deal of enthusiasm and desire to cooperate at this particular
place.
Dr. BLUR. There is. I didn't mean to imply at all that there wasn't

cooperation in Venezuela. We have had close coordination with the
Venezuelan National Committee for the IBP and there has been
parallel planning of projects.
Chairman MILLER. Of course, South America is a place where you

need these studies.
Dr. BLAIR. We certainly have hopes of seeing this as a long-con-

tinuing program. We are developing a few centers down there so we

can get North Americans, and anybody else who wants to go there
working with the Latin scientists. As a result, the Latin American

countries can expand the training of their graduate students in their

own centers.
Don't bring them up here, but do it down there.
Chairman MILLER. Well, I hope that if Congress gets out in time

I might induce my good friend on the left to take his committee down

and visit some of these places.
Dr. BLAIR. I think it would be a very good trip.
Mr. DADDARIO. Dr. Smith.
Dr. SMITH. Thank you. I appreciate this opportunity to address the

committee. First I would like to document the reality of our estimates

for funding requests in fiscal 1970, since we are responsible for half

of the IBP total, and I would like to introduce for the record our 26-

page program report which condenses all of the information on the
program since its inception in 1966, and carries through our funding
plans into 1971.
On page 16 there are the budget estimates for 1970 and 1971. First

of all, under the requested fiscal year 1969 column, the first two re-

quests have been granted, but the others are pending and will come
out of 1970 funds at this time, raising the total to nine different pro-
posals that we expect to generate during fiscal 1970.
Now, of these, the grasslands proposal has already been submitted,

and is being negotiated at $1.8 million instead of 2.2, so that adding

on the leftover funds of 1969 and deleting the cuts in the grasslands
proposal, we are now expecting to ask for about $7.5 million this year.

At the present moment three of these proposals are pending at NSF,
and four more exists as proposals and are in the process of IBP re-
view. This review is just completed for two of them while the other
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two are just starting. This leaves only two that are not yet in draft
form. These two are $900,000 in coniferous and $2.25 million in
deciduous.
As example of where we stand, the coniferous forests have a small

management proposal pending. They have an active group at the mo-
ment of 78 scientists from 19 agencies and institutions representing
nine States.
They have identified the sites for intensive study, which is in a small

region of Washington and Oregon, and the major source of personnel
for these studies, which are primarily from the University of Wash-
ington and Oregon State University. Other studies are planned in
California Utah, Nevada, Colorado, Montana, Idaho and Alaska.
And so the actual plan for the coniferous study is well in hand, and

we don't think it will take them too many months to come through with
a proposal. As a demonstration that this can be done, the desert group
received their management support in February of this year, and they
already have in final draft the proposal for $1.7 million.
The desert proposal emerged from the aggregate interests of 280

scientists that asked to participate in the desert study. A selection of
154 scientists from nine States, representing 32 institutions and. agen-
cies, have constructed a virtual federation of scientific talent from all
of the desert States.
Their research design is adapted to the fragility of the desert in that

they have broken the components of study among six different areas
so that they will not be destroying the areas worked on. These sites
are in Washington, Idaho, Utah, Arizona, New Mexico and Nevada.
In the tropical forest study we have a new director of the Univer-

sity of North Carolina, Dr. Lieth, who has a great deal of experience
iin South America and s multilingual so he can work very well there.

In fact, he was in Columbia recently at a conference where they asked
him to chair their sessions. The $80,000 proposal indicated in the table
has turned out to be $95,000 as it goes into the second draft, and in-
cludes cooperation between North Carolina, Georgia, the Smith-
sonian, Battelle-Columbus, and Michigan in the planning of research
programs. They will be working very closely with the IBP committees
of Latin American countries.
Now, as a second point, I would like to discuss agency support for

this program. Because in fact we enjoy very strong support from many
areas including the Atomic Energy Commission, the Agricultural Re-
search Service, the Forest Service et cetera.
We are using their facilities. i‘Te are using their equipment and

manpower. I think it would be excellent if these agencies documented
this to show the level of their present support of the IBP.

It would run into several million dollars, but I want to stress a8
Dr. Blair did this does not constitute part of the money we are look-
ing for. What we are looking for is new money in terms of logistic
support.
I might add that the educational institutions also have an input

into this program that has not been documented. We have made a
study in our program and found that for every dollar we spend we
can ideRtify about $2 of additional support. We have spent about
$50,000 of grant funds developing the program, and when we evalu-



34

ate the effort of over a thousand scientists that have participated it

is well over $300,000 worth of the time of university personnel.
With respect to funding, as I said, we are asking for half of the

$15 million for fiscal 1970, but in fiscal 1971 the analysis of ecosystems
will be asking for $14.3 million, and can't operate in all six biomes

at less than that.
And a new issue confronts us. The IBP ends in 1972, and it will

not be extended. If this schedule is pushed off 1 year, then the
development of some biomes will be too late to be realistically a part of
the IBP. Very shortly we are going to have to take another look at what
we can call the IBP and what will have to be delayed until after
the IBP is over with.
Mr. DADDARIO. Dr. Smith, how should we proceed taking into con-

sideration your statement that the IBP will end in 1972 and will not
be extended? How will the work that has been started go on?
Dr. SMITH. I don't think any of us expect these research develop-

ments to come to an end in 1972. The UN has scheduled a meeting
in 1972 
Mr. DADDARIO. You stress the point that it will end in 1972 and not

be extended.
Dr. SMITH. The thing that worries me is what we tell other coun-

tries what we are doing in the IBP, that we are working in these six
biomes, and if we are not going to do this, I think we should tell them
that pretty soon. Our approach of using systems techniques is being
adopted across Europe, and they are looking to our people for lead-
ership in this area. This has already happened in three of the biomes,
although two of those are not yet funded in this country, and it seems
to me we have a managerial problem. Can you call something a part
of the IBP if it doesn't exist in the IBP?
Mr. DADDARIO. I think this is something you people who are man-

aging the program have to decide. I get the feeling that as the need
for doing this work is better and better understood; as you get more
support for it in Government, as in fact you have, and as you develop
the manpower and improve the planning which has been criticized in
the past, that the opportunity to do more is quite apparent especially
in the area that we talked about.
Dr. Blair gives me some reason to be enthusiastic by his saying that

we have assumed a role in leadership, even in these circumstances of
somewhat limited financing, and that other people are looking at us
to see what we are doing and are supporting us.
Dr. Blair has said Chile is working in this biome area as a result of

the work we have done. This would indicate to me some reason for
optimism rather than pessimism.
I bring this up because I get the opposite feeling from you than

what I get from Dr. Blair, and I would like to see how we can sort
this out so that we know where we are headed.
Dr. SMITH. Well, I am very optimistic on the long-term develop-

ment on this type of work. Jam sure it has a future.
But the kinds of biome studies we are planning can't be half done.

You cannot study half a system and come up with a study of the
system. It is our responsibility to make the judgments as to which
geographical region is turned off. Where one of these is involved in-
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ternationally their role will have to become more advisory than
participatory.
Mr. DADDARIO. Well, it appears to me from the testimony you have

taken your experience with the desert biome which was building up the
identification of studies in the coniferous forest area, and adopted
this to your deciduous area. As you are able to bring in the manpower
in the overall support covering many important institutions and
geographical areas of the country, you will step by step develop a
mechanism to put studies in shape so that they can get support in and
out of Government.
This is. work that needs to go on, and this would be a reason for us

to be optimistic, and plan ahead. We shouldn't at this stage say it is
not going to be supported. We haven't reached a point where we can
come to that determination.
At least, that is how your testimony appears to me.
Dr. SMITH. Well, the grasslands biome is now able to go ahead with

a program. But I should point out the deciduous forest group have
had some programs ready for funding for nearly a year. What worries 

ime s that we are going to ask for money faster than it is available
under the present funding picture.
All six biomes are actively organizing, and it only takes about 6

months to go from early planning to a major proposal, once you have
reached this critical mass of people. And I worry that we are going
to have to tell two or three biomes, you can now just sit and wait
another year or 2 years until funds are adequate.

Certainly the NSF at the present time does not have the capacity
to support six biomes.
Mr. DADDARIO. Dr. Blair.
Dr. BLAIR. I would also like to introduce Dr. Milan, who is the pro-

gram director of our Eskimo program under the human adaptability
part of the IBP.
Mr. DADDARIO. Dr. Milan.
Dr. MILAN. I am from the University of Wisconsin. I would like

to speak briefly about the international study of Eskimos, discuss the
multiagency interest shown thus far in our program and state that
each nation participating in this program is supporting its own re-
search.
The aim of this 5-year program is to elucidate the biological and

behavorial processes responsible for the successful adaptation and
slow population growth of approximately 70,000 Eskimos in an arctic
environment. Eskimos are resident in Siberia, Alaska, Canada, and
Greenland; therefore international cooperation is needed to carry out
a meaningful study.
In the planning phases of this program, which started in May 1966,

we held a meeting in Ottawa; this was followed up by a meeting in
Winnepeg in April of 1967, and finally a meeting at Point Barrow,
in November of 1967. We invited to this meeting at the Naval Arctic
Research Laboratory at Point Barrow delegates from six nations.
The purpose of this meeting was to convene a working party to
hammer out the actual methods of carrying out our study of Eskimos.
What initially was to be a joint United States-Canadian effort became
an international study of Eskimos at the Point Barrow Conference,
and it was to consist of scientists of four nations: Denmark, Canada,
United States, and France.
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France was involved because French scientists from the Museum
on Man in Paris have been studying the Eskimos on the east coast
of Greenland at Angmagssalik since 1934.

This initial planning phase was supported by money for this
purpose already made available to the International Biological Pro-
gram. This amounted to perhaps $10,000 for these three meetings. The
ONR picked up the tab for our 6-day visit at Point Barrow. We be-
came operational last summer according to schedule. The Air Force
Office of Scientific Research (OAR) provided a $25,000 grant. The
National Institute of Dental Research (NTH) issued a $6,000 contract
to support dental research. The ecology branch of the Smithsonian
Institution provided $3,500 to pay for physiological studies. The
Wenner Gren Foundation of Anthropological Research provided
$4,000. The arctic branch of the Office of Naval Research provided
logistic support worth about $5,000. The National Youth Council of
0E0 provided five Eskimo teenagers to work with us. The Bureau of
Indian Affairs and the Alaska National Guard let us use buildings at
Wainwright for establishing an examining clinic. With this approxi-
mately $40,000 we were able to have a 19-man research team represent-
ing five universities, one State laboratory of health, and one foreign
country (Italy) at our site for about 6 weeks.
In Canada, at the same time in the summer, they were being sup-

ported by the National Research Council, and they got their research
team into the field at Igloolik. In Denmark they received money from
their government through the Nordic Council, and they carried out
comparable research at Upernavik in Greenland.
Then the initial field phase started last summer. We are now in the

initial analysis phase. We had a meeting in Toronto in October to
discuss the results of last summer, and my transportation and expenses
were paid by the Canadians who also supported the participation of
the Danish delegate. We are going into field operation again this
coming summer, and our research is being supported by General Medi-
cal Sciences, one of the National Institutes of Health. This amounts
to about $115,000 which is about 60 percent of the money we feel we
actually need to carryout a good study.
At our site i, which s in northern Alaska, we will have a Canadian

physician, a Soviet geneticist, and a Finnish scientist who is an oph-
thalmologist. We have planned a symposium at the annual meeting of
the Association for the Advancement of Science in Boston in Decem-
ber of 1969, when we will have 1 day at the symposium devoted to pre-
senting initial results of our respective studies.

Finally, in conclusion as I see it, the practical result of this study
is immediate health and 'dental benefits to Eskimos who are important
minority citizens in Alaska, Canada, and Greenland.
These studies will also encourage international cooperation in scien-

tific research. Further, we will actively train a number of future scien-
tists, since graduate students will take an active part in these studies.
Thank you.
Mr. DADDARIO. Dr. Milan, the meeting at Point Barrow, you re-

ferred to as one where 10 nations participated.
Dr. MILAN. Six.
Mr. DADDA1UO. You invited 10 and six came; is that how it worked

out
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I understood you to say you called 10 nations and it worked out you
developed a four-country: cooperative program.
Dr. MILAN. Yes. We invited eight nations, because we invited the

Soviet Union, but the Soviet Union said they couldn't send a dele-
crate. Somebody told me afterward that they didn't actually have suffi-
cient time to respond to our invitation. We invited Finnish participa4
tion, but none from Finland came. They are involved in studying
the Lapps in Scandinavia. So, we had Danes, Norwegians, Americans,
Canadians, Japanese, and a Swede.
Mr. DADDARIO. Well, my question is if you have eliminated other

participants ?
Dr. MILAN. That is right. We want to study circumpolar peoples

on a cooperative basis. But since a lot of these circumpolar peoples
are locked up in the Soviet Union, we have to get permission to get 

iinto the Soviet Union. In order to attempt this n the future, we have
invited a Soviet scientist for this summer.
Mr. DADDARIO. Dr. Blair, this seems to fall more in the category of

enthusiastic support from other agencies, is that correct ?
Dr. BLAIR. Well, I would not like to give the impression that we

have not had enthusiastic support for other programs. For example,
our pilot studies in Latin America were initiated with support from
the Air Force Office of Scientific Research, and various other agencies
have been very enthusiastic. I would like to single out the Forest Serv-
ice as one that has been very cooperative. But the point I would like
to make is that there is an untapped source of support.
Mr. DADDARIO. Any questions on this matter, gentlemen?
Mr. BROWN. Could I inquire of Dr. Milan how broad this Eskimo

study is? I gather you are investigating eyes, teeth, and other critical
characteristics. Is it limited to aspects of physiological nature or does
it extend to cultural and historical factors? Can you outline just how
broad you are making this study?
Dr. MILAN. We are interested in studying human adaptability in the

broadest meaning of the term; we know that these Eskimos have lived
in the Arctic for about 10,000 years. We know they are living in an
environment that is fairly rigorous as far as we are concerned and is
characterized by limited environmental resources. We known this en-
vironment will only support a limited number of people. For exam-
ple
' 

in 1890, according to the census of that year, on the north coast
of Alaska there were less than a thousand people. Well, we feel that
we cannot study human adaptability in detail unless we utilized a
multidisciplinary approach, so we have scientists trained in a number
of different disciplines—such as anthropology, demography, genetics,
cardiology, dentistry, epidemiology—and we focus their specialized
talents on one community. This community numbers only 308. The
ratio, then, is one scientist for each 15 Eskimos.
We study such things as family histories genealogies and ma-

ting behavior. We are interested in the amount of inbreeding.
We are also interested in dental health. We did complete dental

examinations took chest X-rays for tuberculosis and evidence of car-
diac disease lower extremity X-rays for bone growth', and we brought
back a lot of biological specimens with us: blood and urine, which is
being analyzed in various laboratories for genetic markers, antigens,
and the effect of 24-hour sunlight on the excretion of urinary electro-
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lytes. After we finish our research in Alaska, we are going to compare

the results here with results of studies in communities in the other

parts of the Arctic region to see if we can sort out genetic effects from

environmental effects.
Mr. BROWN. Is this untouched by technology factors?

Dr. MILAN. Not really-. The Yankee whalers on the north coast of

Alaska after 1850 hybridized some of the Eskimos, and by 1968 we

found that there were about 56 of the 308 persons who were not 100

percent Eskimo. They were hybrids. And, of course, the Bureau of

Indian Affairs has had an elementary school there since 1904.
In addition, there is a radar station 5 miles away across the tundra.

It is one of the distant early warning stations that has been there

since 1953. So there is a certain amount of contact with people such

as ourselves.
Nevertheless, the people are Eskimo. They speak the language,

maintain an Eskimo culture, and get 75 percent of their nutritional
intake through hunting.
Mr. BROWN. I see. To really have comprehensive data it would seem

you really have to have a study that includes a fairly long timespan
here so that you can determine and get some indication of the changes
that have taken place over time. I assume you have attempted to
project backward as far as you can, and this would be a study that
would continue sometime in the future.
Dr. MILAN. Yes. We figured our part will last 15 years. We know

quite a bit about the prehistory of these people. We intend to carry
out some more ecological investigations, and looking at the cultural
remains and osteological remains we can tell a great deal about the
people in the past, of the evolution of these people that occurred long
before we got there.
Mr. BROWIV.There is no written history, I presume.
Dr. MILAN. No, sir. There is no written language.
Mr. DADDAIUO. Is that all you have at the moment, Dr. Blair?
Dr. BLAIR. I believe that presents our position fairly well, Mr.

Chairman. I think it all comes back to money.
Mr. DADDARIO. We will toss it over to you, Dr. Carlson.

STATEMENT OF DR. HARVE J. CARLSON, CHAIRMAN, INTER-
AGENCY COORDINATING COMMITTEE FOR THE INTERNATIONAL
BIOLOGICAL PROGRAM, AND DIRECTOR, DIVISION OF BIOLOGI-
CAL AND MEDICAL SCIENCES, NATIONAL SCIENCE FOUNDATION
SUBCOMMITTEE ON SCIENCE RESEARCH AND DEVELOPMENT;
ACCOMPANIED BY DR. BOSTWICK KETCHUM AND DR. PHILIP
JOHNSON

Dr. CARLSON. Mr. Chairman, I would like to introduce Dr. Ketchum,
and Dr. Johnson, from my staff, and I hope any questions that I
can't answer that they will ably step into and answer the questions.
Mr. Chairman, members of the subcommittee, the Foundation ap-

preciates this opportunity to appear again before this committee re-
garding House Joint Resolutions 589 and 625. I believe we are all
part of a very encouraging dialog in this forum, by which the legis-
lative and executive branches of the Federal Government are able
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to interact with the scientific community. It is clear that many indi-
viduals have worked hard to develop the research programs of the
International Biological Program. Science prides itself as prospering
by self-criticism. It is that same spirit of constructive review that
this committee has helped to foster in the public arena. In our judg-
ment IBP has established a very commendable research program of
great importance to the Nation and the world. We share the growing
enthusiasm of the scientific community for the U.S. participation in
IBP as well as the concern of the participants for funding delays.

Previous testimony before this committee during the IBP hearings
of May 9, June 6, and July 12, 1967, and May 1 and 2, 1968, and during
the authorization hearings on March 26, 1969, as well as such support-
ing testimony as the joint House-Senate colloquium on ecology, July
17, 1968 have quite adequately developed the purpose, the scope and
initial developments of IBP. U.S. participation in the International
Biological Program is conceived of in three phases:
Phase I is a 3-year development phase to stimulate ideas, approaches

to manpower and initial funding;
Phase II is a 5-year operational phase, during which the research

programs will be executed
Phase III is a synthesis, evaluation and application period in which

the results from different programs can be correlated and suitable
applications implemented.

Inevitably these three stages overlap, however, phase I is now
largely completed. It is likely that many portions of this kind of re-
search should be continued after the official termination of IBP.
It is also evident that incorporation of fundamental knowledge

generated by this international program is already influencing and
stimulating thinking within the scientific and academic community.
Application of the relevant data to major problems facing man will
not await the termination of IBP and will certainly continue long
afterward.
The Foundation's interest and enthusiasm for U.S. participation in

IBP is based upon the fact that the knowledge sought is urgently
needed and the research proposed is fundamental and innovative
science to be undertaken through a challenging multidisciplinary
approach.
The ecosystem analysis programs in particular are actively solicit-

ing participation of Federal scientists and, through memorandums of
agreements, are using Federal research facilities such as watershed
installations, stream gages, controlled access experimental lands and
certain research buildings. The Foundation finds this sharing of
capital assets by university and Federal personnel to be in the spirit of
a 1968 report by the committee entitled "Utilization of Federal
Laboratories."

Responsibilities for U.S. participation in the IBP:
The IBP is not a program among nations and participation is

not therefore a direct function of governments. Rather, it is a program
of the international scientific community. Each country develops its
own patticipation through appropriate scientific committees and seeks
its own financing. Now that the U.S. IBP program is well developed,
and, in fact, entering an operative phase with an optimistic outlook
for increased funding, a number of management responsibilities need
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further clarification. In refining and partitioning these responsibili
-

ties, the Foundation accepts the following premises:
One. U.S. participation in the IBP is desired by both the 

Federal

Government and the scientific community;
Two. Development of scientific programs and their coordina

tion

with other international IBP activities is best achieved by a respon
-

sible set of scientists rather than by Government representatives;
Three. Responsibility for the proper use of congressionally appro-

priated funds necessarily rests with the Federal agencies;
Four. The Foundation is designated as the lead Federal agency for

the IBP by the Office of Science and Technology;
Five. The success of IBP is a commitment of both the Foundation

and the National Academy. It is now clear that successful achievement

in IBP can be fostered only by cooperation of both NAS and NSF.

The U.S. Executive Committee for IBP was organized under the

auspices of the National Academy of Sciences in 1965. This committee

of six members holds primary responsibility for formulating, de-
veloping, and coordinating the scientific program. Its present revised
and streamlined committee structure now seems to be working effec-
tively.

National Academy of Sciences is the sponsor of the US/IBP com-
mittee and furnishes a Secretariat to support the Executive Commit-
tee, Program Coordinating Committee, International Coordinating
Committee and Biometeorology Panel. This Secretariat (1) performs
appropriate staff functions for the above coordinating committees in-
cluding the screening of on-going research projects for appropriate
inclusion in the US/IBP; (2) manages publicity and public informa-
tion as directed by the Executive Committee, and (3) coordinates its
activities with the Foundation and appropriate other agencies.

National Science Foundation is the lead Federal agency for the
US/IBP. As lead agency it has organized an Interagency Coordinat-
ing Committee to affect liaison with the various Government agencies.
The Foundation or other cognizant agency evaluates and funds or

declines those proposals for integrated IBP research recommended
by the US/IBP Executive Committee. Those programs which are
funded will be administered and monitored in accordance with the
regular practices of the funding agency. Individual research proposals
designated as IBP related are processed in the same manner as any
other research proposal.

• The responsibilities for various aspects of the IBP within the Foun-
dation are assigned to the division director, biological and medical
sciences. He also serves as chairman of the Interagency Coordinating
Committee for the IBP. The Foundation has also created an addi-
tional program within the section of ecology and systematic biology
and staffed it with appropriate professional scientists to carry out our
response to IBP.
The Interagency Coordinating Committee, composed of 21 mem-

bers representing six Federal departments and five independent agen-
cies, will consider Federal policy issues regarding the IBP and re-
views the annual contract to NAS/NRC for support of the IBP Sec-
retariat. It is the purpose of ICC to advise and exchange information
on IBP, particularly the ongoing related research which each agency 
supports and the developing integrated proposals appropriate to their
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particular agency's mission. Table 3 lists the interests expressed by
the member agencies in particular research programs, but without re-
spect to their ability to fund such research.

EVALUATION PROCEDURES

In considering the status of IBP at this time, it is, I believe, useful
to sketch the review procedures to which a major integrated research
proposal is subjected. Since the organization of purposeful and meri-
torious programmatic research is sufficiently more complex than the
individual research proposals commonly processed by the Foundation,
several minor adjustments were necessary in the review procedure.
In the fall of 1968 the U.S. National Committee instituted a review

system. Previously major program proposals were sent directly to
funding agencies and concurrently to the IBP Secretariat. The Foun-
dation now processes major program proposals after review and rec-
ommendation by the U.S. National Committee. We are confident that
much better proposals are now presented for funding consideration.
The Foundation developed and the IBP Secretariat distributed a

set of four criteria which are desirable for evaluating major program
proposals. These criteria are:
Criteria for review of major IBP proposals

1. Each program proposal should demonstrate that it is necessary
to group a set of research projects in space and time in order to
achieve the scientific goals of the Program. That is, convincing argu-
ments must be presented to show that support of individual, independ-
ent research projects would not achieve those goals. The whole, in
this case, must be greater than the sum of its parts.

2. Substantive, operational questions of general scientific signifi-
cance must be posed in order to give coherence and direction to the
suite of research projects in the Program. Without such questions in-
dividual projects will tend to go their separate ways, thus placing the
ultimate goal of the Program in jeopardy.

3. Each proposal must describe a system for coodination and rapid
exchange of information and data among investigators so that each
participant will profit from the efforts of others as the work proceeds.
4. Each proposal must provide a means of synthesizing the results of

the several projects. Otherwise, the hoped for higher-order goals of
the Program will be jeopardized.
We note that these criteria or very similar ones have also been

adopted by the portion of the international IBP concerned with ter-
restrial productivity programs throughout the world in the various
participating countries.

FUNDING CONSIDERATIONS

During this fiscal year and since the accounting furnished this com-
mittee in May 1968, the Foundation has awarded 13 grants in the
amount of $1,013,800 for IBP integrated research proposals—(table
1). Some of these funds were obtained by reprograming scientific re-
search project grant funds into the IBP.
IBP proposals for major programs now before the Foundation

total over $6.4 million.
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Mr. DADDARIO. Do you mean by this, Dr. 
Carlson, that these pro-

posals have gone through the process of havi
ng been examined, and

are now the kind of programs which you believ
e deserve support ?

Dr. CARLSON. Not all of them have received a 
complete review, Mr.

Chairman.
In addition to funds provided by other agencies

 in support of the

National Committee, three major programs, or 
parts of programs,

on human adaptability are now funded annual
ly as follows: adapta-

tion of Eskimos populations—National Institute of 
General Medical

Sciences, $117,000; population genetics of the 
American Indian—

Atomic Energy Commission, $150,000; and ecolo
gy of urban and

migrant peoples—National Environmental Health Instit
utes, $188,000.

The Grassland Biome received support from AEC,
 $50,000. Other

agencies have contributed very real support in the form o
f cooperating

scientists, land or logistic support.
It is clear the $5 million requested by the Foundation f

or the IBP

will not support the whole program. Certain agencies have 
been able

to support specific research programs closely related to th
eir mission

interest. The ICC has attempted to identify the interest of the
 agencies

in particular IBP programs in two ways: Appropriate agenc
ies have

been asked by the IBP Secretariat to assist in listing ongoing re
search

which should be designated as IBP related projects. This lis
ting is

maintained and published at intervals by the IBP Secretariat. Sec-

ondly, each agency was asked to identify those major IBP program
s

in which it was interested because of content, but not with respect

to its funding ability. That listing is tabulated below (table 3).

There are mechanisms for transfer of funds between agencies. Most

of the funds tabulated in table 2 for support of the U.S. National

Committee were transferred to the Foundation and then placed in a

contract to the National Academy of Sciences. The question of inter-

agency support of the IBP seems to be not a question of new mech-

anisms, but rather of fiscal and program flexibility to employ such

mechanisms.
In summary, Mr. Chairman, may I say that the Foundation, fol-

lowing a special study of the IBP completed last fall, is satisfied with
the course and progress for the IBP. We have been most gratified
by the cooperation of the Agencies which comprise the Interagency
Coordinating Committee for IBP.
Further, the Foundation is confident that both substantive scientific

programs and appropriate management are evolving. The Foundation
envisions that the output of this innovative research will establish and
stimulate team approaches to environmental and ecological sciences at
fundamental as well as applied levels.
We are confident that the results of IBP research will help to pro-

vide the necessary platform of basic understandings on which society
can base solutions or alternative activities to cope with ecological
problems.
(The tables referred to follow:)
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TABLE 1.—Projected fiscal year 1969 funding by NSF for Integrated Research
Programs

Support of U.S. National Committee  $125, 000
Ecosystem Analysis:

Grassland Biome   451, 000
Desert Biome  20, 200

Convergent and Divergent Evolution  100, 100
Aerobiology   51, 700
Upwelling   04,200
Biogeography of the Sea  171, 500

Total   1, 013, 800

TABLE 2.—Tabulation of support of the U.S. National Committee by member
agencies of the Interagency Coordinating Committee for IBP, 1965-69

Operation of ad hoc NAS—IBP Committee and SCIP contribution, fiscal
year 1965:
NSF   $40,400

Operation of ,USNC and SCIBP contribution in fiscal year 1966:
NSF   125, 000
NIEI   60, 000

Total   185, 000

Operation of USNC and SCIBP contribution in fiscal year 1967:
NSF   113,800
AEC   50, 000
HEW:

NIII   35, 300
PH S   30,000

USDA:
ARS   20,000
CSRS  5,000
FS  13,000

D/  20,000
DOD:

AFO SR   10, 000
ARO  10, 000

Smithsonian  5, 000

Total   312, 100

Operation of USNC and SCIBP contribution in fiscal year 1968:
NSF   165, 000
AEC   43,000
HEW: PHS-NIH  86, 000
NASA   31, 000
Commerce: ESSA  7, 000
DI  7,300
USDA:

ARS   20,000
CSRS  8,000
FS  13,000

Smithsonian   5, 000

Total   385, 300

Operation of USNC and SCIBP contribution in fiscal year 1969:
NSF   125, 000
AEC   43,000
USDA:

Fq  12,000
ARS   22, 000
CSRS  6,500

Smithsonian   2,500

Total   211, 000
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TABLE 3.—Expressions of interest in particular integrated research proposals

by member agencies of the Interagency Coordinating Committee. The founda
-

tion has an interest in all of the programs.

IRP

A. Environment Component:
1. Analysis of Ecosystems 

Grasslands  
Deciduous Forests 
Desert  
Coniferous Forest 
Tropical  
Tundra  

2. Convergent/Divergent Evolu-
tion (including Hawaii)  

3. Aerobiology  

4. Upwelling 
5 Biogeography of the Sea 
6. Biological Control* 
7. Phenology 
8. Physiology of Colonizing

Species  
9. Marine Mammals* 
10. Conservation of Genetic Ma-

terials  
B. Human Adaptability Component:

1. American Indians 
2. Eskimos  
3. High Altitude People 
4. Nutrition  
5. Urban and Migrant Peoples_
6. Chronobiology*  

*Developing or potential programs

NOTE.—Key for symbols used in tables 2 and 3:
AEC: Atomic Energy Commission.
AID: Agency for International Development.
AFOSR : Air Force Office of Scientific Research.
ARS: Agricultural Research Service.
ARO : Army Research Office.
BCF: Bureau of Commercial Fisheries.
CPEHS: Consumer Protection Environmental Health Sciences.
CSRS : Cooperative State Research Service.
DOD: Department of Defense.
ESSA: Environmental Science Services Administration.
FDA: Food and Drug Administration.
HEW: Department of Health, Education and Welfare.
NASA: National Aeronautics and Space Administration.
NIH: National Institutes of Health.
NIMH : National Institute of Mental Health.
NSF: National Science Foundation.
ONR: Office of Naval Research.
0E0: Office of Economic Opportunity.
PITS: Public Health Service.
SI: Smithsonian Institution.
USFS: United States Forest Service.
USDI : United States Department of Interior.
USAF: United States Air Force.
USA: United States Army.

Mr. DADDARIO. Dr. Carlson, when you asked appropriate agencies to
assist ongoing research, which should be designated as IBP related
projects, what do you get? Is it really asking for new innovative pro-
°Tams or is this just a regrouping of work already going on which
would continue notwithstanding IBP support?
Dr. CARLSON. I believe that the latter is correct.
They have complied with the IBP National Committee in listing a

group of ongoing research programs.
Now, in answer to your first question, Mr. Chairman, I believe

that there really is a sincere interest on the part of the agencies. In

Interested agencies

NASA
AEC, ARS, USFS
AEC, USFS
AEC, ARS, USFS
USFS
AEC, SI, USA, USFS
AEC, AID, SI, USDI, USFS

AID, SI
AEC, CPEHS, DOD, ESSA, HEW,
NIH, ONR, USA

AEC, BCF, SI, NASA, ONR
BCF, NASA, ONR, SI
ARS, SI, USFS
AEC, ARS, ESSA, NASA, USFS

ARS
NIH, ONR, SI, USDI

ARS, NIH

AEC, NIH, SI
AEC, NIH, PHS, USAF
NIH, USA, USAF
ARS, FDA, NIH, 0E0, USA
CPEHS, NIH, NIMH, 0E0
NASA, NIH
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our recent ICC meeting last month, we examined each one of the
Integrated Research Programs, and we asked if the agencies really
had a sincere interest in each program, in the research proposed and
in the supposed results that might become of interest to their agency.
The interest volunteered by each agency is included in table 3.
As I stated, Mr. Chairman, to you in March, I am convinced that

there will be participation by various agencies in the form of new
money, but the one thing that we all have to understand is that there
are certain types of priorities within each agency and there are
certain commitments that they have for their funds. After congres-
sional action on the budget requests of the several Departments and
agencies, then I look forward to some further participation in IBP
with new funds. How much, I can't tell you.
Mr. DADDARIO. Dr. Smith has touched on the planning that has gone

into various of these ecosystem programs. How do you see our sup-
port for these programs taking into consideration what he has
said? Are those programs so advanced in their planning that they
will rim ahead? In fact, the money is available for them. Do they
still need to go through a planning phase and a review to get them in
the kind of shape, that means that we still have sometime to work on
them?
Dr. CARLSON. Can I ask Dr. Johnson to respond and then I will

add some comments?
Dr. JOHNSON. Mr. Chairman, our experience with the proposals for

these biomestudies, the six to which Dr. Smith referred, is that they
are progressing more rapidly than we anticipated a year ago, and I
think, he is correct in stating that they are developing at a rate faster
than we see funds developing.
Mr. DADDARIO. How does that leave us with moneys available toward

the proposals being made? Can you give the committee some judg-
ment about which of these have reached the point where you will give
them support, which ones should be supported above the others?
Dr. JOHNSON. We have placed funds of major proportions in the

Grasslands program as you are aware. We have placed money in the
Desert biome. The judgment decision here is not which biome is of
greater interest to the Foundation or to the Nation, but rather a ques-
tion of the chronology in which these projects arrived at a state where
they were ready for funding.
In response of the question you raised, stemming from Dr. Smith's

comments, I think we face serious questions of judgment in trying to
place priorities on which biomes should go forward at a given level
within the limits of restraint caused by available dollars.
Mr. DADDARIO. Then you attribute merit to each of these proposals?
Dr. JOHNSON. Yes, sir.
Mr. DADDARIO. And overcome your problem of choice by taking them

up chronologically?
Dr. JOHNSON. That is the way they have come to us. We have not

been able to respond to the six in concert, and therefore we have not
placed priorities on them.
Mr. DADDARIO. How does this affect the work going on in these areas

in other countries? Do you attribute the same serious concern that Dr.
Smith does, insofar as what it may or may not do in terms of the work
other countries will do?

29--576--69-----4



46

Dr. JOHNSON. I agree with Dr. Smith that the U.S. IBP program
has had an impact on the international scene, and is in a sense being
looked at very seriously for incorporation into the programs of other
nations. The effect of a lower amount of funding than might be desir-
able to operate all six of these biomes, on programs of other countries
is, I think, premature to pass judgment at this point.
Mr. DADDARIO. But as we go along, as you see these programs de-

velop, as funds become available for their support, and if they do fall
out of the time within which the International Biological Program is
presently scheduled for, does this mean that these programs could not
continue, or that they could not get international support within that
period which would be meaningful?
Dr. JOHNSON. That is certainly a realistic appraisal. I think we

must note that these six biomes are not in any sense individual pro-
grams. They are part of a plan which the IBP has been developing,
that all six of these were intentionally programed to operate in dif-
ferent parts of the country and have feedback to our general under-
standing of principles of how ecosystems operate. We can best realize
those (roes by having efforts ongoing in the six biomes, so that concur-
rent data are compared rather than data taken in separate decade or
5-year periods.
Mr. DADDARIO. Can you see the funds available for this—there was

some $71/2 million coming out of your present plans, including the
moneys that you are requesting and those which could be applied to
this work from other agencies as being put together in a meaningful
way to come to this total to do all these things in this coming year?
Dr. JoHNsoN. I think it is a responsible statement to say, that $7

million cannot easily be envisioned in the present status of the budget
of the Foundation. As to the amount that can be supplemented from
other agencies, clearly until their budgets are further down the road
in the dget processing, the agencies are not willing to commit them-
selves, and I am not sure that we can appropriately anticipate what
funds they will be willing to employ in this program.
Dr. CARLSON. Mr. Chairman, may I comment on the International

aspect. I think one of the real moves in the right direction, and I am
sure you will hear this tomorrow, regarding the Canadian grassland
program, is a good dialog between our grassland scientists in Colo-
rado and those in the Canadian grassland program. Doctor Smith
will have to say either "Yes" or "No," but the Mexican scientists are
also involved. There is a good give-and-take in this international co-
operation; although it is not large at the present time, I think it is
expanding.
Mr. DADDARIO. DO you say "Yes," or "No," Dr. Smith?
Dr. SMITH. I say yes.
Mr. DADDARIO. Dr. Carlson, just one further question:
With the Foundation and the National Academy working closely

together, the understanding I have from your statement, is that you
put this all together and do all of the reviewing ?
Dr. CARLSON. Yes, sir.
Mr. DADDARIO. Then pass it to this Secretariat who administers

the programs?
Dr. CARLSON. No, sir. The Secretariat of the Academy is a working

group of individuals that take care of all of the many administrative
problems of the U.S. National Committee for the IBP and all of



47

their subcommittees. When a proposal is submitted to the Foundation,
and the AEC, or the NIH, it is evaluated according to the procedures
that we had already set up to take care of such proposals. If it
passes merit, it is then funded, a grant is made to an institution, and
in the case of the grasslands program, the institution is Colorado
State University, and they administer the funds.
The Foundation and the AEC monitor this program very care-

fully and closely, but it is not the Secretariat that has anything to do
with the funds once we award the grant to an institution. For instance,
in Dr. Smith's program, the grant was awarded to the University of
Michigan, and he has used these funds to operate his committee for
development of the ecosystem analysis program. The Secretariat has
no real function as far as the funds are concerned, and, if I implied
this, I surely did mean to within my statement.
Dr. BLAIR. I might add something to what Dr. Carlson has said,

and that, is, each of the integrated research programs, even though
one individual is the responsible individual for a grant from an
agency, each program has developed management groups which are
advisory in nature to the program manager. We have four Latins and
four U.S. people on the advisory group for convergent and divergent
evolution and these people do act in an advisory capacity to the pro-
gram director.
Mr. DADDARIO. Mr. Brown.
Mr. BROWN. I am interested in the very strong expression of in-

terest shown in your table 3 by the various agencies of the Department
of Defense. In fact, the majority of the programs show some interest
on the part of the DOD, and yet I notice that not since fiscal year
1967, has there been any financial support. And that was of a very
modest nature.
Dr. CARLSON. That is right with respect to support of the U.S. Na-

tional Committee for IBP.
Mr. BROWN. Now, do you have any anticipation that this interest

could be translated into funding to any of the various agencies in the
DOD in view of the fact that they have a rather substantial budget,
although I understand there are pressures on them as well as other
agencies?
Dr. CARLSON. This is very true. They have a large number of re-

search programs to which they are more or less committed and again
their priorities must be considered. They did indicate at the last meet-
ing of the Interagency Coordinating Committee that there wasdefinitely an interest in certain research programs, and it is a matternow of waiting and seeing whether they will come through withfunds, and that is as far as I can say, Mr. Brown, at this time.
Mr. BROWN. I was struck that the great concern (of the scientificcommunity) about the effects of Air Force operations in the forests ofSouth Vietnam, in fact the total ecology of South Vietnam, throughthis use of sprays.
Dr. CARLSON. Yes.
Mr. BROWN. Obviously this is a situation which deserves some addi-tional research. An understanding of the ecology of the types of re-gions in which they are using these kinds of agents would be very help-ful to the Air Force, it seems.
Dr. CARLSON. Right.
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The only way I can answer this, Mr. Brown, is that there are
scientists that sit on the Interagency Coordinating Committee. They
are interested in a number of these IBP programs, as well as the one
that you bring up specifically, I am sure that they do have an interest,
because many scientists throughout the United States and the world
have become concerned with defoliation and the use of those types of
substances in our environment.
Mr. BROWN. Well, I don't want to press that point.
I noticed that the AEC shows a consistent interest in a number of

these programs and have provided some actual funding.
Dr. CARLSON. Yes, sir.
Mr. BROWN. Can you explain to me their greater financial interest

in these things, than the DOD?
Dr. JOHNSON. I think, Mr. Brown, the AEC has been, very early hi

their charter, interested in the whole environment, because of the im-
pact of the activities they were carrying out.
I speak of fallout activities, and, therefore, they have had scientists

on their staff interested in the ecosystem approach, and one will find
in laboratories operated by the AEC superb groups of ecologists work-
ing on the same kinds of things that we are trying to do in IBP.
Mr. BROWN. Thank you. That is a direct correlation of AEC activi-

ties, is that correct? Specifically, they are trying to correlate their in-
terest in American Indians and Eskimos with the Atomic Energy
Commission. Is that just because of interest on the part of the scien-
tific community in the AEC, or is there a direct relationship of your
studies of Eskimos and Indians and the AEC?
Dr. JOHNSON. I think both of these circumstances apply. As you

are aware the Eskimos in Alaska have been concerned with the effect
of fallout in Alaska, and the high body burden of radioactivity has
caused the AEC to pay special attention to this group. They have been
interested in Alaska because of activities in the Plowshare program
that have been planned for Alaska, so I think both the interest of the
AEC staff and their charter led to this interest in IBP.
Mr. BROWN. Following up on this, I think it is true that in every

major installation of a nuclear type the question of environmental
effects has always arisen. It has been the contention of many of the
scientists associated with conservation groups and others that inade-
quate attention had been made to the total environmental effects of
the heat pollution effects of nuclear discharge, if any, and things of
that sort. It is understandable that the AEC, since it is directly in-
volved with providing the fuel for these installations, would have the
concern for these environmental effects.
I am wondering if their concern has been as broadly based on these

ecological programs as it should be?
Dr. CARLSON. I really think it has, Mr. Brown, although I cannot

provide the dollar basis for these ecological programs of the AEC.
The laboratory at Oak Ridge, for instance, has a large group of ecolo-
gists that are concerned with large forest plots, and the director of
this program is Dr. Stanley Auerbach, from Oak Ridge; and they
have also encouraged this participation in the international biologi-
cal program. Oak Ridge National Laboratory has been carrying one,
ecological research programs for a number of years.
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Mr. BROWN. Well, I think this may be related in some fashion to
the kind of issues raised by the Hughes organization in Nevada with
regard to the deep testing going on there. There could be presumably
some ecological effects as well as possible effects on earthquake faults.
I think Hughes is raising these questions because of a feeling that there
has not been adequate research. I would like to see what efforts AEC
makes in order to answer these questions, because they are of rather
fundamental importance.
Dr. CARLSON. Right.
Mr. BROWN. So far the budget proposals in this area have been

reviewed by the incoming administration so that what we are receiving
here in terms of indicated or expected support does have the approval
of the new administration?
Dr. CARLSON. The $5 million requested by NSF has been examined

by the incoming administration, and the President did allow our
budget without cuts.
Mr. BROWN. Without cuts?
Dr. CARLSON. Yes.
Mr. BROWN. You can't speak as authoritatively, I suppose, about the

other agencies?
Dr. CARLSON. No, sir unfortunately, I can't.
Mr. DADDARIO. You will be able to ask that question tomorrow.
Dr. KETCHUM. Mr. Chairman, may I answer one inquiry about the

AEC's interest in this ecosystem type of approach.
If Dr. Blair will forgive me, I would like to add an addendum to

one of the figures he presented. In the upwelling program, he has not
indicated Woods Hole participation. I was there over Easter week-
end and 10 Woods Hole scientists, who are supported by the AEC, were
returning from Peru, and 10 were leaving to work in this program in
Peru. The AEC has had a marine project at Woods Hole for about
a quarter million dollars a year for many years. The objective is to
study what happens to elements in the ocean, with the ultimate aim
of finding out what would happen to radioisotopes if released. It
could be as waste disposal, fallout, accidents, and ships have a way of
running into each other, and so forth. There is always a potential of
a release accidently into the marine environment.
Mr. BROWN. Such was the release of the submarine that went down

in the Atlantic.
Dr. KETCHUM. So far as I know, there has been no release of radio-

activity to the ocean. Two large atomic power plants are sitting on the
bottom of the Atlantic, southeast of the Azores and the other just south
of the gulf of Maine.
I would also like to add that the participants indicated in Dr. Blair's

map in the upwelling program from San Diego, are also mainly sup-
ported by the Atomic Energy Commission in a program that is quite
similar to the one that they are supporting at Woods Hole. They are
supporting ecosystem analysis-type investigations, both in the terres-
trial and in the marine environment.
Mr. DADDARIO. Dr. Ketchum, that is as it ought to be, because ob-

viously the ecologists working under the Atomic Energy Commission
must`have an overall involvement. They simply do not confine their
activities to the byproducts with which the AEC is concerned. This
calls attention to what Dr. Blair has said, that there is an opportunity
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for involvement, and in fact, a broader opportunity to engage these
people in other productive uses which at the same time can help pro-
vide data for their own mission objectives.
Dr. KETcHum. I may say that I interpret your statement to mean

that we must study the entire ecosystem before we can evaluate what
effect a new activity may have on the ecosystem.
Mr. DADDARIO. Mr. Yeager.
Mr. YEAGER. Dr. Blair, on your chart there you show 10 or 11 agen-

cies, and Dr. Carlson suggests 3 or 4 that contribute funding. Is it
correct that these others are supporting in services, facilities, and
scientists, rather than money?
Dr. BLAIR. Not entirely. There are some discrepancies between our

two sets of figures. For example, under divergent evolution, which I
know well, I know we have USAF listed, and not in Dr. Carlson's.
Mr. YEAGER. Could you provide us 
Dr. BLAIR. We could collate these and provide you a better answer.
(Information for the record follows:)

NATIONAL RESEARCH COUNCIL,
NATIONAL ACADEMY OF SCIENCES NATIONAL ACADEMY OF ENGINEERING,

Washington, D.C., May 26, 1969.
DEAR MR. YEAGER: During the hearing on H.J. Res. 589 on 6 May, Dr. Blair, in

response to a question by Congressman Daddario concerning agency participation
in the IBP, stated that he would provide a collation explaining the apparent
differences between his (Dr. Blair's) and Dr. Carlson's listing of agencies (page
5, line 8 of the transcript for 6 May).
The listings referred to were statements of opinion. Dr. Blair's listing (page 10

of his statement) was his own; Dr. Carlson's listing ( table 3 of his statement)
summarized individual opinions of members of the ICC/IBP. Neither listing
was intended to reflect financial participation by the Federal agences in the
IBP—IRP's.
The most accurate summary of financial participation by the Federal agencies

in FY/68 and FY/69 is shown in the table on page 9 of Dr. Blair's statement for
this hearing. The agencies include NSF, AEC, Agriculture, the Smithsonian,
DREW, Department of Air Force, Interior, Department of Army, and AID. The
Wenner-Gren Foundation and several universities and colleges also participated
financially in FY/68 and FY/69 in the U.S./IBP—IRP's.

Sincerely,
RICHARD II. OLIVER, Staff Officer.

Mr. YEAGER. One other point, Dr. Carlson: Do you know or could
you determine whether or not the NSF study on the IBP, which was
submitted to the Bureau of the Budget, could be made available for
the committee's record?
Dr. CARLSON. Yes, sir.
Mr. YEAGER. Could you find out?
Dr. CARLSON. I have inquired about that, and I do have permission

to provide you with copies of the special study.
Mr. DADDARIO. Thank you, gentlemen.
This committee will adjourn until 10 o'clock tomorrow morning at

the same place.
(Whereupon, at 12 o'clock noon, the committee was adjourned, to

reconvene at 10 a.m., Wednesday, May 7, 1969.)
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WEDNESDAY, MAY 7, 1969

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND ASTRONAUTICS,

SUBCOM1VIPrrEE ON SCIENCE, RESEARCH, AND DEVELOPMENT,
Washington, D.C.

The subcommittee met, pursuant to notice, at 10:00 a.m., in room
2325, Rayburn House Office Building, Hon. Emilio Q. Daddario,
(chairman of the subcommittee) presiding.
Mr. DADDARIO. This committee will come to order.
We are pleased today on the second day of our hearings on H.J. Res.

589, which is a joint resolution urging the support of Federal depart-
ments and agencies, as well as other persons for the International
Biological Program, to have as our witness Dr. Lee DuBridge, Direc-
tor, Office of Science and Technology, and Dr. N. E. Gibbons, vice
chairman, Canadian national committee for the IBP, and to have this
meeting coincide with a visit of the Special Committee on Science
Policy of the Canadian Parliament with the chairman being the Hon-
orable Maurice Lamontagne, and the vice chairman, Donald W.
Cameron.
This is a Senate committee which will not only be with us today, but

will sit with us tomorrow so we can exchange dialog about our methods
of operating techniques and their's, and in this exchange I think we
will find a great deal that will be beneficial to each of us in not only
what we are presently doing in the area of science and technology
from a parliamentary point of view, and what we might expect to do
in the future. I would also expect that we might find some continuous
activity which would allow us, as it would be proper for us to do, to
keep in touch about these problems ahead, because most certainly in
Canada and the United States, where technology is growing rapidly, it
is having a tremendous effect on every phase of life that stems from
both government and private activity. We must do much better than
we have in the past in the management and administration of our re-
sources, which is the whole objective.
The opportunity we have has been added to, as I have said, by the

presence of Dr. DuBridge, who is now the science adviser to President
Nixon, a person from whom we have had advice over the course of
time which has been extremely helpful to the committee from the time
of its formation to the present. We have been exceedingly grateful to
him over these years, and have looked with great pleasure on his ac-
tivities since he has been science adviser. We believe he has added great
streRgth to the administration in this extremely vital area.
Mr. Chairman.
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Mr. MILLER. Well, I would like to join in what you have just said,
to welcome our guests here. I am very happy to see Dr. DuBridge here.

I may say for their benefit Dr. DuBridge was head of the California
Technological Institute, which operates the Jet Propulsion Labora-
tory. JPL has made part of our space program possible and jet planes

in general.
I am very happy to see Dr. Gibbons here. He brings me a message

from my brother-in-law, who happens to be engaged in the same field
that he is in and I am very happy that you gentlemen, the Canadian

Senate, can be here today. Now we will go on and give you just a little
preview of how some of these things happen.
Mr. DADDARIO. Dr. DuBridge, if you would, please, come forward,

and proceed with your testimony.
Dr. DITBRIDGE. May I ask Dr. King to join me?
Mr. DADDARIO. If you would. We also welcome Dr. Donald King, and

are happy to have you with us.

STATEMENT OF DR. LEE A. DuBRIDGE, DIRECTOR, OFFICE OF

SCIENCE AND TECHNOLOGY

Dr. DUBRIDGE. Mr. Chairman, Congressman Miller, and gentle-
men, it is an honor to be here this morning, especially in the pres-
ence of our distinguished Canadian colleagues, because as you will hear
later the Canadians have been most effective in pursuing work in science
related to the International Biological Program, and the relations on
this between America and Canada have been very cooperative and will
be very fruitful. The Joint Resolution 589, which is before your com-
mittee is, of course, an expression of interest and confidence in the work
of the International Biological Program. It goes further than that in
providing legislative authority to the various agencies to cooperate with
each other in the United States to forward the goals of this program,
to provide exchanges of people or funding where this is appropriate,
and I hope because of the international nature of this program to assist
in encouraging the various agencies of Government to allow and en-
courage the travel of U.S. scientists to other nations as we seek collab-
orative effort in this area of biology, particularly in those areas of

interest.
I 

that are of global impact and 
I was not involved in the development of the International Bio-

logical Program originally. I have seen the effort and enthusiasm for
this effort that was shown by others, and particularly the enthusiasm
shown by this committee, all of whom are interested in improving the
basic sciences as the first elements of the programs are becoming op-
erational as they are today, it is clear that careful planning has been
necessary for a program of this type.
Mr. DADDARIO. Dr. DuBridge, I do think it is worthy, of comment

that last year, when your predecessor, Dr. Hornig, appeared before
this committee we were advised of their feeling about the necessity
of additional planning, and of their recommendation that we not
support it on a line-item basis in any considerable amount at that par-
ticular time, but to give it the opportunity to fill in its planning.
They expected from what they had seen at that time, that the next
year would be the time in which that could be done. I believe that their
observations in that regard have been correct.
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The information we have had through staff activity and other kinds
of testimony prior to yours also shows a tremendous amount of ac-
tivity and progress. We are convinced at this stage of their activities
that the planning manpower needs have been adequately filled in to
the projects which have been proposed to us.
Dr. DIIBRIDGE. Yes, I think you are correct that a year ago the

planning was still in its elementary stages. It is a big and complex
program. Biology is a complex subject, and the world is a large place,
and to find out those things in biology, which are appropriate and
feasible to do has not been an easy task.
There are many things going on in biology in this country that

have important international interest. To consolidate any group of
programs into the IBP has taken a good deal of thought and a good
deal of planning, but now the work is underway. With the help of the
National Academy of National Sciences and of the National Science
Foundation, the focusing of the planning has been complete.
Now, planning has to be continued for a long time. This is not the

kind of program that is going to be done in a year or 2 or 5 or 10,
and planning for the future is underway, and must remain under-
way.
After reviewing the records of previous IBP hearings before this

subcommittee, I am convinced that you deserve a very considerable
share of the credit for the successful launching of the U.S. program.
You have already developed a thorough record of the IBP's formula-
tion and progress. At the risk of redundancy I would like to review
the current situation regarding the IBP as I see it.
First, the international response to the Program has been varied.

The U.S. effort compares favorably with those of others. In contrast
to most other countries, the United States has developed a structured
effort with a central core of projects specifically designed to meet the
objectives of the International Biological Program. "'should say that
the Canadian programs have been excellent and fine programs have
been carried on by our neighbors across the border.
The integrated research programs that make up the core of the U.S.

IBP efforts crystallized from a large number of proposed research
efforts. They were painstakingly developed by committees of com-
petent scientists under the aegis of the National Academy of Sciences.
The IBP is unique in several respects. It represents a major new

kind of undertaking for the biological community in that it requires
the coordinated efforts of scientists from diverse disciplines who are
accustomed to highly individual research projects.
This is not like the International Geophysical Year, requiring one

type of collaboration. This requires more diverse types of activity.
Further, the Program is addressed to improving, on an unprece-

dented scale, our understanding of human adaptability to the environ-
ment and our knowledge of natural systems. In view of the multiplicity
of programs that are directed toward improving man's welfare, it is
difficult to estimate the contribution the IBP will make, particularly
in those areas concerned with the environment. We should not, of
course, except that a scientific program such as IBP will provide the
solutions to environmental management problems. Nevertheless, I
believe that" the IBP is the type of scientific endeavor that will con-
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tribute basic information that can be used to develop methodolgy for
effective management of the environment.
I feel that activities within the U.S. IBP effort are properly the

interest of several Federal agencies. The scientific talent and support
of agencies should be utilized when IBP objectives coincide with
agency missions. Some minor adjustments may be necessary in relevant
agency programs to make them more compatible with IBP objectives.
Multiagency interest and responsibility has made necessary. special

organizational and management arrangements to provide funding and
Federal oversight for the IBP. As you know, an Interagency Co-
ordinating Committee, chaired by NSF has been established to co-
ordinate Federal participation in and support of IBP.
Mr. DADDARIO. Dr. DuBridge, I have been concerned, and I wonder

what your feeling is about how other agencies will participate in the
future. We are fearful in the judgment of the listing of programs in
other agencies as IBP, that they are just a continuation of what has
already been done, and that the need to redirect or to develop inno-
vative programs for accomplishing IBP objectives is not.
Dr. DI7BRIDGE. Well, I recognize both of these problems. I know

there are biological programs underway both nationally and interna-
tionally, and I think that these worthwhile programs should be con-
tinued, but that they are related to the general purposes as well as to
the new programs. A major IBP policy is to get new programs under-
way, or programs altered as to their style so they fit into the IBP.
One can say that all biology is international biology. It relates to
every human being all over the world, but that isn't the purpose of
designating this particular program. It is an opportunity to select
programs which are feasible and important, and the impact on the
environment is clear, and hopefully, direct.
I don't think I can answer your question more fully than that, un-

less Dr. King might give some specific answers to some of the specific
programs in other agencies.
Dr. KING. I think it is a program that is related to many other on-

going programs, and what the agencies can allocate specifically to the
IBP depends on priorities and other agency missions.
Mr. DADDARIO. Well, the idea in these agencies, is that there will be

more significant involvement with IBP in the hope that if this might
be one of the objectives of the office of the Science Advisors.
Mr. MOSHER. Mr. Chairman, I am not sure this is the place for

this question, but Dr. DuBridge, I would like to know what your
view is on the wisdom of eventually establishing a Center for Ecologi-
cal Research? I think what we are talking about here today goes
beyond biology in any limited sense, and we are talking in the broader
sense about ecology. And certainly your statement indicates a strong
belief in the importance of the ecological approach.
Do you foresee the time when we should concentrate our national

efforts structurally in a new agency of that type?
Dr. Du-BRIDGE. A new Government agency you are suggesting?
Mr. MOSHER. Yes.
Dr. DuBRIDGE. I think this is one of the problems that faces any

new scientific enterprise, whether it is better and more productive to
have many institutions and organizations involved or to have a cen-
tral one. I am not against dispersal of programs in universities 
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Mr. MOSHER. Can you have the ecological emphasis and have
dispersal?_ 
Dr. DUBRIDGE. Yes. I think that is possible.
Of course, when you do not have dispersion you have the danger

of putting all the Federal funding into a center and not supporting
the other activities going on around the country. And this is one of
the fears that some people have, that by the existence of a central
agency you channel too much of the larger funding into it rather than
into the supporting activities in the country.

Nevertheless, a focus is often necessary. I don't think I can answer
yes or no, whether the time has arrived for an Ecological Institute.
Mr. MOSHER. I think we are going to have to think about this.
Dr. DITBRIDGE. You are right. I think it is something that should

be looked at.
Chairman MILLER. Doctor, I would like to draw a parallel between

this and oceanography. I had the pleasure to be the first chairman of
the Subcommittee on Oceanography. A very fine study, that the Acad-
emy of Science made was referred to us Mr. Mosher in another com-
mittee is now carrying out a lot of this work.
We found that oceanography was spread throughout the Govern-

ment, there was no thread, no connection, and no common meeting
place. One of the first things we had to do was set up .a data center
where we could keep tab on what seven different agencies of govern-
ment were doing, and correlate this information. Again, it wasn't an
attempt to center it all in one place. It was necessary to know what
was being done.

Isn't this true in the field of ecology? This concerns me a great deal.
We are seeing a lot of our natural resources destroyed. There are many
acres of rich land in San Joaquin Valley, in California. They are out
of production because they are saturated with fertilizer and deter-
gents. We go out and spray DDT over everything to get rid of certain
insects and kill the robins. We kill more than the robins.
Dr. Du BRIDGE. We do kill the bugs, too.
Chairman MILLER. Well, it is important to kill the bugs, but it may

be more important to let nature take its own course. I remember an
experiment that was made when I was with California Fish and Game.
We were going to take out all of the snakes. We cut out a piece of
property that was isolated where we could do this. Then, the rodents
immediately multiplied on the spot to where it was quite dangerous.
Don't you feel this particular field is the most important we have

to deal with? Can we take our time and say, "Well, we will take this
in our stride and let some private investigators do it."
I agree with you, we have got to get it into the universities. We

want more cooperation with them. But how are we going to bring
ithis about n this field of biology which generally was my experience

where you find people in different phases that won't talk to each other.
Isn't that true, Dr. Blair? [Laughter.]
.Dr: DITBRIDGE. That is correct. The coordination of disparate activ-

ities is very difficult. It depends on whether you are thinking more of
the basic science investigations that are back of the ecology or whether
you are thinking of trying to focus on what you already know.
We often do not uncierstand the total cost one agent produces on the

environment. I feel that DDT was a great invention which saved crops
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and prevented hunger, but we weren't aware of the way that it would
disperse so widely. We don't know how to take full advantage of it
and other insecticides. We would have greater crop destruction, and
spread of diseases by insects if we didn't have some sort of pesticides.
Chairman MILLER. You talk about these pesticide controls. The one

that kills the boll weevil has a great affinity for shrimp.
Dr. DUBRIDGE. That is why we need these ecological studies.
Dr. KING. May I add something here? I think an Institute of Eco-

logy is a difficult kind of thing to consider, and one of the difficulties is
arriving at what an institute is going to do. We have to decide wheth-
er ecology is a concept that embraces a group of sciences and within
it we do little things, keeping in mind this ecological overview, or
whether we attempt to tackle everything at once.
Mr. BROWN. May. I offer a comment at this point?
I gather we are discussing the problem of organizing efforts in this

field of ecology. From your statement, Dr. DuBridge, we are talking
about the broad problem of human adaptability of environment and
ways of developing a methodology for the environment. We have al-
ready, within the structure of the Federal bureaucracy, the Environ-
mental Sciences and Services Administration. Also we have within the
National Science Foundation two divisions: One of which is serving
to manage the IBP, and the other is designated as the Environmental
Sciences Division.
It seems to me that the question is how do we best bring order and

focus to the many activities already aimed at this broad program and
define their relative spheres so they operate efficiently and effectively
together.
I don't know if we are at the point, as you, yourself, have indicated,

where we can make this decision. But it seems obvious if we are to
avoid a proliferation of different and possibly competing operations
some thought should be given to this. You are in a position where you
need and can give this kind of thought. I trust at the proper time some
appropriate recommendations would be forthcoming from you.
Dr. DU-BRIDGE. Exactly. As Dr. King said, environment is prac-

tically everything. It includes everything from automobile exhaust to
DDT, to health problems, to effects upon our physical environment, of
strip mining, for example, and of building highways that are inade-
quately conceived from the standpoint of preserving the beauty of the
environment.
These are problems in chemistry, physics, mathematics, systems

analysis and all the rest.
Mr.

analysis, 
And politics [Laughter.]

Dr. DUBRIDGE. This is what brings it all together or tears it all
apart, I suppose, and therefore, when people are interested in using
the word "environment," they may attach these things which have
little relation to each other. Even if you confine yourself to these prob-
lems as the IBP tries to do.
In the field of basic research on these problems, there is always, I

think, undue fear of lack of coordination. Basically research people in
universities have a way of coordinating their work by publishing their
work, and no scientists are going to do the same work that has been
done. When it comes to applied efforts one must look at duplication of
efforts. It is important to find out what is happening in other
organizations.
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Mr. DADDARIO. Dr. DuBridge, I would like to add one further
thought: The questions that have been raised here all point not just to
how we manage our environmental and biological problems, but to
all our programs. I would expect from what you have already said, the

iwork of the IBP, if it continues developing and f properly supported,
can go a long way.
You have already said that this is a program that will not be done

in 1 or 2 years but will go on for 5 or 10. It represents a new under-
taking that requires coordinated efforts from those of different disci-
plines. We see multidisciplinary activity growing in a multitude .of
places where people unaccustomed to working in this way are begin-
ning to. We expect great progress will be made. As we go along, this
will fit into the pattern of what we need to do. As this is done, you will
be in a better position to make the recommendations and determina-
tions to the administration and the Congress as to what needs to be
done.
My question would then boil down to : Aren't we putting together the

necessary elements through which we can come to better determina-
tion as to how to better manage our resources in this area than we
have in the past?
Dr. DIIBRIDGE. Yes. I think that is the whole purpose, first to lay a,

foundation of knowledge, second, to apply it by scientists in this coun-
try, and finally, to collaborate with scientists in other countries. This
is the kind of a program that I must confess I do not have much ex-
perience in the operation of, and we have to feel our way in bringing
people together and focusing their ideas on the specific problems..
So it is a beginning of what we hope will be a long continuing

effort to really study the problems of the human being living on this
particular earth, with many human beings being added every year,
with each human being changing our living conditions and filling
up the environment with more and more things.
Mr. DADDARIO. Thank you.
Dr. DUBRIDGE. The problem of support for IBP efforts as they be-

come operational was a major point of a study performed by the Na-
tional Science Foundation last fall. In substance, the conclusions
pertinent to funding were that the Federal agencies should support
those parts of the Program that are closely related to their missions,
and that NSF should have funds available (1) to directly support
IBP activities; and (2) to transfer to other agencies, where appro-
priate, to supplement their support for IBP projects.
In the latter case, the lead responsibility for a particular integrated

research program or other IBP related project would rest with one of
the mission agencies.
. I agree that this is a desirable approach. It will permit multiagency
involvement and still leave with NSF the overall responsibility for
coordinating Federal support for IBP. The alternative is to provide
completely centralized IBP funding. This solution would be more tidy
and perhaps easier to coordinate but an important dimension of the
program would be lost—that is, the involvement of mission agencies.
As you know, there has been criticism of the planning, organization

and ipanagement arrangements made for the U.S. IBP effort. The
questions that existed undoubtedly contributed to funding problems
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in prior years. I believe that these earlier deficiencies have been over-

come, but that continued efforts are necessary.
As additional program elements are developed, one cannot help but

be impressed with the overwhelming amount of diverse information
that will be collected and must be digested if useful. conclusions are
to be reached. Great care will continue to be needed in designing ex-
periments and arranging for storage, manipulation, and most im-
portantly, utilization of research data.
The resolution with which we are concerned today is designed to

facilitate IBP support by Federal agencies other than NSF. 
As you stated when you introduced the resolution, Mr. Chairman, it

provides no new authorization or specific appropriation. You further
commented that: "This provision appears to be necessary in view of
the uncertainty of some of the departments and agencies concerning
their present authority to aid the IBP through the Interagency Co-
ordinating Committee for the IBP even though the amounts involved
are relatively nominal."
To the extent that the agencies involved may feel they do not have

congressional approval for supporting IBP activities—even though
properly related to their missions and funding authority—the resolu-
tion should help. In this sense, passage of the resolution could remove
a stumbling block to the development of the program. It clearly places
IBP in a position to compete on an equal footing with other programs
which the agencies consider worthy of support.
I am certain that no one envisions that the passage of this resolu-

tion will guarantee substantially increased funding for the IBP pro-
gram. However, I feel that, as the details of additional worthwhile
project elements are worked out, the chances are good that IBP will
be able to compete successfully for Federal funds.
The administration is requesting $5 million in the NSF budget for

the IBP. I share this committee's hope that mission agencies will be
able to participate in supporting the program. If the administration's
fiscal year 1970 budget is adopted, I believe the Federal support for
the IBP will be able to keep pace with the development of the tech-
nical and managerial aspects of the program.
Perhaps I can anticipate a question here to the effect that although

the system appears satisfactory, many IBP supporters would like to
know where and when additional funds will be provided for the pro-
gram. They could well point to the difference between amounts cur-
rently committed and those considered desirable for maximum
progress. 
I did mention earlier that as specific program elements have been

developed, IBP has held its own in competition for research funds.
I am certain that scientists interested in other programs, could make
convincing arguments for support of their concerns. So long as re-
soilrces. are limited, responsible individuals in both the executive and
legislative branches must weigh allocations for competing programs.
The modest level of IBP funding does not stem from lack of interest
on anyone's part. On the contrary, I believe that endorsement is wide-
spread. Sincere efforts are being made in both the executive and legis-
lative branches to advance the program, and these efforts will con-
tinue. The Office of Science and Technology will continue to sup-
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port the International Biological Program and maintain its interest
in the program's sound development.
Thank you, very much.
Mr. DADDARIO. Mr. Brown.
Mr. BROWN. I don't think I have any questions, Mr. Chairman. I

want to commend Dr. DuBridge for this positive statement of sup-
port for the program.
I think the question, as he puts it, revolves around some recent

judgments as to priorities and allocation of very scarce resources at
this point, and I think that he is well aware that in this committee, we
feel that this is a program of very great promise in terms of organiz-
ing a field of knowledge that is obviously becoming of major impor-
tance to successfully continue human adaptation to a wide range of
problems.
Mr. DADDARIO. Mr. Mosher.
Mr. MOSILER. I don't think I have any further questions. I certainly

welcome, Dr. DuBridge's positive support. Very helpful.
Mr. DADDARIO. Mr. Chairman?
Chairman MILLER. I would like to say that I appreciate Dr.

DuBridge's interest. As you know, gentlemen, Dr. DuBridge is an
alumnus of this committee. He has served well for many years, and
we will never let him get away.
So thank you, Doctor.
Dr. DUBRIDGE. It has been a pleasure for me to meet with this com-

mittee among old friends.
Mr. DADDARIO. Dr. DuBridge, I have one question that pertains to

the way in which you see the IBP developing.
You indicate, that the modest levels of support that presently exist

are in keeping with both the planning levels and the manpower capabil-
ities presently in existence and that there is a competition for funds
which come about because of restricted financing capabilities at this
time. How do you see its international effect, in not only the scientific
impact in other countries, but also in economic development. There
creeps into testimony, from time to time, the need that organizations
such as the World Bank have, for example, to go to these people, so
they can get information on which to base their planning. They do not
depend just on the economic situation, but on what the capabilities
might be for the development of certain types of activity within de-
veloping countries, and where they could put their funds for better
use.
How does that appear to you from an international point of view?
Dr. DUBRIDGE. Well, you are asking a physicist in a field of biology.
As I indicated, I think this is an experimental program. To explore

what we know, to explore what we can find out, and to explore ways
to improve the human condition. This, as I say, is an example of a new
kind of venture in the scientific world in which problems of national
and even global importance are emerging as problems that are now
possible to attack.
A number of years ago, we were not in a position to say we would be

able to attack these problems, we just didn't know enough. Now,
knowledge has advanced to the point where attacks can be made, but
knowledge is still inadequate to do everything that one would like to
do. Incentive to attack this on a global basis has enormously increased
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over the years, as we have become aware of the enormous environ-
mental problems that face us because of our increased population,
and the environmental problems around the world. We have come to
the point where we can put together the basic knowledge and the
objectives for applied science in a general attack. But we are just at
the beginning of this, and it seems to me, we will require a number of
years of experience as we try to bring in various international groups,
private and public, and work together. They will find the ways to
attack new problems. They will discover the things that are possible
now to do, and other things that take further research.
I think it might be a mistake to too rigidly lay out things for the

future, because, I think, it should develop as ideas accumulate and as
we become more aware of which are the most urgent of problems to
undertake.
We have to try to solve those problems where the knowledge and

ability are there to enable us to make progress. Therefore, I see this as
a developing program that will present to the Congress next year new
programs and international relationships which we can't see very
clearly now.
Mr. DADDARIO. Dr. DuBridge, I have been interested in a statement

Dr. Blair has made, not only in his testimony yesterday, but in the
past. He sees—in Latin America—people going there to work rather
than bringing their scientists here. Therefore IBP has the opportunity
of being very helpful in raising the scientific basis and the possibility
of developing greater political stability in those countries as a result
of this activity.
This appears to me to be an extremely important premise and one,

which has great validity.
Dr. DIIBRIDGE. Well, I certainly endorse that statement, and your

statement on it. I think international scientific collaboration is a
worldwide stabilizing influence of great potentiality. President Nixon
has said this on a number of occasions, that our worldwide collabora-
tion on scientific and engineering problems is something that the
United States ought to be keenly interested in, because of its value to
us, its value to improving our relationships with other nations, and its
value of solving problems of international scope and concern. There-
fore we should contact other nations and work together. It is a matter
of trying to examine the problem that others face, and adapting the
technology to fit.
I think a good many people thought that if other countries used only

our kind of corn and our kind of wheat that they could improve their
agriculture and this turned out to be false. Our strains of various
crops simply do not grow well in other countries, do not have the pest
resisters, and do not adapt to the climate, and often agricultural tech-
niques had to be adapted to other countries.
• The United States was very helpful in Mexico and the Philippines
in developing agriculture appropriate to the climates and habits of
those other countries.
This kind of mutual understanding of problems is very essential

and also very productive, but it requires an incentive on our part to go
and apply what we know in these other countries and we will learn a
great deal in return.
Mr. DADDARIO. Mr. Yeager.
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Mr. YFAGER. Yesterday, I believe, Dr. Blair stated that there was no
plan to extend the IBP beyond its expiration date in 1972, after that
what happens internationally may depend upon, in part, on a United
Nations program scheduled for about that time. Are you cognizant
about what is going on in the executive branch about participating in
that U.N. Conference when it comes, or can we be apprised of plan-
ning as it develops?
Dr. D CTBRIDGE. Yes; there has been talk about this Conference, but

what the planning has been—Dr. King can add to that.
Dr. KING. The Federal Council for Science and Technology's Com-

mittee on Environmental Quality has a subcommittee, chaired by a
representative from the State Department, involved in preparations
for the U.N. Conference on Problems of the Human Environment.
The same subcommittee is also involved with the followup on the
Biosphere Conference of UNESCO, which also provides for con-
tinuation of IBP-like activities.
Mr. DADDARIO. The chairman calls my attention, Dr. DuBridge,

about some recognition that you got from Wesleyan University,
which is my school, back in 1946. This is the third of the whole series
of degrees which you have on an honorary basis. I am happy that
Wesleyan saw talent. We certainly appreciate your testimony, and as
we always have, we have learned a great deal from you, Dr. DuBridge.
We appreciate your being here.
Dr. DUBRIDGE. Thank you very much.
Mr. DADDARIO. Our next witness, as I have previously said, is Dr.

N. E. Gibbons, vice chairman of the Canadian IBP.
We are pleased, Dr. Gibbons, that you are here. We have this dis-

tinguished group of Senators here today who are certainly as anxious
to hear about your program as we. If in the course of this they care
to ask a question they may do that.
Chairman MILLER. I might extend that same privilege to the dis-

tinguished Senator sitting in the second row.
Senator, I think you should know, under our rules the chairman

of the committee and the ranking minority member of the committee
are ex officio members of all other subcommittees. So when I am here
he wears the big hat and I wear the little hat.
Mr. DADDARIO. That is what he says.

STATEMENT OF DR. N. E. GIBBONS, VICE CHAIRMAN, CANADIAN
COMMITTEE, INTERNATIONAL BIOLOGICAL PROGRAMME

Dr. GIBBONS. Thank you, Mr. Chairman. Honorable Senators:
We are very pleased to be here to tell you something about the

Canadian program. I think you will find it somewhat different, or our
approach as being different in the United States. As far as the centers
are concerned, I think the IBP was mentioned in a very small part
in the national research report to that committee, and I do not think
they have heard it yet in detail.
As I am employed by a government agency I must say that I am

appearing here only as a member of the Canadian Committee for the
International Biological Programme—CCIBP—and not as a repre-
sentativq of the Government of Canada.

29-576-69 5
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I shall present a brief summary of IBP activities in Canada and will
be glad to enlarge on any items of interest should you wish.
The early indications were that IBP would be mainly concerned

with human welfare and a committee set up by the National Research
Council—NRC—in 1963 was weighted toward human physiology.
When the broader-based program for the IBP was outlined at the
first general assembly in 1964, the original committee was disbanded
and a new one constituted. The CCIBP consists of senior officials from

the Federal Government Departments concerned, NRC councilors and
representatives of a number of universities. This committee is the
policymaking committee and subcommittees on the working level were
set up for each of the seven sections proposed by IBP. Our program

is along official IBP lines and we have adhered to the sections

suggested.
The decision was made very early that we would support a limited

number of projects in depth rather than dissipate funds and manpower

in a number of small, unrelated projects. In this way, one or two new

projects in each section would be possible.
A program along these lines was outlined by the subcommittees,

approved by the CCIBP, a 5-year projection of costs provided and

discussed with Treasury Board officials. It was decided each Federal

Department concerned would finance its own contribution to IBP.

NRC would provide the national office, assume the responsibility for

planning and coordination through its CCIBP and for the financing

of university participation.
NRC has for many years been supporting research in universities

and last year, 1968-69, grants were made totaling $36 million in science

and engineering; of this $8.5 million was for biology in general.

These grants are made to individuals for projects of their choice.

For IBP grants, however, the subcommittees recommend the projects

and CCIBP approves them. Many of them are large, multidisciplinary

undertakings so a memorandum of agreement is signed with each proj-

ect director which indicates that the funds are to be used for the ap-

proved IBP study, how the funds are to be allocated between capital

and operating expenditures, that the work is to provide data for IBP

and that regular reports are required. On this basis, the CCIBP

made grants to projects totaling about $300,000 in 1967-68 and $880,-

000, in 1968-69. Our budget for projects this year is $1,030,000 and we

hope it will continue at about this level for the next 2 years
' 

tapering

off thereafter as IBP officially ends and projects are phased out. Dis,

cussions are now underway about the continuation of some projects

and the conservation aspects. The figures given are the NRC input by

university programs only. There is also a substantial input by par-

ticipating universities, Government laboratories and other agencies

of about double these annual amounts, making a total of approximately

$2 million, in 1968-69.
Mr. DADDARIO. Dr. Gibbons, these funds that go into the IBP, are

they separate and apart; if we take the 1968-69 figures you give us,

are they separate and apart from the 81/2 million from biology, or will
they be included in that figure?
Dr. GIBBONS. They will be included in that figure. It comes from the

National Research Council. It is a separate vote for university support,
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Mr. DADDARIO. The only difference, then, is the way that these pro-
grams are handled. You develop different guidelines so far as the
program director is concerned so that this work can be channeled to
the work laid out by the IBP program.
Dr. GIBBONS. That is true. In the usual grant the money is given

to a professor for a program of his own making; he conducts it as he
sees fit. We require the program to be carried out along IBP lines
and we demand reports so we know what is going on and can direct
it along these lines.
Mr. DADDARIO. But it follows along the same program so you can

get money into research.
Dr. GIBBONS. Yes; but ours is through the IBP committee of grants

on research.
Mr. DADDARIO. The leveling off over the years, how do you see that

at this stage of the game? Do you think it is proper that we would
reach the time when these programs would phase out, or do you see
the work that is being done given enough impetus, so it would develop
working arrangements between the United States and Canada, or
interhemisphere work which would provide funds for added work in
this area?
Dr. GIBBONS. Some of them will undoubtedly phase out with the

end of IBP. Some will carry on. Our Matador project, I am certain,
will carry through as there was considerable enthusiasm about the
Grasslands project. We have a midpoint review which will decide justwhat will happen to the project, whether it will carry on, or be phasedout. If it is going to be carried on, funding would have to be con-
sidered.
Mr. MOSHER. I notice in Dr. Gibbons' statement, that each depart-ment would finance its own contribution to IBP. How has that workedout in actual practice? Have the departments gone ahead and financedtheir own participation?
Frankly, the testimony we've heard indicates that in our own case,although the National Science Foundation has gone ahead, we havebeen a little bit concerned about some of the other departments,whether they would really take up the ball and run with it. What areyour departments doing?
Dr. GIBBONS. Well, they are not taking up the ball and runningwith it, Mr. Mosher. Some of them have. This comes out in the nextpart of the prepared draft-
Mr. MOSHER. I realize I may be anticipating some of your com-

ments.
Dr. GIBBONS. Yes. There has been excellent cooperation with some

departments, not as much with others.
Mr. MOSHER. It is spotty.
Dr. GIBBONS. Yes, it is spotty.
Mr. MOSHER. Now, one other question: You are about to tell us about

some of these specific projects, I judge.
Dr. GIBBONS. If you wish.
Mr. MOSHER. Is there a mechanism for coordinating those Canadian

projects with the work that is done in our country, and in other par-
ticipating countries, so you aren't duplicating? It is an effective
mechanism, is it?
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Dr. GIBBONS. In the cases where there is effective cooper
ation, yes.

In some, of course, these are quite specific studies. A fresh wa
ter lake,

for example, is studied as a unit, but can be compared with ot
her lakes,

if the methodology is comparable. This is another thing that
 I should

mention, that we insist that at least minimal IBP standards
 of meth-

odology be followed in these programs.
Mr. MOSHER. And you check to see that some person in 

the United

States is not doing something unnecessarily in duplication
?

Dr. GIBBONS. I think duplication will be hard to find, b
ecause en-

vironment changes so much. The idea was that it would be
 on a paral-

lel basis, that we are doing polar studies, you are doi
ng temperate

studies, others tropical studies, and so on.
Mr. DADDAIUO. Proceed, Dr. Gibbons.
Dr. GIBBONS. Now, a brief summary of our projects by 

sections:

In PT we have one major project which is a com
bined PT/PP

undertaking. The Grasslands Ecosystem at Matador, S
askatchewan

under Professor R. T. Coupland's direction has bec
ome one of the

most comprehensive terrestrial ecosystem studies in 
the world and

has attracted a great deal of interest. Matador has 
recently been de-

signed as an International Centre for IBP Grass
lands studies for

information and data storage by the IBP/PT Section. C
lose working

relations are maintained between the U.S. Pawnee 
grassland project

and Matador.
This project has taken about one-third of CCIBP's f

unds as a large

capital expenditure for the field station was neces
sary. At present

come 25 scientists and 50 others are involved in studies
 on energy flow

in primary producers, consumers and decomposers invo
lving soil mi-

crobiology, soil fauna, plant production above and belo
w the surface,

insect, bird and small mammal populations, soil physics, wat
er cycling,

photosynthesis, nitrogen fixation, and meteorology.

There are three fresh water projects—PF : Productivity an
d energy

flow in Marion Lake, Char Lake, and Eutrophication of Lakes. Cana
da

had been asked to include an Arctic lake but at the beginnin
g there

seemed little interest and Marion Lake was started, under Prof.

Ian Efford's direction, as a training programme. However, it is n
ow

a full-fledged study on productivity. Soon after it was establishe
d

Prof. F. H. Rigler of the University of Toronto indicated an interest.

in Arctic studies and, after a survey during the summer of 1967.

Char Lake, near Resolute, was chosen. Preliminary studies got 
under..

way last year and year-around studies will start this year. The third

project is being undertaken by the Fisheries Research Board (FRB)

at its Winnipeg Laboratory. It is under the direction of Dr. J. R.

Vallentyne.
Mr. MosHER. Could I interrupt at that point? I happen to live on the

shores of Lake Erie, in Ohio. I notice your project having to do with
the eutrophication of lakes.
Is there potential findings there that will be helpful to Lake Erie?
Dr. GIBBONS. I don't know if this is being done on Lake Erie at this

time. The effects of adding pollutants to small lakes and then studying
their recovery is being undertaken. There are also studies at the Great
Lakes Institute.
On the marine side, there are four projects, three of which are

manned and financed by FRB. One of these on the Strait of Georgia
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was started well before IBP began. It was accepted as it was definitely
along IBP lines. Other studies include a study of productivity in St.
Margaret's Bay, Nova Scotia, and one dealing mainly with secondary
production in Frobisher Bay, Baffin Island.
A CCIBP-funded study on the Gulf of St. Lawrence starts this

summer. This was given serious thought for some time as it is such a
large body of water that a study in the depth we would like for IBP
projects is not possible with the men and money available. However,
some studies on seasonal cycling will get underway with the coopera-
tion of three universities, the Government of Quebec Department. of
Industry and Commerce and FRB. An Oceanographic Identification
Centre has been established by the National Museum of National
Sciences at Ottawa to handle the samples.
In addition to the PP studies at Matador, there are several support-

ing programs: One, dealing with photosynthesis-productivity meas-
urements in young trees in a controlled environment was started to
provide background for a forest project. The main project has fallen
by the wayside but the tree photosynthesis project has provided useful
data, as have studies on nitrogen-fixing and other soil micro-organisms
in the proposed forest site.

This is an example where one department started off with some
enthusiasm, but the enthusiasm faded away.
Early in the program, also, the shortage of agrometeorologists was

apparent, and a training program was started at the University of
Guelph. A research program on photosynthesis, transpiration and
respiration of corn and other field corps, using both ecophysiological
and meteorological approaches complements this training program.
HA: The CCIPB supports one HA project—the study of Eskimos

at Igloolik, which is the Canadian contribution to the international
study in cooperation with the United States, Denmark and France.
Dr. D. R. Hughes of the University of Toronto directs the Igloolik
project and Dr. Milan of the University of Wisconsin is the Inter-
national Coordinator. Considerable progress was made last summer
and winter, and the scope will be expanded this year. There has been
close cooperation on the methods used at the three sites as well as an
exchange of workers and more is expected. Dr. Mayhall has made
dental examinations at Wainwright and will now examine the Igloo-

Eskimos. Dr. Hughes will be making anthropometric and anthro-
poscopic measurements, and Dr. MacArthur, psychological studies at
both Igloolik and Upernavik.
Two other projects have been completed: one on methodology

standardization and one on fitness of athletes. Three others are under-
way: Comparative studies in small isolated French communities in
Canada, the Antilles and Cambodia; dental, caranio and maxillo-
development of French-Canadian children; and fitness and growth of
Saskatchewan children. All of these were underway when IBP started
and are independently financed.
Our UM program has been slow getting underway. Two projects

are now being considered—some aspects of biological control of pests
and a study of plant gene resources and their conservation.
Our conservation program—CT—is very active. Ten regional

panelz are concerned with the check listing of presently conserved
areas and the preservation of typical and unique ecological areas. Ex-
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cellent cooperation is being given by Federal and Provincial authori-
ties and already several new areas have been designated as ecological
reserves.
In summarizing, there are now 19 projects in operation plus the

conservation program coordinated by CCIBP. These involve about
150 participants and an expenditure of about $2 million per
year. Of this, about $1 million a year is for new projects by universities,
carried out at the request of CCIBP upon the advice and under the
supervision of its seven scientific subcommittees, and funded by the
Canadian committee.
To date, some 20 papers have been listed as Canadian IBP con-

tributions, mostly from projects that were already underway when
they received IBP recognition.
I will be glad to answer any questions.
Mr. DADDARIO. Dr. Gibbons, do you see, as this work progresses,

that this undertaking has put a requirement on scientists to coordi-
nate their efforts as Dr. DuBridge has said from different disciplines
where they have been accustomed to individual research activity? Have
you seen the same kind of progress in these areas?
Dr. GIBBONS. This has been very noticeable at Matador where people

were used to working on their own in their own particular field. But
under the leadership of Dr. Coupland they have certainly gotten to-
gether, and are working together. This did take some doing, and I
think it took a dedicated and a good director. It can be done.
The same thing is shaping up at the Marion Lake project, and most

of the studies of fresh water are coordinated. And I think the polar
project is another good example where you have a great many types of
people and disciplines all working together very closely and well.
Mr. DADDARIO. Do you see this as positive? By supporting projects

which forces the disciplines to work together, we can see a better way
to handle some of the environmental problems.
Dr. GIBBONS. I think so. Because this is what ecology is all about.

I am not an ecologist, but I am learning a lot since I became involved
in IBP, and I think this has been the problem in the past, that too
many people had been working alone, and not thinking about the en-
vironment as a whole—even a small ecosystem, as a whole—and this is
what they are doing now. This may not be the best way of working
now, but it certainly is a start. We are getting people trained to look
at this, and using not only a concerted effort on a small system, but
also applying systems analysis to this sort of thing to help solve these
problems.
Mr. DADDARIO. Whether these are the best systems to work in is not

necessarily as important to the idea that through development of these
programs we will learn the techniques and methodologies that will
direct us to the use of many disciplines toward the problems which de-
serve this attention. We could not properly get a grip on these unless
we had done this work.
Dr. GIBBONS. As far as we are concerned, I think this is very much

the case. We would like to get a team up on the tundra, and we feel
that the training given on the grasslands project will be most valuable
for a total ecosystem approach.
Mr. DADDARIO. Mr. Chairman.
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Chairman MILLER. I want to thank Dr. Gibbons for a very fine state-
ment. I think he has given us a lot to think about in this field under
which we are all doing a little pioneering.
Thank you very much.
Dr. GIBBONS. Thank you.
Mr. DADDARIO. Mr. Mosher?
Mr. MOSHER. I don't have any further questions, Mr. Chairman,

but I would like to express my personal delight about this whole
situation. I think this a breakthrough that ought to be repeated. We
have a lot to learn from each other across this mutual border of ours,
and particularly in the scientific area. I think we should continue what
has been started here, to continue this relationship, this exchange.
Mr. DADDARIO. Mr. Brown?
Mr. BROWN. Dr. Gibbons, I think it is very difficult to compare

levels of effort between our two countries in this program. But it
seems to me you are indicating, or you have indicated about a $2 mil-
lion level of effort of this IBP. I wonder if it would be fair to say
that that represents at least the same level of effort as our program in
this country, which is a little difficult to attach a dollar volume to,
but which seems to be adding all the different components at a $10 to
$15 million level. Considering the size of your budget, it seems to
come out favorably for Canada. Would that be your reaction to
it?
Dr. GIBBONS. I don't think I should say. I don't do very much with

GNP's and so on, but I think from what I have heard, that ours will
be a little less than your effort.
Mr. BROWN. Well, as I said, it is a little difficult to draw a direct

comparison, but it certainly seems to me that it is not drastically out
of line with the effort in this country.
Mr. MOSHER. Will the gentleman yield?
Mr. BROWN. Certainly.
Mr. MOSHER. I notice that the chairman of the Canadian committee

is shaking his head. He is a distinguished economist and I suggest he
may want to say something on that question.
Senator LAMONITAGNE. If we compare this program with our total

scientific effort, I think we do more proportionately in Canada on the
basis of these figures. I understand your budget for research and de-
velopment in the United States is about $25 billion for all the United
States, including the private sector. Our figure is about $800 million
now, so if you compare the two I think that we proportionately devote
more money within our own science and research effort than you do.
Mr. BROWN. I think this is probably true, but I doubt if that con-

siders the very heavy component of military-funded research, which
is the major element in our program here.
I had another question about human adaptability. I was interested

in your study of small isolated communities in Canada. This has
nothing to do with French Canada's separatist movement in any way?
Dr. GIBBONS. I don't think so seeing that it goes on to the Antilles

and Cambodia as well. The interest is in small isolated groups that
have grown up, such as on the small islands in the Caribbean, and
which have been isolated for many years.
Mr BROWN. Well, I was being facetious. Actually, I am very inter-

ested in this type of study for a number of reasons. I am wondering
how broad your studies are.
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For example, do they involve any analysis of the sociology and the
other problems of these communities, and the prevalence of such so-
cial phenomenon, as crime, and war, in less isolated or more developed
economic community? .
Dr. GIBBONS. I am not sure of this one. We have had it studied by

our subcommittee, but I have not seen it discussed at our (CCIBP)
level. The dental program in Montreal certainly takes in the various
economic sections and does a study of this as well as their dental and
developmental studies. I think they have carried this side quite far.
Mr. BROWN. I had seen a study at Harvard Medical School on the

factors in small isolated communities. I recognize that these are not
completed as yet. You state that they are underway, but I would be
rather interested in the opportunity to review the kinds of results that
develop from these sometime in the future.
Dr. GIBBONS. I am sure we will be glad to pass them along.
Mr. BROWN. Thank you.
Mr. DADDARIO. The committee is happy to have here this morning

the senior member on the Republican side, Mr. Fulton. Happy to have
you back, and do you have any comment here?
Mr. FInuroN. I have just gotten in from a rather insolated grouping

from Tel Aviv, Israel, last night.
My comment is that you have the same disease that your American

counterparts in government have. That disease is use of the alphabet
system in designating governmental agencies and committees so you
get all sorts of things like CCIBP, which sounds like indigestion.
[Laughter.]
Dr. GIBBONS. This is an international disease.
Mr. FuLroN. I hope you didn't catch it from us.
I am pleased that two committees have now made contact, and we

will know of the work of each in the scientific field, both in Canada and
the United States. I compliment the chairman and the subcommittee
in its work in this regard. I believe the projects of the Gulf of St. Law-
rence and Lake Erie, as I come from Pennsylvania, are very worth-
while, and the learning 

is 
methodology of how we control man's in-

vasion of these areas s a very important point that we should
emphasize.
I am sorry that you are going to be reducing Project Matador in

favor of some other things that I might not put as first priority.
Dr. GIBBONS. I think you have misunderstood. We may not. We will

be studying this very shortly to see if it will carry on at a certain level.
The area will certainly be conserved as a virgin area, and we definitely
want to preserve it as an ecosystem.
Mr. FULTON. I wonder about the practical use of a project such as

the fitness of athletes. Why would that be performed as a biological
program? I would imagine that athletes are generally fit, and there
might be some difference in some slight degree as between the best
and the better, but I don't see what that approach is.
Dr. GIBBONS. This was done at the Pan American games which were

held in Winnipeg a couple of years ago, and the opportunity was taken
to study these athletes to see if they were better than the general popu-
lation. I think more will be coming out of the study of the Sas-
katchewan children where their abilities—
Mr. FULTON. What is the practical use of that?
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Dr. GIBBONS. This is a practical use that many of these youngsters
are put in a hockey game for 8-year-olds where they should be in a
sixth-year hockey game, and this may be damaging.
Mr. DADDARIO. Considering your winning the Stanley Cup, it may

have.
Mr. FULTON. I do feel that these programs must be made in concert,

and likewise to complement and supplement each other so that we
don't have an overlapping. But I likewise feel that we should look
at our research as we are doing on this subcommittee in the United
States, that it is amounting to something so we are not just laying up
a set of figures which future historians might find interesting but of no
real value.
Dr. GIBBONS. Well, I suggest that you should maybe talk to our

National Health and Welfare Department.
Senator CAMERON. Mr. Chairman, it may be part of our chagrin

of our hockey teams against the Russians.
Mr. DADDARIO. You have only sent your amateur teams to Russia.
Mr. FULTON. Maybe the Russians have gotten along without a

survey.
Mr. DADDARIO. Well, I imagine you could make a very good case

for studying any group susceptible to disease. I am sure Mr. Fulton
is raising no objection.
Mr. FULTON. If I could make a serious point, it is that there should

be a practical use, and if one is simply laying up statistics, perhaps it
should be resurveyed on a priority basis.
Mr. MOSHER. Jim, you certainly recognize the axiomatic truth, that

information that is discovered in basic science which may not seem to
have any practical use now can well have tremendous practical use
10 years, 20 years, 30 years from now.
Mr. FULTON. Yes. But I want to stick with my point. We should look

at all programs. I would want them to serve a generic and practical
purpose.
Chairman MILLER. Jim, since research gives us facts, and we put

them in the bank of knowledge, can you always tell that when these
studies are made when they are going to be valuable or when you are
going to call on them. You know the old story I tell about the elimina-
tion of the screw-worm in this country. I am certain that if anyone were
to tell people 30 years ago that a couple of idiotic biologists isolated the
scent by which the female screw-worm attracted the male, somebody
would say that is not generic and we don't need it.
Mr. FuuroN. I am for these biological programs 
Chairman MILLER. Well, the people who did this didn't know

whether the data they were accumulating were going to be used.
Mr. FULTON. Of course. We might have you Canadians do a study

on the chairman, because he always has an inner motor still going
when the rest of us fall by the wayside.
That is all, Mr. Chairman.
Mr. DADDARIO. I can recall, over the course of the years, several

studies which some friends of mine have done as they have worked for
their doctorates—isolated groups of people—making evaluations about
stresses and strains that have led to some very strong careers in
medicine and in other fields. I wouldn't offhand subgrade this particu-
lar project. But at any rate, we are not here to discuss each project by
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itself but, rather, to take an overall look at what has been done. Be-

fore closing, I wonder if anyone of the committee from Canada has

something to say?
Senator LAMOMTAGNE. I have a question.
Senator PHILLIPS. Mr. Chairman, I was particularly interested in

the reference to the study on the dental, cranio, and maxillo devel
op-

ment of French-Canadian children.
I think probably the longest and most comprehensive study is 

being

carried on by the University of Toronto, in one of the suburbs. They

have followed the children from about 3 until the oldest child would

be about 20. In September this program was removed from the list of

those receiving assistance from the Department of National Health

and Welfare and they came to the United States and received financial

assistance to continue it.
I think it was from the Kellogg foundation that supports dental

research.
I was wondering why this project was removed.
Then you refer to and emphasize a much shorter and incomplete

study on the development of French-Canadian children.
Dr. GIBBONS. This is also independently financed—I believe the

Rockefeller Foundation has financed it for a number of years. It has
been added to the IBP Program because it is in line with the human
adaptation and the experimenter wanted to be able to make interna-
tional comparisons.
Senator LAMOMTAGNE. Is the cost of this study included in your

total amount?
Dr. GIBBONS. Yes. In the total amount of $2 million.
Senator LAMOMTAGNE. We should add this to the American contri-

bution then.
Mr. bADDARIO. Any further observations?
Senator Grosart ?
Senator GROSART. One observation2 if I may, arising out of the state-

ment Dr. Gibbons has made about this physical fitness study, one thing
important

things 
occurs to me is that physical fitness is one of the most 

things in the field of ecology, but the question is whether this arises out
of the guidelines in the seven sectors that has been set down by the
organizations, because we have a statement here that the Canadian
programs are along the IBP lines, and we have adhered to the sections
projected.
Does this come under the broad heading 
Dr. GIBBONS. I believe this comes under the heading of ecology. As

you know, we have been criticized as being very unfit as a whole Na-
tion. I can't say if this applies south of the border, but yes, I think this
is part of 

theenator In other words—
Dr. GIBBONS (continuing) . It is somewhat similar to what is being

done in South America on adaptation to the stress of high altitudes.
Senator GROSART. In other words, it makes sense to study human

beings as well as their environment.
Dr. GIBBONS. This is always part of a study of human environ-

ment—
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Senator GROSART. So if you studied Chairman Miller you would
find out why all the rest of us in Canada are unfit, as you say.
Mr. FULTON. Mr. Chairman, why don't you mention Lake Erie in

your statement and what we should do about that large body of water.
Mr. MOSHER. I raised the question as to whether their proposed study

on eutrophication in fresh water lakes applies, would have some value
to Lake Erie. The answer was "Yes."
Mr. FULTON. That shows the importance of Lake Erie in their bio-

logical study.
Mr. MOSHER. The gentleman referred earlier to two or three other

activities they have, concerned with Lake Erie, but not with this IBP
program. Is that right?
Dr. GIBBONS. We are studying ecosystems as close to the baseline as

you can get, and Lake Erie is far from that.
Mr. FULTON. Why wasn't Lake Erie mentioned in your statement?
Dr. GIBBONS. We are doing work with other lakes Lake Erie isn't

one of them.
Chairman MILLER. Well, why don't we start attacking the root of the

trouble rather than talk about the things that have taken place? If
we had proper sewage that emptied into Lake Erie, you wouldn't
have the problems right now. Is that right?
Mr. DADDARIO. Dr. Gibbons is making a study as to how we got

where we are. These studies can help us in managing the problems
that do come about in Lake Erie and many other lakes. At least, that
is the way I understand the program.
Dr. Gibbons, we appreciate your testimony, your contribution, and

I would just like to, before closing, address to that statement my good
friend, Mr. Mosher, has made about how satisfied he is about this
meeting and the idea that it does give him hope that it will lead to
other activity in the future through which we can, on a more solid
basis, develop more parliamentary activity. And I would certainly add
my hope that that might be done.
This has been an extremely interesting morning from our point of

view because there has been added this flavor of international coopera-
tion. It is added to by the fact that our countries, with a contiguous
necessity of working together in many problems affecting us in the
same way. It is certainly a very helpful sign that you, Mr. Chairman,
and the members of your committee, have come here, and we are look-
ing forward to the opportunity tomorrow when we will be sitting down
together, at which time I would hope that Mr. Fulton will be present,
as he has been invited to be, and we will all have a chance to ask
each other all kinds of questions at that time. I am looking forward
to that particular session because I think it will be extremely helpful
to us all.
If there are no further comments, this committee will adjourn to

the  call of the Chair.
( Whereupon, at 11:45 a.m., the committee adjourned, to reconvene

at the call of the Chair.)
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31 (summer) biological board of Canada; 1931-36 Scientific asst fisheries experi-
mental station Halifax; 1936-37 asst bacteriologist fisheries experimental sta-
tion; 1937-41 assistant research biologist NRC ; 1941-45 assoc res biologist NRC ;
1946- assoc res biologist II NRC ; 1946-49 research biologist NRC ; 1949-57
senior res officer NRC ; 1957- principal research officer; 1959- assistant director
biosciences ; 1968-assistant director div of biology.
Honours: NRC Bursary under Dr. G. B. Reed 1928-29; Arts Travelling Fel-

lowship from Queen's University 1929-30; University scholarship Yale 1929-30,
30-31, 31-32; Elected to Sigma XI 1932; Member Order of the British Empire
Civil July 1946; Centennial Medal on recommendation of the Canadian Society
of Microbiologists; Honorary Member Can Soc Microbiology June 1968.

Societies: Canadian Society of Microbiologists; Secretary-treasurer 1951-55;
Vice-president 1958-59; President 1959-60. Royal Society of Canada Fellow
1955; Honorary treasurer 1956-59. American Society of Microbiology; Society
of Applied Bacteriology; Society for General Microbiology; Canadian Institute
of Food Technology; 1962-66 Secretary-General International Association of
Microbiological Societies 1966; Secretary-General and Treasurer International
Association of Microbiological Societies; presently chairman Canadian National
Committee for the International Union of Biological Sciences; Vice-chairman
Canadian Committee on the International Biological Programme; Board of
Trustees Biological Abstracts 1964; chairman 1969 board of trustees Bergey's
Manual Trust 1965; member of the executive committee of the International
Union of Biological Sciences representing division of microbiology (1967-).
Other items of interest: Edited "Recent Progress in Microbiology VIII" the

symposia and proceedings of the VII International Congress for Microbiology.
Dr. Gibbons has made extensive contributions to the microbiology of stored eggs
and stored meat. For some years he has been interested in halophilic bacteria
and the reason they require salt for growth. More recently he has become inter-
ested in organisms growing at low temperature.
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C0313117NICATIONS

IDAHO STATE UNIVERSITY,
OFFICE OF THE DIRECTOR,

DEVELOPMENT AND INSTITUTIONAL RESEARCH,
Pocatello, Idaho, April 3, 1969.

Hon EMILIO Q. DADDARIO,
House of Representatives,
Washington, D.C.
DEAR Mn. DADDARIO : It is our understanding that your committee is currently

hearing testimony on a resolution to fund the International Biological Pro-
gram. We would like to express our support of the Resolution, and if you deem
it appropriate we would urge you to bring our support to the attention of your
committee.
As you may know, Idaho State University has been designated by our State

Board of Education as a center for development of the Life Sciences, and through
the years we have built a capability in the basic sciences and especially in the
areas of biology and microbiology.
In the opinion of our science faculty in the above referenced departments, the

Analysis of Ecosystems portion of the IBP program represents a significant
contribution to the understanding of man's environment. Such an understanding
seems to be imperative for man's ultimate survival on the face of the earth.
Man with his technology and know-how and his continuing increase in num-

bers is rapidly changing the environment in which he lives. And yet we are
dependent upon that environment for our survival. Our planet is a fragile life-
support system; disruption of the so-called balance of nature could have an
impact on our lives as profound as the dropping of a hydrogen bomb. There can
be little doubt that we must gain an understanding of our environment on a
world-wide basis; that we must be able to predict what the influences of various
man-generated disturbances will be, or that we must learn to repair damage to
the environment that may have already taken place. In our opinion, the Inter-
national Biological Program is a major step in this direction.
As you are well aware, there is currently a tremendous interest in the space

program and, to a lesser degree, in oceanography. Enormous sums of money have
been spent and will be spent on these programs. While outer space and the oceans
admittedly represent great frontiers for exploration and research, the compara-
tive glamour of these programs often obscures the fact that there are still huge
gaps in our knowledge of the terrestrial and fresh-water ecosystems upon which
we are directly dependent. Favorable action by your committee and subsequent
favorable action by the Senate proposes to close many of these gaps, and we can-
not urge you too strongly to move toward such a goal.
As you undoubtedly know, the IBP Analysis of Ecosystems will focus on systems

relatively untouched by man, as well as those which have been affected to
various extents by the pressures of civilization. In this way we can learn how
man has altered his environment from the "natural" state, and we can thus
have a better idea of how to cope with these changes. The International Bio-
logical Program is of vital importance to the future of mankind on this planet.
We strongly urge your support and the support of your committee for this pro-
gram both in principle and in funds.

Sincerely yours,

29-576-69-6
(77)

DONALD F. KLINE,
Director.
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DEPARTMENT OF STATE,
Washington, D.C., May 6, 1969.

Hon. GEORGE P. MILLER,
Chairman, Committee on Science and Astronautics,

Washington, D.C.

DEAR Mn. CHAIRMAN: In answer to Mr. Ducander's request of April 1
3 there

is transmitted herewith a report on H.J. Res. 625 concerning the 
International

Biological Program. H.J. Res. 625 is identical with S.J. Res. 89. The Department

of State now as in the past gives its support to the International Biological
 Pro-

gram. We endorse the Joint Resolutions as an aid to that end. It appears

especially important that Federal departments and agencies concerned with the

objectives of the Program should support and cooperate fully to assist the

activities of the U.S. National Committee for the IBP and the Interagency

Coordinating Committee.
The Bureau of the Budget advises that from the standpoint of the Admin-

istration's program there is no objection to the submission of this report.

Yours sincerely,
WILLIAM B. MACOMBER, Jr.,

Assistant Secretary for Congressional Relations.

.01....1•51••=•••••••

INTERNATIONAL BIOLOGICAL PROGRAM AND ITS RELATION TO H.J. RES. 625

The International Biological Program (IBP) is a broad effort established

on a world-wide basis. It is being conducted by more than fifty nations in order

to establish an ecological base for managing the environment and for preventing

its deterioration. Within the United States it is being coordinated by the

National Academy of Sciences and the National Academy of Engineering, to

which is attached the U.S. National Committee for the IBP, and, for the Fed-

eral Government in particular, by a special interagency coordinating committee.

The National Science Foundation serves as the U.S. Government's lead agency.

In the United States the National Committee has formed a series of subcom-

mittees which are responsible for the planning of substantive research in various

fields; such research necessarily concerns a number of Federal agencies.
The Department of State welcomes the support which the joint resolution

gives to U.S. efforts in behalf of IBP action. The encouragement to Federal
agencies to give their support to the program should help to guarantee an impor-
tant role for the United States in the IBP. Such cooperation is altogether appro-
priate in our continuing efforts to seek productive and peaceful ties with other
countries. A strong IBP will stimulate productive exchange among world
scientists and it will prepare the way for further joint efforts planned for the 70s.

DEPARTMENT OF AGRICULTURE,
OFFICE OF THE SECRETARY,
Washington, D.C., May 9, 1969.

Hon. GEORGE P. MILLER,
Chairman, Committee on Science and Astronautics,
House of Representatives, Washington, D.C.

DEAR Mn. CHAIRMAN: This is our report on H.T. Res. 625 "Expressing the sup-
port of the Congress, and urging the support of Federal departments and agencies
as well as other persons and organizations, both public and private, for the Inter-
national Biological Program."
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This joint resolution would declare that the International Biological Program
<IBP), established under the auspices of the International Council of Scientific
Unions and the International Union of Biological Sciences and sponsored in the
United States by the National Academy of Sciences and the National Academy of
Engineering, deals with one of the most crucial situations to face this or any
,civilization. That situation is the immediate or near potential of mankind to
damage, possibly beyond repair, the earth's ecological system on which all life
depends. The joint resolution would also declare that the IBP provides a means
of meeting this situation. The Program's stated objective is increased study and
research related to biological productivity and human welfare in a changing
world environment.
The joint resolution commends and endorses the IBP and expresses support of

the Committees having responsibility for the Program in the United States.
The Federal departments and agencies, other persons and organizations, private

and public, would be called upon to support and cooperate fully with the Program.
The joint resolution authorizes and requests all Federal departments and agen-
cies having functions or objectives coinciding or related to those of the IBP to
obligate or make appropriate transfer of funds to the Program from moneys
available for such functions or objectives and provide such other support as may
be appropriate.
The Department of Agriculture endorses the general objectives of H.J.

Res. 625.
We strongly support the objectives of the IBP. A large proportion of the agri-

cultural and forestry research of the USDA is concerned with environmental
management and the interaction of man with his environment. The objectives of
the IBP are relevant to all the commodity production, resource conservation,
rural development, and human welfare responsibilities of this Department.
The USDA feels that the IBP has a unique and important role in bringing a

broad interdisciplinary and international approach to the solution of environ-
mental problems. This approach complements the Department's mission-oriented
domestic effort. It also holds promise for solution of certain environmental prob-
lems that are international in character.
USDA scientists are participating in planning and coordinating the Program

through memberships in the Executive Committee, the Federal Interagency Co-
ordinating Committee, and committees of the individual programs. This Depart-
ment also contributes part of the financial support for the operation of the U.S.
National Committee.
The USDA is collaborating actively in the ecosystem studies of IBP. For exam-

ple, Department scientists are or will be conducting studies as an inherent part
of integrated research programs such as the Grassland, Forest, and Desert Eco-
system Studies. Also, USDA is providing research resources such as experimental
forest and range areas and research natural areas.
Further, many of the Department's research projects are IBP-related. More

than 60 of the 266 IBP-related projects listed in IBP Report No. 3 are USDA
projects. This Department also provides partial support for participation
of State agricultural experiment station and forestry school scientists in several
IBP-related projects.
The Department of Agriculture intends to continue its support of IBP. The

USDA is mainly an in-house research organization and does not have large blocks
of grant funds. However, the Department will continue to work through its re-
search planning and budgeting procedures to support appropriate parts of IBP.
USDA will likewise work with developing IBP programs that are related to its
missions.
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,

J. PHIL CAMPBELL,
Under Secretary.
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APPENDIX C

QUESTIONS AND ANSWERS FOR A SPECIAL STUDY ON THE INTERNATIONAL
BIOLOGICAL PROGRAM

The U.S. National Committee for the International Biological Program was
asked to respond to the following questions and requests for information. At-
tention is drawn to the fact that in some instances specific facts were sought, in
other instances opinions only were expected. Throughout its responses the Com-
mittee was urged to distinguish i between, and comment on, what the facts were
or seemed to be, in contrast to what the Committee thinks the situation should be.
This material was provided by the Committee, together with that from other

sources, will constitute some of the ingredients from which the National Science
Foundation will prepare its reaction to the Bureau of the Budget's Prospectus
on International Biological Program.

Question 1. a.: The term "objectives," as used here, implies broad, general
st,atements of direction or policy in contrast to specific, limited goals or targets.
Concisely stated, what are the basic objectives of the International Biological
Program?
Answer: The ICSU Special Committee on the International Biological Pro-

gram established the objectives for this program in the following statement:
"The rapid rate of increase in the numbers and needs of the human popula-

tions of the world and their demands on the natural environment has greatly in-
creased the need for biological research. The International Council of Scientific
Unions (ICSU) has therefore initiated an International Biological Programme
(IBP) entitled 'The Biological Basis of Productivity and Human Welfare,' with
the objectives of ensuring the worldwide study of:
(1) Organic production on the land, in fresh waters, and in the seas, and the

potentialities and uses of new as well as of existing natural resources. and
(2) Human adaptability to changing conditions."

Question 1. b.: What are the objectives of the U.S. efforts?
Answer: Objectives of the International Biological Program are to provide

basic insight and foresight about changing environmental relations of man, in
order to cope with increases in the numbers and needs of human populations;
also with the impact of these increases upon the interconnected ecological sys-
tems of the Earth (see Daddario Report on IBP).
The size and complexity of this task demands prompt, internationally co-

ordinated research on lands and waters: both on near natural and modified
ecological systems; on their changes, processes of maintenance, and biological
productivity. Related studies focus on selected biological problems of man's
adaptations as a part of diverse ecosystems and his roles as an agent acting
on them. Wise resource use and management, and preservation of a special sys-
tems and species, all call for improved exchange of information and joint re-
research, plus action.
The United States shares all of the worldwide objectives. But we further

see the processes which normally control much of life (dispersal and selection
of organisms, biological conversions of solar energy, circulation of nutrients)
also threatening to spread pollution; to deflect balances of plant and animal
populations and of their productivity; and to degrade "Environmental Quality"
(see Daddario Report on this subject). Americans, most particularly, seek ways
of understanding such by-products of technological developments avoiding their
disadvantages and using their advantages. Resulting changes, either way, can
be rapid in industrial societies, and in neighboring and remote countries affected
by them (see Daddario Report on "Managing the Environment").

(81)
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The objectives were further defined by the U.S. Executive Committee in a
meeting of 30 April—May 1, 1968, as follows:
"Our objectives are to participate in a worldwide study of organic production

in all environments, and of human adaptability to changing conditions. In the
United States, the maintenance of environmental quality is critical for both
human welfare and long-term productivity. Thus, the U.S. program focuses on
two major components: (1) problems of human adaptability, and (2) problems
of environmental management."

Question 1.0: To what degree are the U.S. objectives, as established, widely
publicized?

Answer: The U.S. objectives have been publicized in three reports by the
U.S. National Committee with distribution of each report to over 60,000 sci-
entists. These have also been distributed to scientific and lay press through the
IBP Press Relations Officer who is housed in the Office of Information at the
National Academy of Sciences. Numerous press releases and magazine articles
have been prepared by this office and by IBP scientists for both scientific and
lay audiences.
From January through April of 1968 alone, 86 different publications carried

stories on some aspect of the IBP; newspapers in 40 states have had stories on
the program. A number of editorials have also been written supporting the
IBP including those recently in the Washington Post and the New York Times.
Press releases are also being issued by the universities and government agencies
involved in IBP research, while a new quarterly publication of the U.S. Com-
mittee, IBP Inter-American News, has been widely distributed in both North
and South America to scientists and press alike. International coverage of U.S.
objectives and plans has been good, especially in English publications such as
Nature.
Numerous symposia have been held in conjunction with meetings of scientific

societies. The latest of these is cosponsored by the American Institute of Biologi-
cal Sciences, and will take place at the Columbus, Ohio convention in September,
1968. A scientific exhibit illustrating the aims and objectives of the U.S. effort
will be set up at the Columbus convention.
A report by the House Subcommittee on Science, Research, and Development

entitled, "The IBP, Its Meaning and Needs" has also been widely circulated and
has contributed greatly in communication with a large body of scientists and
interested lay men.
Plans are now underway for the organization of an ad hoc IBP Committee

on Public Education which will deal with the possibilities of films, speaking
tours, books and other publications on the U.S. IBP.

Question 1.d.: Can it be assumed that these objectives are fully understood
in appropriate segments of the scientific community?
Answer: An increasing understanding among appropriate segments of the

scientific community is apparent. However, it cannot be said that IBP "ob-
jectives are fully understood" by all individuals, institutions, and agencies that
make up these segments. Among some individual scientists there is the feeling
that the programmatic concepts of IBP are fiscally competitive with other pro-
grams with which they are associated. When these individuals see opportunities
in IBP and new funds become available to support their work, their indifference
to IBP will disappear. Among institutions and agencies, there has been mis-
understanding because these organizations are categorically oriented and their
panels and study sections have specialized and specific mission objectives. These
organizations do not seem prepared to evaluate programmatic multidisciplinary
longitudinal research. Continuous efforts by US/IBP Committee have begun to
clarify these problems and to capture mutual interests from among programs of
Institutions and agencies. Future plans, when carried out, should result in fur-
ther progress. These plans include scheduled interchanges between USEC/IBP
and each IntereSted agency on a program-by-program basis.

Question 1.e.: Can it be assumed that they are interpreted in ufgform fashion
by those public and private organizations that are involved in support of the IBP
effort?
Answer: Public and private organizations involved in support of the IBP do

now, and will continue to interpret IBP objectives in relation to their own mis-
sion. Increasingly, all supporting organizations will recognize continuity of in-
terest in IBP objectives as well as interests peculiar to their own missions.
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Question 1.f.: By what means and by whom were the U.S. objectives established?
Answer: The U.S. objectives were identified by the U.S. National Committee

during a 4-day working conference with its subcommittee members and other
invited scientists (86 individuals) in October 1966. Objectives were further
developed in a series of meetings culminating in a 2-day session of the USEC/
IBP, 30 April-1 May 1968. The primary product of this meeting was the attached
draft, "Man's Survival in a Changing World."

Question 1.g.: What authority and procedures ewiAt to allow for changes in
these objectives?
Answer: The Executive Committee is authorized to make changes within the

general objectives of the IBP. Proposed changes would be reveiwed by the
Executive Committee and if approved, would be published in an appropriate
report. To date, the objectives have been elaborated but not changed.

Question 1.h.: To what degree we the U.S. objectives as currently stated in
need of alteration?
Answer: There is, in our opinion, no known need for alterations to the U.S.

objectives.
Question 1.i.: What do we know about the stated IBP objectives of other

nations, and in what way do they relate to our own?
Answer: Based on a general review of available program objectives of other

participating nations, all appear to be derived from the stated SCIBP objectives;
and therefore all are interrelated. A central focus on ecosystems operations seems
apparent in most national programs. Programs differ in goals, content, depth
and dimensions. These differences seem attributable to (1) national economic
interests, (2) national resources, and (3) resident scientific interests and capa-
bilities. With an apparent 'adherence to the SCIBP objectives and a general
acceptance of the ecosystem central focus, differences in national programs seem
to be complementary and mutually reinforcing.

Question 2. The term "goals," as used here, implies major accomplishments con-
tributing toward realization of general objectives. In most instances these goals
and their associated target dates will be consonant with the completion of par-
ticular studies, programs, or projects. "Subgoals" are dates for completion of
specific sequential steps leading toward goals. They may be considered as refer-
ence points or mileposts against which to measure progress.
Comment: Among the accomplishments of the organizational phase of IBP

have been the publication of handbooks and reports on methods to be used in
IBP investigations, the identification of various animals and plants, and glos-
saries to systemize data collection, storage and retrieval. In these various ac-
tivities U.S. scientists have played an active role. These publications include:

1. Assessment of Heat Tolerance. Occupational Health Research and Training
Facility, U.S. Public Health Service, Cincinnati, Ohio. 1967.

2. Glossary of Thermal Physiology. Draft to be discussed at Satellite Confer-
ence on Thermal Physiology, International Congress of Physiological Sciences,
August 23, 1968, and then referred to IUPS Committee on Terminology and
Nomenclature for final approval.
3. North American Systematists Interested in the IBP. Division of Biology and

Agriculture, NAS/NRC, 2101 Constitution Avenue, N.W., Washington, D. C.
20418.

4. Research Natural Areas on Federal Law's. A detailed listing of all such
areas, U.S. Government Printing Office, Washington, D. C. 20402.
The above are examples. A total listing may be supplied if desired.
Goals, subgoals, accomplishments and target dates as defined above are in-

separable from the organization established for the achievement of these goals.
The organization for carrying out the U.S. effort is implicit in a draft paper en-
titled "Man's Survival in a Changing World". This paper was the primary prod-
uct of a 2-day session of the USEC/IBP with directors of integrated research
programs, 30 April-1 May. The draft, attached hereto, was distributed to all
members of the ICC on 20 May.
A schematic of the organization of the U.S. effort is:
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Examination of the above structure will show that goals, subgoals, target dates,
etc. are the direct functional responsibilities of directors of integrated research
programs (IRP) ; and that the diagrammatic supra committees have interests
and responsibilities toward assuring development of the IRP's.
The following answers are in consonance with the above comment.
Question 2. a.: Precisely stated, what are the specific goals to be achieved in.

the U.S.—IBP effort, and what are the dates for attaining these goals?
Answer:

(1) HUMAN ADAPTABILITY COMPONENT

a) General—The broad goal of this component of the US/IBP is to advance
knowledge of (a) the genetic, and (b) the physiological and behavioral adapta-
tions of man. It now includes five integrated research programs—others may
develop. They supplement those on-going researches that already provide a
wide array of information. Each IRP will attempt to exploit certain unusual
opportunities to understand critical aspects of the adaptive process. These pro-
grams, their goals and target dates are:

i. International Study of Eskimos
(a) Goals—To elucidate biological and behavioral processes responsible for

the successful adaptation and the continuous but slow population growth of
70,000 Eskimos in an arctic environment.
(b) Target dates—
July—September 1968—Establish nucleus of U.S. research teams based on

Wainwright, Alaska. Establish direct coordination with parallel research teams
(1) from Canada based on Igloolik, and (2) from Denmark and France based
on Upernavik and Angmagssalik.
September 1968—July 1972—Carry out research according to the following

schedule:



85

Fiscal year

1969 1970 1971 1972 1973

Health and performance:
General health  X X X X XCardiology  X   XRadiology  X X X X XSerum epidemiology   X
Physiology:

Work capacity  X XActivity patterns  X XHeat/cold adaptation  X XEndocrine function  X XChronobiology  X X X X XNutrition   X   XGrowth:
Anthropometry  X X X X XBone mineral content  X X X X XDentition  X X X X XGenetics:
Demography  X X X X XGene markers:

Blood  X X X X XDermataglyphs  XBehavior:
Psychology  X XBehavioral genetics  X XEcology:
Ecosystem  X X XPrehistory  X X X

ii. Population Genetics of American Indians
(a) Goals—To acquire from primitive tribes of South American Indians base-line information on mating patterns, control of fertility, birth and death rates,

genetic characteristics, food utilization and disease pressures, and to link these
studies in time with studies on the much more changed Indians of the United
States. From these quantitative studies of primitive and transitional groups
can issue an understanding of the changing stresses of modern man and pos-sibly some insight into their consequences. U.S. Venezuelan and Brazilian par-ticipation is involved.
(b) Target dates—These studies are under way. Completion by July 1972 is

planned.

iii. The Biology of Human Populations at High Altitudes
(a) Goals—To study selected populations living at altitudes above 3,000 meters

for (1) physiological adaptations to chronic hypoxia from before birth to old
age, (2) medical and obstetrical problems which are direct consequences of
maladaptation, and (3) modifications of diseases. (Some recent observations
indicate that high altitude may protect against degenerative cardiovascular
disease.)
It is planned to study (1) a North American population at 3,100 meters, (2) a

South American population at 3,100-3,500 meters, and (3) an Andean population
at 4,000 meters.
(b) Target dates—
July 1968—Apply for planning funds (submitted).
December 1968—Begin demographic study of Leadville, Colorado, at 3,100

meters altitude.
March 1969—Submit detailed program proposal to USNC/IBP, and to Federal

Agency for funding.
December 1969—Undretake definitive epidemiologic and related physiologic

studies, and training, in Leadville, Colorado.
December 1970—Undertake parallel studies in South America.
December 1974—Complete 5 years of field work.
Nutritional Adaptation to Environment

(a) Goals—To coordinate studies of the effects of nutritional stresses on
selected population groups in the Arctic, Subarctic, Temperate and Tropical
areas, and to assess the development and performance of these groups within
the ecological systems in which they are components. The diets of polar popula-
tioxs approach the limit of physiological tolerance to protein and fat. Tropical
diets appear very deficient in protein and high in starch and sugar. Temperate
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diets appear more balanced and yet frequent deficiencies in 
vitamins and essen-

tial trace elements, and excessive caloric intakes are observed
.

(b) Target dates—
September 1968—Submit proposal for program coordination t

o ICC.

September 1968—July 1972—Carry out coordination required.

v. Ecology of Migrant Peoples

"The typical Chicago rioter-1968 version—was a 23-year-old
 Negro migrant

from the South."—Chicago Daily News, April 27, 1968.

In discussions and reports on the recent outbreaks of v
iolence in America's

cities, not much attention has been paid to one of the 
very basic, underlying

causes of the problem—non-adjustment of ghetto residen
ts, both physically and

socio-culturally, to a highly stressful urban environment.

Many Negroes now living in northern cities have migrated
 from rural areas

in the South. They experience many environmental change
s which have great

bearing on their behavior in the northern ghettos—decre
ased physical activity;

increased living-space, congestion and noise stresses; c
onfrontation with im-

personal routines and authority; exposure to deviant beh
avior; changes in mate

choice and fertility.
(a) Goals—To measure adaptability responses to migr

ation and urbanization,

the program in Ecology of Migrant Peoples will conce
ntrate on populations liv-

ing under highly stressful conditions. Certainly one of the 
most significant popu-

lations under stress in the United States today is that of 
the Negro. Therefore,

as the major focus of the program, Negro populations
 in both rural and urban

areas will be measured for adaptation trends. The ru
ral population study will

be in Holmes County, Mississippi, the poorest county 
in the United States with

a mean annual income for Negro families of $900 per
 year. Chicago will be the

site of the urban studies since the majority of Holme
s County migrants live in

the Maywood and West End sections of the cit
y—centers of violent unrest

during 1968.
In the Mississippi portion of the study, a thorou

gh biomedical and demo-

graphic assessment of the population will be made by 
specially trained residents

of Holmes County under scientific supervision. It is h
oped that this survey will

identify needed medical treatments and will also serv
e as a means of training

residents for future jobs. Experimental questions will
 also be considered—how

much more developed are children who are enrolled i
n a Head Start program;

how much of an effect will more adequate educatio
n and prenatal care have on

reducing the very high fetal and neonatal death ra
tes in the county?

The studies in Chicago will be used to determine w
hat attributes predict suc-

cessful adaptation among young adults ages 15 thr
ough 35. The degree of edu-

cation, acquisition of employment, maintenance of f
amily relations, development

of new relationships and social behavior will all be evaluat
ed for their effect on

successful or non-successful adaptation. Studies will be made o
f street gangs and

of the incidences of narcotic addiction, prostitution, chr
onic alcoholism and

criminal convictions among the migrants, and how these rates com
pare to the

native city dwellers in the same area. Efforts will be made to illumi
nate the part

non-adjustment to an urban environment plays in Negro discontent.

In later stages of this program, adaptation of Negro populations migr
ating

from Evans County, Georgia, to New Rochelle, New York, and residents of 
four

races in the subarctic city of Fairbanks, Alaska will be investigated. Work is
 also

planned on Spanish-American and Indian populations. Coordination will be m
ain-

tained with similar programs under the IBP in Israel, Yugoslavia, Australia and

Canada.
This work will yield basic data on the phenomenon of migration. It will also

help develop an adequate biosocial characterization of the nation by providing

intensive research on "nonwhite", "poor" and "rural" populations. It will help

develop assessments of interactions of genetic and environmental components in

human adaptation and provide a better understanding of adaptation to an urban

and industralized habitat. But most important of all, it will contribute directly

to the urgent search for social justice and tranquility called for by the President's

Commissions on Rural Poverty and Civil Disorders.
(b) Target dates—
December 1968—Submit proposal for Central Coordination to ICC.
July 1968—December 1968—Obtain financial support for 2 research proposals

now submitted.
July 1969—Submit 2 research proposals to appropriate granting agencies

(N.B.—University of Illinois now supporting initial organizational work with di-
rect allocation of $20,000. This support will terminate before December 1968).
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(2) ENVIRONMENTAL COMPONENT

a) General—The broad goals of this second component of the US/IBP are
'.(1) to formulate a basis for better understanding of the interactions of all com-
ponents of selected and representative biological systems, (2) to extend this
understanding toward an increased biological productivity, (3) to provide bases
for accurately predicting the consequences of environmental stresses, both man-
originated and natural, on the performance of biological systems, and (4) to en-

• hance our ability for better management of our natural resources. Within this
component are 6 integrated research programs (IRP) and additional IRP's may
,develop. All are supplemented by researches that provide a wide array of infor-.mation. These integrated programs, their goals and target dates are:
i. Ecosystems Analysis
(a) Goals—(1) to understand how ecological systems operate with respect to-both short-term and long-term processes, systems disturbed to varying de-grees by man are included; (2) to analyze interrelationships betweenland and water systems, so that broad regions may be considered as wholes; (3)to estimate existing and potential plant and animal production in the majorclimatic regions of this country, particularly in relation to human welfare, asour contribution to the world-wide goals of the IBP ; (4) to add to the scientificbasis of resource management, so that optimization for multiple use and for long-term use can be improved; and (5) to establish a scientific base for programs tomaintain or improve environmental quality.
In this program an intensive team effort will be made to study six kinds ofecosystems—grasslands, tundra, desert, coniferous forest, deciduous forest, andtropical forest. Each of these six intensive studies will involve many scientists.of varying disciplines and each study has its own management structure. Inturn, efforts in the six studies are coordinated through a program director andstaff. Also, there are some research projects and services at the ecosystem pro-gram level. Strong modeling and synthesis projects are characteristic of thisprogram.
In effect, the program on intensive analyses of ecosystems provides a -struc-ture or framework which references and utilizes information from all the inte-grated programs on plants and animals as described in subsequent paragraphs.(b) Target dates—
January 1968—Submit proposal to ICC for central operations and coordina-tion (submitted and funded).
January 1968—Submit proposal for analysis of Grasslands Biome (submittedand partially funded).
January 1968—Submit proposal for remote sensing applications within theprogram (submitted).
June 1968-December 1968—Submit remaining 5 biome research designs and

associa ted proposals.
January 1968-January 1973—Accomplish proposed research.

ii. Convergent and Divergent Evolution
(a) Goals—(1) understanding of the processes and results of both convergent

and divergent evolution in structure, behavior, and physiological adaptation of
various kinds of organisms of the New World and understanding of the puzzling
relationships between various South American and Australian groups, (2)
-understanding of the composition, ecological niches, and functioning of ecosys-
tems that have evolved in similar environments of the Southern and Northern
Hemispheres, and (3) understanding the native and invading biotas of the land
areas of the Hawaiian Islands.
Selected biologists from several American countries and Australia have planned

a cooperative research program with six subprograms on specific groups; (1)
Amphibia, (2) Fish, (3) Mammals, (4) Reptiles, (5) Insects, and (6) Plants.
Each has investigators and institutions named to a limited extent that will
expand as the program proceeds. Two subprograms are directed to the question
of convergence in ecosystem structure or to convergence in physiological adapta-
tion; (1) Ecosystems, involving investigators representing UCLA and Stanford
in the U.S., University of Chile, Central University Venezuela, and INTA
(Argentina) ; (2) Physiological Adaptation, involving investigators of Cornell
University, University of California at Riverside, University of Rhode Island,
Fullexton State (California), and Universidad Nacional de Cuyo (Mendoza,
Argentina).
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A third subprogram is directed toward an understanding of the evolutiona
ry

and ecological phenomena of the Hawaiian Islands.
(b) Target dates—
May 1968—Submit proposal for both central coordination and research on 

the

South American subprograms to ICC (submitted).
September 1968—Modest expansion of presently existing research to extent

permitted by level of funding.
December 1968—Submit proposal on the Hawaii subprogram to ICC.

September 1969—September 1972—Continuation of research at a sharply 
in-

creased level of funding.
1972-1973—Coordinated reports on the results and probable continuation 

under

some other auspices.

Biogeography of the Sea

(a) Goals—to develop the ecological and physiological knowledge required
 to

predict how environmental factors limit or enhance the abundance and produc
-

tivity of selected marine organisms of interest to man. Studies will be in the U.S
.

and other IBP countries.
Knowledge gained on the mechanisms of marine productivity is basic to: (

1)

an identification of the environmental factors and stresses which limit the 
distri-

bution of organisms and help explain evolutionary diversity; (2) a definiti
on of

optimal environmental and functional conditions useful for assessing 
aquacul-

tural potentialities for selected species; (3) an understanding of the si
gnificance

of selected marine organisms in trophic chains important to man's welf
are; and

(4) a definition of the adaptive capacity of organisms for life in modified or dis
-

turbed environments.
Program coordination will be accomplished by the co-directors and a full-time

research coordinator. An advisory committee of senior scientists will provid
e

scientific guidance and evaluation. The research will be conducted in terms of

"packages" of separate projects, all dealing with a particular organism or group

of closely related organisms. Investigators representing different disciplines will

study various physiological parameters on a coordinated cooperative basis. Train
-

ing will be accomplished within individual projects by investigators engaged in

direct research participation.
(b) Target dates—
May 1968—Submit proposal for over-all coordination to ICC (submitted) .

June 1968—Submit first packet of research proposals (submitted).

December 1968—Submit remaining packets of research proposals.

iv. Phenology
(a) Goals— (1 ) To conduct detailed studies on plant and animal species, both

aquatic and terrestrial at a number of sites within the United States in order

to prepare phenological maps; (2) to obtain clues to the physiologic limitations

that determine climatic limits of species, explain the biological basis for pheno-

logical timing; (3) test the hpothesis that such studies will aid in understand-
ing evolutionary mechanisms, and (4) to contribute to understanding the role
of phenologic phenomena in the structure and productivity of ecosystems.
The program provides for overall coordination, and three sub-programs on

mechanisms, phenology within communities, and phenologic maps. Broad studies
will be conducted with the aid of a large network of stations and observers. They
can be done at several levels of sophistication, providing participation by all
people with all levels of scientific training. Special sites will be selected and
intensive multidisciplinary studies made of measurements of environmental
parameters and population structure, breeding behavior, and physiology of orga-
nisms. A chief aim will be development of phenologic maps that would predict
planting and harvesting dates for crops and outbreaks of plant and animal borne
diseases as well as other biological events.
(b) Target dates—
September 1968—Submit proposal for central coordination and mapping to ICC.
December 1968—Submit proposal for subprogram on mechanisms to ICC.
June 1968—December 1968—Integrate subprograms on phenology within com-

munities with ecosystems analysis programs.
January 1968—January 1973—Accomplish research described.
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v. Aerobiology
(a) Goals—(1) To organize, integrate, and extend present investigations of

airborne spores, pollen, microbes, insects and other small organisms, and biologi-
cally significant non-living materials such as toxic gases, (2) to identify critical
problems not yet under investigation and initiate new projects to meet those
needs, (3) to cooperate with other nations in aerobiological studies and relate
those studies to global monitoring of environmental conditions, such as the mon-
itoring by WMO under the United Nations.
The program will comprise segments for research technology, phytopathology,

allergenic particles, transport of genetic material, human and animal disease
microbes, wind-carried insects and other small animals, and gases toxic to or-
ganisms. Much of the needed research is already underway, especially by Fed-
eral and State laboratories, and the Aerobiology Program will provide the lead-
ership and communications to build the projects into an integrated program.
The American Phytopathological Society, which has for many years fostered
international cooperation for study of plant diseases and amelioration of result-
ing losses, has placed its IBP steering committee within the framework of this
Program to assist in the prosecution of three related areas within phytopathol-
ogy : (1) Mode and places of origin of organisms causing plant diseases in major
crops, (2) processes by which plant disease organisms are dispersed, (3) assess-
ment of world-wide plant disease losses.
The atmospheric dispersal program will share efforts with several other IBP

programs, primarily Ecosystems Analysis and Phenology. Various Federal
agencies, three scientific societies, and numerous private and university labora-
tories have requested opportunity to participate in and assist this program.
The Program will increase the quantity and improve the quality of research

on atmospheric dispersal of biologically significant materials, while taking full
advantage of the new opportunities for working in the full context of world-
wide investigations.
(b) Target dates—
August 1968—Submit proposal for central coordination to ICC.
August 1968—Endorse first 3 proposals for research on sources and origins of

plant pathogens. Conduct reviews of proposals to select "Associated Projects."
December 1968—Complete links with international coordinating networks.
December 1968-January 1973—Accomplish research and coordination pro-

posed.
February 1969—Conduct first in series of symposia on current problems in

aerobiology.
September 1969—Begin training program.

vi. Physiology of Colonizing Species
(a) Goals—(1) To understand the characteristics of species that are able

to expand their distribution, (2) to determine the role of habitat alteration in
promoting these species invasions, and (3) to determine the degree to which
invading species have diverged physiologically and biochemically under the pres-
sure of new selective forces in a variety of habitats. Comparative studies will
yield insight into the factors of population adaptation.
A range of species will be studied, varying from those possibly representing

local expansion of a specially adapted type to broad expansion of a type with
generalized adaptation. The habitats that will be evaluated include those from
a broad latitudinal and altitudinal diversity in the western hemisphere. From
these studies should come a fuller understanding of the interplay of the dis-
turbance of habitats and the physiological adaptation of invading species.
The basic characteristics of invading plant species may include the following:

opportunistic ability to expand or contract a life cycle to fit growing seasons of
varying length; the production of chemical inhibitors; the ability to survive in
relatively pure stands; broad tolerance of temperature, light intensities, photo-
periods, etc.; less palatability; less dependence on a particular insect for pollina-
tion; regulative propagation and/or other asexual reproduction; self-fertility.
The studies will determine if certain characteristics promote invasion of a given
habitat and/or at a given latitude.

b) Target dates—
September 1968—Submit proposal both for central coordination and for

planned research to ICC.
September 1968-January 1973—Accomplish research and coordination.
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vii. Conservation of Ecosystems for Scientific Purposes

(a) Goals—(1) To provide registries of protected natural areas- and areas
requiring protection on:

(a) Federal lands
(b) Nonfederal public lands
(c) Private lands

(2) to provide for descriptions of these areas, (3) to provide guidelines useful
in managing and protecting the areas, (4) to provide registries of experimental
areas necessary and used for scientific purposes such as experimental forests,
watersheds, ranges, etc.

(a) On Federal lands
(b) On State lands
(c) On privately owned lands, e.g., university areas

(5) to cooperate with other countries of this hemisphere in providing for scien-
tific reserves; specifically, to prepare a list of needed reserves and to stimulate
establishment of these, (6) to catalog freshwater areas valuable for scientific
purposes, and (7) to catalog existing reserved marine areas and to contribute
to devising a suitable mechanism for selecting and protecting marine areas.
(b) Target dates—

Goal
No. Item Method or source

1—A  March 1968  Directory published 

C___{ 
ecember 

Speptember 1968
1968 

Plan for proposal 1—B, Complete arrangement for financial support 
2  June 1969   Complete checksheets on Federal areas 
3   December 1968 Formulation of plan for compiling 
4—A  December 1969 Complete first draft 
4—B,C do  Complete plan for accomplishment 
5  do  Complete arrangements for Hemispheric Conference__

6  do  Complete first draft 

7 fSeptember 1968___ Complete list draft of existing areas 
1Continuing  Devise program 

Federal Committee on Research
Natural Areas.

Conservation Foundation.

By responsible agency.

USDA compilator.
Conservation Foundation.
Conservation Foundation plus
IBP planning.

Dr. Randall, at no cost to IBP.

Question 2.b.: By what means and by whom were these goals established?
Answer: The goals stated above were generally defined in the program state-

ments of subcommittees of the USNC/IBP and were agreed at the Williamstown
Conference in October 1966 but there has been a considerable amount of evolu-
tion, refinement and redefinition of these goals as a result of work conferences
and of communication within the IBP organization.
The specific goals are distillations from more than 40 successive working con-

ferences that have radiated into an increasing number of concerned scientists
(estimated now at over 2,000). Generally the working conferences have been
held under the sponsorship of the concerned subcommittees of the USNC/IBP.
Plans and goals for the IRP's have been reviewed by the USNC at successive
stages of program development.

Question 2.c.: What mechanisms should be employed to ensure continued focus
on these goals and dates?
Answer: In paragraph 2.a. above the current USEC/IBP organization is de-

scribed. Support of this organization, and of the Integrated Research Programs
included, will insure continued focus on these goals and dates. The organization
for U.S. participation in the IBP is structured at levels of responsibilities from
project director to program coordinator to program director to coordination com-
mittee to U.S. Executive Committee to NAS—NRC.

Question 2.d: A variety of events could alter progress toward the goals and
subgoals set—technical difficulties might arise in the research programs, un-
expected cost increases might occur, funds might become available in signifi-
cantly greater or lesser amounts than planned, etc. Such events may necessitate
employment of alternative means for achieving the goals, or adjustment of exist-
ing subgoals to make them more realistic. The following questions relate to the
strategy contemplated for coping with such problems.
What group using what procedures should be responsible for assessing the

progress of the IBP and, if it seems necessary, making the decision to retain or
adjust the subgoals or implement alternative operating plans?
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Answer: Decisions on subgoals and alternative plans will be made within the
framework of the USEC/IBP and its subordinate committees. Interactions with
the ICC should be involved in these decisions, but responsibility for the U.S.
participation in the IBP rests in the Executive Committee as a committee of
the NAS—NRC.

Question 2.e.: What authority exists to allow this group to alter ate subgoals,
goals, or plans?
Answer: The USEC/IBP derives its authority from the National Academy

of Sciences—which in turn operates as an adhering member of the International
Council of Scientific Unions.
The USEC/IBP, in consultation with IRP directors, coordinators and investi-

gators, may modify subgoals, goals or plans as funding or other exigencies may
require. The USEC/IBP will assure continuing communication with ICC and its
members through staff and principal investigators, IRP directors and coordi-
nators as appropriate.

Question 2.f.: Describe any alternative means, procedures, or activities that
might be employed to keep the Program on course and on schedule if present
plans prove inadequcute. What are the merits and deficiencies of each?
Answer: It is the opinion of the USEC that the IBP program in the U.S. is

rapidly proceeding on course as the IRP's are planned and implemented. Each
IRP has an organizational structure, and the central organization for the US/
IBP has a smoothly functioning structure that has evolved in response to need.
With these organizations, we can see no serious problem of keeping the U.S. ef-
fort on course with respect to the basic goals and objectives. On the other hand,
we would reject as unworkable and undesirable, any course that was so rigid as
to prevent evolution of details of the objectives as the work progresses.
With respect to keeping the program on schedule, then the program has slipped

a full year, and further slippage seems certain as a result of inadequate financial
provision for the program in the Federal budget and of the failure generally of
private foundations to see the significance of the program as it relates to their
own interests. If the IBP is as important to our national and international in-
terests as the USEC believes it to be, and as at least a strong segment of the-
Congress believes it to be (see Daddario Subcommittee Reports), then the slip-
page can be countered by an extension of the period of the U.S. effort.

Question 2.g: How will established goals be modified if there are significant.
increases or decreases in sums available, or if the availability of funds is delayed?
For this purpose estimate a baseline figure that might permit the IBP effort ta
proceed at a reasonable but less than optimum rate, and then consider budget
levels 20, 40, and 80 percent lower and higher.
Answer: In general, decreases in funds will result in stretch out of funded pro-

grams and projects; increases will be applied to expansion of programs and pro-
jects on which plans are fully developed (proposals submitted or ready for sub-
mission to granting agencies.) The establishment of a "baseline figure" for the
Integrated Research Programs was a major point of consideration during the
meeting of 30 April-1 May. Each director and convenor for a major subjective
area (potential IRP), as an agenda item, was asked in advance to estimate fund-
ing needs for his program or potential program. (Descriptions of these programs.
are contained in the answers to questions 2a and 9b.) The total of these estimates
for FY 70 was $30.9 million. This is considered as optimal funding. It is the
opinion of the Executive Committee that one-half that amount represents "a
baseline figure that might permit the IBP effort to proceed at a reasonable but
less than optimum rate." Thus the range of figures as defined in the question is:

Fieoal year
1970

(million)

Base minus 80 percent  $3.1
Base minus 40 percent  9.3
Base minus 20 percent 12. 2
Base  15. 5
Base plus 20 percent 18. 2
Base plus 40 percent 21. 7
Base plus 80 percent 27.9

The USEC/IBP believes it is very unrealistic to consider a one year budget for
a program such as the IBP and desires to reaffirm that in its opinion the appro-
priate budget for a 5-year program is $150X 106.
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Note that base plus 80% is less than the optimal amount, so that priorities of
allocation are required at all levels defined in the question. The basis of allocation
is described in the answer to Question 10, and includes the present level of fund-
ing for each major study. On the following table, a modest level of present fund-
ing is indicated by one plus, while two pluses indicates that more than half of the
included research is presently funded.

Allocations are detailed on the following table. Three columns are of particular
interest: base minus 80%, base, and base plus 80%.
At base minus 80%, or $3.1 million of additional funds, three fourths of the

major studies will be placed on a holding basis, with the minimal support needed
to maintain communication and organization.

Re-
quested

addi-
tional

funding,
fiscal
year
1970

Present
suppor

Allocation of various levels of additional funding, fiscal year 1970

-80 -40 -20
percent percent, percent,
3,100 9,300 12, 200

+20 +40
Base, percent, percent,

15, 500 18, 200 21, 700

+80
percent,
27, 900

Eskimos 160 -I- 100 145 145 145 160 160 160
American Indians 150 ++ 0 50 100 150 150 150 150
High altitudes 400 + 15 400 400 400 400 400 400
Nutrition 5,193 ++ 15 500 750 1,000 1,100 1,500 2,225
Migrant populations 5,000 + 1,000 2,000 2,800 3,500 4,000 4, 500 5,000
Convergent/divergent evolution 1,000 + 250 500 600 700 800 900 1,000
Biogeography of the sea 1,734 0 100 200 300 400 500 600 1,000
Aerobiology 1,030 0 50 250 350 480 595 700 1,000
Phenology 280 0 25 100 150 180 200 235 280
Conservation of ecosystems 15 + 15 30 30 30 30 30 50
Colonizing species 560 0 200 260 260 260 310 360 560
Ecosystems analysis 50 ++ 10 50 50 50 50 50 50

Grasslands 1,300 + 1,200 1,300 1,300 1,300 1,300 1,300 1,300
Deciduous forest 2,000 0 15 1,000 1,500 2,000 2,000 2,000 2,000
Coniferous forest 2,000 0 15 500 700 1,000 1,200 1,600 2, 000
Desert 2,000 0 15 500 700 1,000 1,200 1,600 2, 000
Tundra 1,800 0 15 400 450 500 800 1,000 2,000
Tropical 1,800 0 15 400 500 600 900 1,200 2,000

Biological control 2,929 ++ 0 300 500 1,000 1,400 2,000 2,900
Nitrogen 561 0 15 200 250 280 350 450 560
Marine mammals 668 ++ 0 100 150 200 200 450 650
Crop stress 600 0 15 100 200 300 400 500 600
Gene pools_ 15 + 15 15 15 15 15 15 15

Total 31,245  

These small allocations are made in the expectation that later years will pro-
duce more funds, and that we should attempt to preset ve the progress that has
been made.
This column also indicates studies of highest priority, with major support

going to the Grasslands Study and the program on Migrant Peoples. Smaller
levels of support are provided for the studies of Eskimos, Convergent and
Divergent Evolution, and Colonizing Species.
At base, or $15.5 millions of additional funds, all studies can receive significant

support. Here also, however, some will be funded at levels well above one half
of the amount requested, others at levels well below one half the amount
requested.
At base plus 80%, or 27.9 millions, most of the studies can be funded at the

levels requested. Among them, the programs on Nutrition and on Biogeography
of the Sea are, in our opinion, least likely to be ready to use their estimated
requests.
These allocations represent our current view. Since the readiness of investiga-

tors may change, these allocations may be changed. It is expected, for example,
that allotments among the biome studies (except Grassland) may change as re-
search designs are developed.

Question 2.h.: How can modified goals be introduced and made acceptable to
the public and private organizations involved?
Answer: The mechanism for introduction and modification of goals is generally

described in the answers to Questions 1.c. and 2.b. Adhering to the organizational
structure described and with full interaction with the ICC changes would be
considered and courses of action decided. All means of communication available
would be pursued.
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Question 3. The name "International Biological Program" is not accurate as a
descriptor of the U.S. effort. "Why is it not changed, at least in the U.S., to one
of those suggested forms that is more descriptive?
Answer: The name "International Biological Program" was arrived at inter-

nationally and cannot be changed unilaterally.
Question 4. Briefly, what scientific, economic, or social benefits or advantages

relevant to national problems might accrue from a greater understanding of
natural or man-induced changes in the environment?
Answer: Benefits from the IBP, in contrast with those of many projects that

would be accomplished without the program, derive from the scope and degree
of integration that characterize the major studies. Synthesis of information
will produce a level of understanding in complex systems that is not otherwise
possible.
In this way, the scientific and management resources of the nation can be

utilized to a level commensurate with the problems of our time. As Dr. Ivan
Bennett testified recently in Congress:
"While environmental change is not qualitatively new, today's problems and

our concern are new because of the new quantitative aspect of the change—the
scale, variety, and speed of the changes in man's physical and social environ-
ment."
The Integrated Research Programs of the US/IBP provide a scale of synthesis

adequate to solve these problems. Our ability to predict the consequences of
new developments will be vastly improved. In similar fashion, we will be much
more able to locate the source of problems in the performance of complex systems,
so that we may correct the source rather than alleviating the problem with symp-
tomatic treatment.

Direct benefits will accrue to a wide array of major problems ranging from
urban violence to the preservation of natural areas, from the genetic and physio-
logic potential of man to the productive potential of the biosphere, and from the
acculturation of primitive people to the restoration of environmental quality.
In all of these, the scientific, economic, and social gains are inseparable.

Seemingly the President of the United States recognized the world-wide need
for this program and the scientific, economic and social benefits that it would
produce when he commented at Glassboro State College. on 4 June 1968:
"Scientists from this country and the Soviet Union—and from 50 other coun-

tries—have already begun an international biological program to enrich our
understanding of man and his environment.
"I propose that we make this effort a permanent concern of our nations. I

propose that the United States scientists join with the scientists of the Soviet
Union and other nations to form an international council on the human environ-
ment."
Comment: The four parts of this question all are concerned with national/

international participation in IBP research. The entire idea of a successful IBP
rests on the need for coordinated, cooperative efforts by scientists of all par-
ticipating nations; and with the interlacing of these efforts at all levels. This
concept embraces team efforts, preagreed individual efforts which when added
to all others presents a cohesive whole, agreed methods, and collection, storage,
retrieval and sharing of data.
Under the above concept it seems somewhat inappropriate to so partition

the U.S. national program from the programs of other nations that the purpose
of the international program is obscured.
Within the following answers an endeavor is made to retain as fully as possible

the concept of this comment.
Question 5. a.: "What benefits to the international effort might result from

U.S. participation in the IBP?
Answer: The first benefit of the IBP from U.S. participation is wider access of

the biologists of the world to the capabilities of U.S. biologists and their re-
search information. This is accomplished by joint participation in work sessions
and research projects, and by communication and by exchange of published in-
formation.
The unique technical capacity of this country in systems design and analysis;

and acquisition, storage, manipulation retrieval and availability of data will be
a large part of the above.

Question 5. b.: Identify any instances in which programs of other nations are
dependent on findings from U.S. studies. Include here, for example, ow known
cases in which basic knowledge resulting from U.S. studies is essential before a

29-576-69 7
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planned study can be successfully undertaken or completed by another nation.

Answer: The U.S. will be able to aid the scientific and technological advance

of developing countries ( e.g., those in Latin America) through its participation

in cooperative international programs. Interactions between US—IRP's and simi-

lar programs among participating nations will result in mutual overall benefit.

The apparent ones on which agreed interactions have been established are:

Human Adaptability Component
International Study of Eskimos—U.S., Canada, France, Scandanavia, and

probable participation of Russia.
Genetic Studies of American Indians—U.S., Venezuela, and Brazil.
Ecology of Migrant Peoples—U.S., Israel, Japan, Canada, and other possible

participation.
Biology of Human Populations at High Altitudes—U.S. and Peru, and develop-

ing participation of other nations,
Nutrition—worldwide coordination is involved and in the formative stage.

Environmental Component
Ecosystems Analysis—U.S., Canada, Mexico, and Latin America with world-

wide coordination established through SCIBP and being refined through

UNESCO conference on "The Rational Use of the Biosphere." Worldwide co-

ordination on Grasslands established through SCIBP.
Aerobiology—U.S., U.K., and Australia with worldwide coordination being

established through (1) First International Congress on Phytopathology and

(2) a SCIBP committee for establishing a worldwide network of monitoring

stations.
Phenology—International coordination in formative stages.
Biogeography of the Sea—U.S., U.K., Canada, Brazil, and other Latin Ameri-

can countries, Germany (FRG), Austria—SCIBP is fostering participation from
among nations that have special economic interests in marine spices and genera.
Convergent and Divergent Evolution—U.S., Venezuela, Brazil, Argentina, Chile,

Colombia, Peru, Puerto Rico, Uruguay, and Australia, and under the Hawaii Ter-
restrial Biology Subprogram—Pacific nations and territories: Samoa, Fiji, French
Polynesia, New Zealand, Australia, New Guinea, Indonesia, Philippines, South-
east Asia. Taiwan, and Japan.
Physiology of Colonizing Species—U.S., Venezuela, Brazil, Argentina, Mexico,

Colombia, Costa Rica, Chile, and Australia.
Other major studies that might be undertaken (potential IRP's) are discussed
under Questions 8a and 9b. International coordination and participation of for-
eign scientists in comprehensive workshops (program planning) in each of these
potential major studies have been accomplished.

Question 5.c.: Separately identify those studies in which the U.S. ought to be
an active collaborator with another nation in a jointly sponsored project and
emplain why.
Answer: The U.S. not only ought to be, but actually is, a collaborator with

other countries in several integrated IBP programs. The study of Eskimo peoples
higically involves nations with interests in the Arctic, hence the collaboration
of the U.S. with interested countries in studies of Eskimo populations is natural.
Studies of man's adaptation to high altitudes are of similar international in-
terest, and so are the studies of the genetics of American Indians.
The U.S. IBP is working in close collaboration with pertinent biologists of 8

South American countries in an assessment of the diversity and evolutionary
history of the biota of the Western Hemisphere. Specific programs include:
(1) Convergent and Divergent Evolution, (2) Physiology of Colonizing Species,
(3) Biogeography of the Sea.

Question 5.d.: By what means and to what degree should the U.S. (in the form
of the U.S. National Committee, the Federal agencies, or tke participating uni-
versities) foster development of research studies involving close collaboration
with other nations?
Answer: The U.S. organization for IBP should take, and already has taken, a

strong role in fostering the development of research studies that involve close
collaboration with other nations. This has been .particularly. true of Latin
America, where large numbers of Latin biologists have become involved in co-
operative U.S.-Latin American efforts through the intervention of U.S. scientists.
The holding of three U.S.-sponsored IBP conferences in Latin America (Con-
vergent and Divergent Evolution and Physiology of Colonizing Species in Vene-
zuela, and Plants Under Stress in Costa Rica) has greatly stimulated Latin



95

American participation in the IBP and coordination of their research programs
with those of the U.S. Two conferences (Biology of Human Populations at High
Altitudes and another dealing with Population Genetics of American Indians)
held in Washington have had strong participation by Latin American biologists.

Question 6: In what way will the over-all international program, or the pro-
grams of other specific countries, benefit the U.S.?
Answer: The over-all international IBP will benefit the U.S. in various ways:
(1) it will provide the best assessment presently available of the state of

preservation or deterioration of the biosphere.
(2) It will provide the bases for predicting future changes in the biosphere an

a result of man's activities.
(3) It will permit comparison of similar ecosystems of the world under rela-

tively different levels of human exploitation.
(4) International coordination and cooperation under the IBP should acceler-

ate the development of basic scientific knowledge and technological "know-how" of
developing countries and hence reduce the financial burden which the U.S. has
borne for development of such countries.
(5) It will increase basic knowledge of the biological diversity of the world

in which we live.
Question 7: The terms problem, project, program, study, integrated study, and

others have been used in various ways in referring to IBP undertakings. To
minimize confusion in interpreting responses to the questions below, we ask that
the Committee explain the terminology that should be employed, and is em-
ployed by the Committee, in referring to IBP undertakings of various sizes,
scopes, complexities, and interrelationships. Our term "major study" is intended
to refer to something roughly equivalent in scope to the "grassland project", but
it is intentionally left vague 80 the Committee can interpret "major study" in
terms appropriate to its answers.
Answer: It is important that the answer to this question be clearly understood

among all Federal agencies and among all scientists participating in the US/IBP.
The U.S. effort has produced two general types of proposals; (1) proposals for
central coordination and operation of integrated research programs and sub-programs and (2) project proposals. The latter may be submitted in either of
two ways. First, separate project proposals representing essential components of
IRP's may be submitted to different granting agencies. Second, project proposalsgenerated independently by investigators responding to the nation-wide invita-
tion of USNC/IBP may be submitted to one or more granting agencies.

It is the strong opinion of the USEC/IBP that IRP proposals and related
essential components can be evaluated for support only by the ICC. Evaluation
of such proposals by scientific review panels and study sections of granting
agencies usually results in extensive misunderstanding, prolonged explanations,frequent observations by the panel involved that the IRP proposal does not
fall within the panel's established field of review.
With the above background the following definitions are offered:
1. Man's Survival in a Changing World: the theme of the U.S. effort.
2. Components: the primary elements of the theme; they are:

(a) The Human Adaptability Component and
(b) The Environmental Component

3. Integrated Research Program (IRP) : within one of the defined components,
a program to provide central services, coordination and synthesis of scientific
results of a group of subprograms and projects. Established IRP's are listed in the
answer to Question 2a. Examples are "International Study of Eskimos," "Genetic
Studies of South American Indians," "Ecosystems Analysis," "Convergent and
Divergent Evolution," "Biogeography of the Sea" etc.
4. Potential IRP: a specific subjective area in which one or more working

conferences have been conducted for the purpose of promoting program planningfor an IRP; but in which agreed relationships have not been established andprogram development has not yet been proposed to and approved by the USEC/IBP. Examples are "Ecology of Nitrogen," "Plant-Insect Chemical Interactions,"etc. A complete listing will be shown under Question 9b.
5. IRP Subprogram: a major subdivision of an IRP. Examples are the six

biomes of "Ecosystems Analysis" ("Grasslands," "Deciduous Forests," "Conif-erous Forests," "Tropical Rain Forests," "Tundra," and "Desert"), the several
subprograms of "Convergent and Divergent Evolution" etc. All include a signif-icant number of projects, coordination of which is sufficiently complex as torequire this intermediate level.
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6. IRP Project: a basic element of an IRP. The project proposal may be (1)
self-contained within an IRP or an IRP Subprogram or (2) submitted sub-

sequent to submitting an IRP proposal.
7. IRP Proposal: a proposal to the ICC for support of an IRP as defined above.

An IRP proposal requires approval of the USEC/IBP prior to submission to

the ICC.
8. IRP Project Proposal: a proposal to a granting agency or agencies for sup-

port of an IRP project.
9. IBP Related Project: a proposal independently developed and submitted

to a granting agency; and as a related matter submitted to the IBP Staff for

identity with the "U.S. Research Studies for the IBP" as defined above. When

funded, such projects are not included within an IRP until coordination between

principal investigators results in mutual acceptance of the principles and details

of program coordination.
Question 8. a.: What are the presently identified major studies?
Answer: Twelve major studies of the US/IBP are specifically identified as

IRP's. These are described in some detail in the answer to Question 2a. In addi-

tion, the following are in various stages of development:
1. Ecology of Nitrogen
2. Biological Control (three parts)
3. Crop Production under Stress
4. Productivity and Conservation of Marine Mammals
5. Conservation of Genetic Materials

Question 8. b.: For each major study describe the scientific purpose, its ex-
pected contribution toward IBP objectives, and the presumed benefits in approxi-
mate order of importance that can be anticipated.
Answer: For the 12 major IRP's the descriptions are to be found in the answer

to 2a. Descriptions of the 5 additional major studies named above are as follows:
1. Ecology of Nitrogen—Considering the over-all need for a program to pro-

vide nitrogen in a fixed form to meet the needs for an adequate world food supply,
it is necessary to obtain information on the following general subjects:

a. The evaluation of the nitrogen status of the world both in isolated native
ecosystems and in broader socio-economic structures with particular emphasis
on man.

i. The determination of the significance of symbiotic nitrogen fixation,
both by legumes and by nonleguminous plants—microbial associations in
native ecosystems.

ii. The determination of the extent of nonsymbiotic nitrogen fixation in
tropical, temperate and arctic climates.

b. A comparative study of the protein and caloric yield of leguminous plants
utilizing atmospheric N2 as a nitrogen source as contrasted with (a) leguminous
plants grown on exogenously supplied nitrogen, and (b) other plants, particularly
cereals, utilizing exogenously supplied nitrogen at optimal levels.

c. A combined economic and sociological study to determine the optimum com-
parative balance between the dependence upon biological systems for nitrogen
fixation and the use of industrially fixed nitrogen fertilizers, taking into con-
sideration the potential for a given area to produce biologically fixed nitrogen in
terms of its food needs as contrasted with the economics and logistics of provid-
ing industrially fixed nitrogen.

d. A study of the effect which the use of nitrogen fertilizers may have on the
quality of the environment with special reference to:

i. The contribution of nitrogenous fertilizers to nitrate in ground water,
levels of nitrate in ground waters which can be tolerated over a long-term
basis, and means for minimizing this contamination.

ii. The effects of high levels of nitrogen fertilization upon the quality of
food products.

iii. The potential effect of nitrification inhibitors on the quality of food
products.

e. A critical evaluation of the extent to which an energy input for the indus-
trial fixation of nitrogen in a given social unit can, by the increased production
of food in that unit, result in an increased total efficiency and a higher living
standard.

f. The expansion on all parts of investigations concerning the processes of
nitrogen transformation with special emphasis on the processes of nitrogen
fixation, nitrification, denitrification and the movement of nitrogen in soils and
ground waters. Although information is necessary in all of these areas, some of
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them are more critical than others and some of them are more amenable to im-
mediate solution under a biological program. The present proposal concerns itself
only with the following specific items.

i. An evaluation of nonsymbiotic nitrogen fixation in tropical, temperature,
and arctic climates both in native systems and in agricultural environments.

ii. A comparative study of nonsymbiotic nitrogen fixation and the use of
industrially supplied nitrogen fertilizers in meeting the nitrogen needs for
efficient food production.

iii. The nitrification reaction as carried on by autotrophic organisms and
hetetrops in relationship to agricultural practices.

iv. The significance of nitrates in ground waters, streams and lakes and
mechanisms for maintaining the qualities of these waters.

v. Systems of nitrogen loss including leaching and denitrification reactions.

Coordination and Administration
The coordination of such a program of study should yield results beyond those

which could be expected from a number of independent workers communicating
only through the journals or occasional scientific meetings. It would be desirable
to offer coherence, coordination and direction by the provision of some adminis-
trative structure for the activity. A possible mechanism would be to have a pro-
gram coordinator who would have over-all responsibility and would perform
these duties in addition to his ordinary research activities. He could have an
advisory committee consisting of either the Production Processes Subcommittee
of the IBP National Committee or another group of individuals selected by the
Production Processes Subcommittee to guide him in the selection and coordina-
tion of programs and other policy matters. He would profit by having a program
administrator who would handle matters of communication, budgeting, publica-
tion and other details.
2. Biological Control—This subject has developed along three lines. They are:
a. Plant/Insect Chemical Interactions—It has been shown that plants contain

highly active substances that may attract insects for feeding, for mating, or for
oviposition. Such substances may be highly selective in their biological activity.
Intensification of research in this area could contribute to the ultimate goal of
achieving effective, safe, and more specific insect control methods. Highlights
of research developments are reviewed in this report.
Although full knowledge of the toxicology of these new types of chemicals

derived from plants and animals is lacking, there is every indication as developed
during the conference that they are highly selective in action on insects, often
on a narrow range of closely related insects. Thus, the hormonal and other new
types of growth- and behavior-regulating chemicals offer opportunities for de-
veloping new classes of biologically active agents that are selective in action
of destructive insects, without hazard to man and his environment. Moreover,
unique biological properties of these agents, such as delayed disruption of insect
development, interference with reproductive processes or changes in the behavior
of insects could lead to highly effective, safe, and novel approaches to insect
control.

Efforts need to be maintained on such alternate methods in order to develop
the most effective and acceptable approaches to insect control. However, other
new approaches may materialize as the result of basic research on fundamental
life processes in insects. As revealed in the work conference, rapid progress has
been made in establishing the presence of, and in, the isolation and characteriza-
tion of natural agents in insects that regulate insect development and behavior.
Moreover, it has been shown that some of the natural growth regulating chem-
icals that occur in insects may also occur in plants and in animals other than
insects. Chemists have succeeded in synthesizing several of these natural agents,
including the juvenile hormones and ecdysones. New chemicals, structurally re-
lated to naturally occurring chemicals, are being synthesized which may possess
biological activity greater than the naturally occurring parent compounds.
The goals in insect/plant interactions would be to gain information on, and

eventually develop for practical use, naturally occurring hormones in insects
and/or plants for the selective control of destructive insects. without creating
adverse effects on nontarget organisms in the environment. Practical achieve-
ments, based on current rate of progress in this field, could be realized in two
years, but a period of five years would be needed to fully explore the potential
for this approach to insect pest control.
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b. Plant/Plant Chemical Interactions—A great variety of substances produced

by plants or animals stimulates or depresses the development and growth of

neighboring organisms. Local concentrations of wastes or other animal excretions

may be sufficient to exert measurable influences, but chemicals of plant origin are

more abundant and generally are more complex so that they are of more wide-

spread consequence in the natural environment.
Inhibiting or stimulating effects may be produced by substances released from

one plant when they contact another plant of the same or a different kind. The

active substances may be synthesized in any part of the donor plant and may

be released by volatilization, excretion, leaching, leakage, or during decay of

dead matter. These phenomena appear to be universal in occurrence and of

great importance in natural and managed vegetation. They affect productivity

(including crop yields), nutritive value, susceptibility to disease, nutrient cycling
(for example, by inhibiting nitrifying organisms), and they are of primary im-

portance in population density control and in the development and maintenance

of pattern in vegetation.
The immediate objectives of this program are: (1) to discover plant species

that release, from living or dead tissues, chemical substances which stimulate

or inhibit the germination, growth, or reproduction of other plants or micro-

organisms and to determine the effects of such substances on the structure and

function of natural and managed ecosystems; (2) to determine the identity of

the chemical substances involved, to discover their pathways of synthesis, move-
ment, and accumulation within the donor plant and how these processes are
affected by genetic, physiological, and environmental conditions, and to deter-
mine the mechanisms by which the chemicals escape; (3) to determine the fate
of such chemicals in the environment, including sites of accumulation in soil,

structural alterations by micro-organisms or soil chemicals, secondary com-

pounds formed by breakdown, and duration under various conditions and in
different habitats; and (4) to determine the mechanisms of entry into receptor
plants and the mode of action that stimulates or depresses vital processes of the
receptor.
The ultimate goal of the program is to relate the knowledge produced by

its basic research to more effective management of the earth's landscape, espe-
cially to the production of agricultural crops and other usable plant products.
Stimulatory substances appear to have a potential to increase crop production
beyond levels obtainable with fertilizers and other amendments in current use.
Depressants, or inhibitors, probably will be discovered which will allow highly
selective elimination of undesirable plants from croplands, rangelands, forests,
and other managed areas. Synthesized biochemicals may be used to effect rapid
reforestation of cutover, cleared, or burned sites or they may be used to prevent
the growth of all or selected species of trees and shrubs. Management of the last
type could be used immediately for low-cost maintenance of highway and utility
rights-of-way and to create and maintain open fields for aesthetic or utilitarian
purposes. It also could be employed to maintain fallow cropland in an easily
reclaimable condition. Research Proposal Received (9 July 1968) : Subpro-
gram A. Biochemical interactions in natural and semi-natural ecosystems (in-
cluding forestry, range management, landscape management, and related less
intensive management).
Terpene release and its effects on neighboring vegetation in pine stands in

Southeastern United States (H. Lieth, University of North Carolina).
Chemical interactions as driving and retarding mechanisms in vegetation

development on disturbed soils (J. McCormick, Academy of Natural Sciences of
Philadelphia).

Inhibitory effects of sunflower on associated species in fallow cropland (R.
Wilson and J. McClure, Miami University, Ohio).
Production by seed plants of chemicals inhibitory to microorganisms and

higher plants and the roles of such substances in old-field succession (E. L.
Rice, University of Oklahoma).
Role of biochemical interactions in the vegetation of the later stages of old-

field succession (R. B. Hanawalt, University of Pennsylvania).
Biochemical interactions among some woody plants of central New York

(K. L. Greene, State University of New York, Morrisville).
Role of biochemical interactions in the establishment of alien plants in

mature forests ( M. F. Buell, Rutgers, The State University of New Jersey).
Inhibition of nitrification in climax vegetation (E. L. Rice, University of

Oklahoma).
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Subprogram B. Biochemical interactions in intensively managed ecosystems
(agricultural, horticultural, and related).
Study of phytotoxic substances in crop residues and microorganisms and

their effect on subsequent crop growth (T. M. McCalla, Nebraska Agricultural
Experiment Station).
Role of ethylene in competitive relationships between crop plants and weedy

witch grass (Agropyron repens) (K. P. Buchholtz, University of Wisconsin).
Subprogram C. Genetics, physiology, and structure of stimulatory and in-

hibitory plant substances (studies not related to direct vegetation effects).
Composition of terpenoids in conifers (E. Zavarin, University of Californa,

Berkeley).
Physiology and genetics of terpenoid production in conifers (E. Zavarin,

University of California).
c. Biological Control of Pest Insects and Mites—A great many of our arthropod

pests are aliens from foreign lands that have arrived here without the natural
enemies that hold them in check in their home environments. Chemicals used
against such pests of our crops often entail the destruction of the endemic ene-
mies of formerly innocuous alien or endemic species, occasioning the appearance
of such species as "new" pests. Moreover, use of such chemicals often results in
development of resistance to the chemicals used against them and further aggra-
vation of the problems. Importation of the enemies of the alien pests and conser-
vation and encouragement of endemic enemies of both the alien and resident pests
often serves to alleviate such problems in ways that do not add to the ever-
increasing load of environmental pollution by use of pesticides.
A program of biological control of pest species bears directly on the main theme

of IBP, that is, productivity and human welfare. It is a means of managing our
agricultural environment with proper concern for long-term human needs. It is
directly related to productivity in that pest species can so greatly reduce produc-
tivity, particularly the yield to man, if they are not controlled, and it is directly
related to human welfare in that control by their enemies is not attendant with
the environmental pollution and direct hazards to humans and to wildlife that is
occasioned by use of toxic chemicals.
The above three elements of Biological Control have been grouped and have

been included at the 6th step in the funding estimates at Question 2g.
3. Crop Production Under Stress—The clear necessity of matching food pro-

duction to the needs of the world's population requires an accurate knowledge of
the factors limiting primary production in the various regions and environments
of the globe. The objectives of this program are: (1) to identify the environmen-
tal factors that limit production of plant materials, particularly foodstuffs; and
(2) to encourage and coordinate research on the nature of the physiological re-
sponses of plants to environmental stresses.

Recognizing the limitations of time, funds and personnel, this program focuses
on certain immediate problems of a specific nature in the Western Hemisphere.
These are: (1) increasing plant tolerance to drought, (2) increasing plant toler-
ance to temperature extremes, and (3) increasing rooting zone volume particu-
larly in tropical soils. The program encourages investigations of environmental
factors using an international team approach with local and visiting scientists
working together. Concomitantly with field studies, laboratory and model studies
are encouraged. The end results of this program will provide a logical basis for
manipulation of the environment and biological factors involved in plant pro-
duction.
This Potential IRP is included at Step 7 in the funding estimates in answer

to Question 2g.
4. Productivity and Conservation of Marine Mamma/s—Marine mammals are

largely pelagic, truly international, and represent a large source of protein and
fats. Their exploitation has largely been heedless of biological realities so that
population after population has been drastically depleted. It is striking that the
adaptation, systematics, distribution and abundance of most species remain
uncertain or unknown.
Current research on marine mammals in the fields of systematics, behavior,

physiology, acoustics and anatomy is urgently in need of expansion and integra-
tion so that an intelligent approach to this major resource will evolve, on a
national and international level. The IBP offers the best opportunity to gather
together research-oriented marine mammalogists into a comprehensive, inter-
national, non-political program. The U.S. program will initially establish a
Marine Mammal Coordinating Council to integrate existing programs, will aid
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to develop a Central Museum Repository for specimens, and a liaison with the
National Oceanographic Sorting Center will investigate a training program for

students, will sponsor international marine mammal symposium, and will coop-

erate closely with several other phases of the US/IBP (phenology, human
adaptability, biogeography of the sea, etc.). Broader research programs will
develop with sea-going logistics, paramount among which is a ship or ships espe-
cially committed to the program ( oceanographic and/or commercial vessels) and
capable of capture and observation of specimens.
The U.S. program is in close liaison with the international program through

the PM Section of the U.K. Already, viable programs, especially in population
dynamics and behavior, are emerging in the U.K., U.S.S.R., and Japan, among
others.
Only by developing a strong U.S. program with international ties will we collec-

tively develop effective research leading to a full understanding of even a portion
of the aquatic adaptation of marine mammals. Only by understanding those
adaptations will use and management be approached intelligently on a world
basis and the full potential of marine mammals be realized. The IBP represents
perhaps the last great opportunity fully to understand these unique and histori-
cally important animals for their own sake and for the benefit of man.
This Potential [RP has been included at step 7 in the funding estimates in

answer to Question 2g.
5. Conservation of Genetic Materials—The genetic resources of plants by

which we live are dwindling rapidly and disastrously. Yet these are the very raw
materials on which plant breeding and related agricultural research depend for
increasing production efficiency.
The United States, with no native resources of major crop plants, has Agency

programs (USDA) on the introduction, evaluation, and conservation of genetic
materials from abroad. There is a national need to assure the protection of these
invaluable resources on a world-scale through fundamental research. These
efforts will provide future generations with one of the most powerful, single
weapons for agricultural improvement.
In the international field, IBP is a source of scientific expertise in problems

of exploration, utilization, and conservation of plant gene resource; since these
are essential to developing and developed countries alike. On the national scene,
IBP is a vehicle for relating research in the academic area to the needs of
Agency programs of plant introduction, utilization and conservation.
These programs will benefit from new inputs in crop evolution, systematics,

and plant geography as they relate to world centers of diversity. The remarkable
changes undergone by cultivated plants in a very short period of time and the
projected changes in the future offer remarkable opportunities to study primi-
tive crop ancestors and their weedy relatives as a basis for more effective pro-
grams of plant exploration, use, and conservation of this essential base of crop
variability.
Outputs of the IBP efforts in conservation of genetic materials are (1) effect-

ing support in FAO for a program officer on plant introduction and (2) the de-
velopment in 1968, of a text on plant introduction methods for college use and
as a guide for developing countries. A US/IBP input of national interest is a
symposium on Centers of Plant Diversity and Conservation of Germ Plasm at
the forthcoming AIBS meeting, Columbus, Ohio.
The Presumed Benefits of the Major Studies follow:

I. HUMAN ADAPTABILITY COMPONENT

A. INTERNATIONAL STUDY OF ESKIMOS

1. Definition of environmental limits of adaptive process.
2. Biological and behavioral mechanisms of population regulation among peo-

ples living in a harsh environment.
3. Growth norms for Eskimos.
4. Dental and medical health of Eskimos.

B. POPULATION GENETICS OF AMERICAN INDIANS

1. Baseline studies of primitive peoples providing insights into biological and
behavioral adaptive capabilities of modern man who lives under rapidly chang-
ing stresses

2. Dental and medical health of American Indians
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C. BIOLOGY OF HUMAN POPULATIONS AT HIGH ALTITUDES

1. Definition of environmental limits of adaptive process.
2. Biological and behavioral mechanisms of population regulation among peo-

ples living in harsh environment.
3. Insights into mechanisms of cardiovascular diseases (Incidence of these

diseases low among people living above 10,000 feet).

D. NUTRITIONAL ADAPTATION TO ENVIRONMENT

1. Definition of requirements for nutrients among peoples living under envir-
onmental extremes.

2. Insight into cultural differences in food habits and their nutritional conse-
quences.
3. Definition of minimal requirements for nutrients.

E. ECOLOGY OF MIGRANT PEOPLES

1. Insight into biological and behavioral adaptations made by migrant groups.
2. Insight into processes of unrest during social change.
3. Insight into adaptive capacity for stresses of urbanization and

industrialization.
II. ENVIRONMENTAL COMPONENT

A. ANALYSIS OF ECOSYSTEMS

The six biome studies are further integrated through a central program, which
could be considered a major study in itself. The benefits of this central program,
which apply also to the biome studies, are:
1. Understanding of ecosystem principles.
2. Landscape management for the maintenance of environmental quality.
3. Resource management for optimal land use.
4. Resource management for multiple use.
5. Potential for the production of biological products useful to man.
6. Conservation of water supplies.
7. Baseline studies for programs of weather modification, pollution abate-

ment, etc.
B. AEROBIOLOGY

1. Document the pathways and mechanisms of atmospheric dispersal in the
biosphere.
2. Clarify routes of transmission of airborne diseases.
3. Document the dispersal of allergenic substances.
4. Produce information on the dispersal of harmful airborne pollutants.

C. PHENOLOGY

1. Produce climatic maps that integrate many weather variables in ways most
meaningful to plants and animals.

2. Produce seasonal schedules of natural events that are most useful in many
problems associated with agriculture, forestry, pest control, and conservation.
3. Through a better understanding of mechanisms, a better ability to predict the

viability of an organism in a new environment, and of traits to be selected in
breeding.

D. CONVERGENT AND DIVERGENT EVOLUTION

1. Provide an up-to-date and scientifically accurate assessment of the diversity
that exists in tropical ecosystems and a scientifically definable theory as to how
that diversity has come about.

2. Lay groundwork for increased knowledge of tropical ecology. Acquisition
of such knowledge has priority if the present trend toward reckless and scien-
tifically unbased exploitation of tropical systems is to be reversed.

3. Boost the quality of basic biology in the Latin American countries, and
the conferences and intercommunication under this program have already demon-
strated that it is quite possible to break down the traditional national barriers to
scientific cooperatiton that have plagued Latin American science.
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E. CONSERVATION OF ECOSYSTEMS

1. Provide an inventory of those natural areas which this country has al-
ready set aside for conservation and for research. This is being done at the
levels of the Federal structure, state governments, and the private sector. Such
an inventory is essential to an assessment of our needs for additional areas.

2. Provide an inventory of high priority areas for preservation in all of the
New World, through collaboration with counterpart scientists of this hemisphere.

3. Stimulate conservation efforts by groups other than the IBP task force,
and these activities should foster an increased awareness by the general public
of the need for conservation or representative samples of ecosystems.

F. BIOGEOGRAPHY OF THE SEA

1. Increase knowledge of how economically important estuarine animals re-
spond genetically and physiologically to latitudinal gradients.

2. Increased cooperation and joint training among North and South American
scientists. Among other things this will enhance basic skills and knowledge of
an important food resource (i.e, estuarine organisms).

G. PHYSIOLOGY OF COLONIZING SPECIES

1. A much better understanding of why some species are capable of becom-
ing "weeds," while most lack such capability. Applications are obvious for present
and future management of the earth ecosystems.

2. Promote competence in basic biology in the collaborating Latin American
countries.

H. CROP PRODUCTION UNDER STRESS

1. Heat, cold, moisture and root volume are major parameters determining
crop yields. In many environments, yields might be doubled by use of better
adapted plants and the manipulation of plants and these environmental variables.

2. Crop stress problems are of critical importance in developing countries
where, for example, drought often means starvation for many people.

I. ECOLOGY OF NITROGEN

Efficient use of nitrogen could save billions of dollars in cost, enhance the
world's food supply and contribute substantially to the quality of our environ-
ment.
1. In the U.S., we add 6 million tons of nitrogen fertilizer annually. Current

dollar return shows a 3:1 advantage and use is increasing rapidly here and in
all the world. Use must increase to feed the world.
2. Biological fixation of nitrogen by legume-bacterial symbionts, free living

bacteria, and blue green algae, together with nitrogen compounds entering the
biosphere dissolved in rain, are the replenishing nitrogen sources which, together
with decomposition of crops and other residues contribute most of the nitrogen
in harvested crops of the world at present levels of fertilizer usage.

3. As nitrogen availability increases, efficiency of use by plants diminishes.
As we double current applications, no more than half the additional amount will
be harvested. The remainder will enter the environment, chiefly through the
atmosphere.
4. Some will enter the runoff water and contribute to eutrophication, some may

enter ground water.
J. BIOLOGICAL CONTROL

1. When feasible, plant diseases, insects, and weeds can assure food production
without the cost and hazards of chemical control and save many billions of
pounds of food. With respect to plant diseases, genetic resistance is a major tool
in current use in all developed countries. Biological control of insects and weeds
has been substantially replaced by chemical control, resulting in persistent resi-
dues of chlorinated hydrocarbons, and sometimes of mercury or arsenic in the
biosphere.

2. Feasibility of biological control of scale insects, for example, is established.
Viral and bacterial insect pathogens are potentially safe and useful. Parasites
and predators offer further possibilities as does the sterile male technique. The
U.S. can gain immensely through biological materials obtained in areas of origin
of our crop plants—where the parasites and predators of their insect pests may
be found. Developing countries have most to gain.
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K. CONSERVATION OF GENETIC MATERIALS

1. The spectacular success of IR-8 rice and Mexipak wheat illustrate the
benefits to be derived from fortunate combinations of genetic materials. IR-8 was
derived from the eighth cross of rice made at IRI. Mexican wheat incorporated
the dwarf gene, originally found in Japan, and used earlier in producing Gaines
wheat in Washington State. The current incorporation of genes for high lysine
and high protein found in Indiana into the maize of many countries using this
crop as a food grain is further evidence of potential.

2. Sorghum and cassava present other opportunities, indeed every plant does.
But since half the world's food is cereal, and source yield, composition of product
and disease resistance are all subject to biological manipulation, cereals are of
first concern.

L. PRODUCTIVITY AND CONSERVATION OF MARINE MAMMALS

1. Complete knowledge of the distribution and abundance of mammals such
as the Antarctic phocids, the smaller cetaceans, and the northern mammals asso-
ciated with pack ice.
2. The conservation of species currently comparatively unexploited but which

could and probably will be increasingly used as a source of food.
3. Studies must be international, and such a broad program can only be effec-

tively pursued under a program such as the IBP.
4. This research will require significant advances in underwater telemetry and

observation techniques, development with considerable application to many
other oceanographic fields.

Question 8.c.: Describe the ways in which these benefits are relevant to solu-
tion of current national problems and expected future problems.
Answer: This question has been previously answered, in a general way in

the answer to Question 4 and in detail in answer to Question 8b.
Question 8.d.: Which of the benefits described might be quantifiable?
Answer: From the observations and data accruing in these IRP's, the several

benefits should be quantifiable, and be directly applicable to the solution of
national problems.
Question 9.a: For each develop displays (suggested formats are attached)

showing significant dates for the study, funds required for each stage of develop-
ment, and kinds of activities included.
Answer: The requested tables are shown at end of appendix C.
Question 9.b.: What other major studies might be undertaken?
Answer: The following major study might also be undertaken: Chronobiology—

the study of the temporal characteristics of biologic phenomena including as
subspecialities : a) Chronophysiology—study of physiologic factors underlying
biologic temporal characteristics, e.g., adrenal, renal and metabolic factors under-
lying the phase-shifting of rhythms following intercontinental flights (see be-
low).; b) Chronopathology—study of alterations in biologic temporal charac-
teristics as 1) functions of disease, and, what seems more important, as 2) deter-
minants of disease; c) Chronopharmacology—study of drug effects 1) upon bio-
logic temporal characteristics and 2) as a function of biologic timing. Thus, by
improving the toxic-therapeutic ratio of a drug, added benefit may be derived
from now conventional therapy, e.g., a reduction of side effects. More important,
to the extent that rhythm alteration, e.g., circadian desynchronization, contributes
as a determinant of disease, new therapeutic applications may be found for now
conventional drugs (e.g., ACTH for resynchronization) or new drugs may be
developed; d) Chronotoxicology—study of undesired or harmful effects from
chemical, physical or other agents, including poisons, pollutants and overdoses of
drugs 1) upon biologic temporal characteristics and 2) as a function of biologic
timing. Work in any one of these subspecialities is within the scope of the pro-
gram since such work depends heavily upon the quantification of biorhythms and
the phase shifting for the study of interactions among rhythms.
The international program on chronobiology includes among its aims:
1) Rhythms as Chronobiologic Reference Standards for Biomedical Ap-

plications:
From rhythmometry, endpoints will be sought to complement various ranges,

zones or percentiles of most frequently encountered "Normal values" in a given
variable and population. Thus, reference standards will become available from
different, geographic settings for rhythms in body core temperature, 17-hydroxy-
corticosteroids in plasma and/or urine and other physiologic variables. Among
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others, circadian, circaseptan, circavigintan and menstrual, as well as circannual

spectral components are to be mapped. Under several specified conditions to be

standardized, the overall level of each variable, C0; the extent of any predictable

rhythm, i.e., the amplitude, C; and an estimate of the rhythm's timing, the

acrophase, 0, are to be determined—to assess the degree of generality, the relia-

bility and potential applications for chronobiologic information in several popu-

lation groups.
2) Facilitation of Rhythm Shifts Required to Odd Work Routines or Inter-

continental Flights:
To study the effect of rapid shifts in work-rest routines upon circadian and

other rhythms—in the absence and presence of geographic displacement. The
corresponding phase shift of rhythms will be evaluated primarily on healthy
volunteers, first without displacement across time zones into a new societal as
well as geographic setting such as that encountered after intercontinental flights,
and thereafter with the addition of such flights, involving rapid crossings of
time zones. In this stage of study, flights in an East <—> West direction will
be controlled by "up-down" flights involving circling above the point of departure
and results will be compared also with effects of North <—> South flights.
Several large-scale studies on "passenger" and "crew" type subjects will be
aimed at checking on earlier findings suggesting that delays of rhythms are
physiologically more favorable than advances thereof, in that the number of
transient cycles required for adaptation to a new time routine thus is reduced.
Further work will be done to determine the potential deficit in terms of mental,
circulatory and other performance immediately following a shift in routine
or an intercontinental flight.
Question 10.a.: What are the priorities assigned to the major studies?
Answer: These priorities are described in detail under Question 2.g.
Question 10.b.: On what basis are they assigned?
Answer: Basis of Assignment of Priority:

(1) Relevance to IBP.
(2) Relevance to fundamental understanding of urgent national problems.
(3) Funding status, e.g., now funded or new proposal.
(4) Conceptual clarity of program proposal.
(5) Competence of responsible investigators in research administration.
(6) Potential for successfully becoming a major interdisciplinary

investigation.
(7) Potential for relating to on-going or planned federal departmental

research.
Question 10.c.: What group is or should be responsible for making and changing

the assignments?
Answer: The U.S. Executive Committee for the IBP is responsible for making

and changing priority assignments.
Question 10.d.: In what fashion should the priorities be readjusted, assuming

The same changes in IBP funding used in responding to Question 2.g.
Answer: Most of the major programs proposed for the U.S. are best funded

at least 50% of requested budget. These programs have been conceived as innova-
tive multidisciplinary approaches to fundamental questions. When funds are less
than optimal high priority IRP's should be funded to at least 50% and remaining
funds should be distributed to other IRP's so that planning of research design,
development of innovative methodology, and pilot studies can proceed. As more
funds become available, the active research phases of these IRP's can be initiated.

Question 11.a.: What should be the duration of the U.S.-IBP effort, and what
are the factors that should influence the choice of any particular time frame?
Answer: The ICSU proposal for an IBP defined a 2 year planning phase ter-

minating in July 1967 and a 5 year research phase terminating in 1972. In de-
scribing these limits ICSU has carefully pointed out that:
• The dates assigned are primarily for administrative program definition.
• The planning activity is a continuum extending from several years prior to

1965 through the entire administrative life of the program on into efforts that will
follow the administrative end of the IBP.
• The research and coordination initiated within the IBP will certainly con-

tinue after the terminating date of the program.
The factors that influence the choice of the time frame are:
International agreement among ICSU members on the dates selected. The

U.S. National Academy of Sciences is an ICSU member. The agreements involve
representative scientific bodies of 54 nations ( the U.S. National Academy of
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Sciences, the National Academy of Sciences of the U.S.S.R., the British Royal
Society, the French National Academy—etc.).
The recognized urgency for establishing the coordination and accomplishing

the research described.
The success achieved to date in obtaining the agreed participation of a great

number of scientists.
Question 11.b.: What type of further activity might the Governirnent be oaUed

upon to support after formal termination of 'BP?
Answer: In general the Government might be called on to support any signifi-

cant efforts associated with the IBP. These efforts might be identified (1) dur-
ing the IBP, or (2) at the termination of IBP, or (3) prior to the IBP.
The President of the United States identified one such effort when he stated:
"I propose that this effort (IBP) be a permanent concern of our nations. I

propose that the United States scientists join with the scientists of the Soviet
Union and other nations to form an international council on the human enviro-
ment."
'Another is the recommendation for the establishment of a "National Center for

Ecology."
There seems to be a high probability that the SCIBP recommendations for the

"establishment of a world network of monitoring stations" will lead to a long
term effort requiring U.S. Government support. The associations of the U.S.-
IRP's, "Aerobiology" and others with the SCIBP recommendation will require
intensive coordination. There seems to be no doubt that this coordination will be
achieved.
It is certain that the IRP's now being developed and the coordination now

being accomplished will lead to long term programs requiring Government sup-
port.
Question 11.c.: If follow-on programs are advisable, what group should be

responsible for initiating action?
Answer: Initiating action for follow-on programs might come from a variety

of sources. The President of the United States has already taken one initiating
action by recommending a world council on human environment. Other initiating
actions should originate from recommendations of the USEC/IBP, recommenda-
tions of the President's Science Advisory Committee, legislation introduced in
the Congress, recommendations of ICSU, the UN and its agencies.

Question 12.a.: From what non-Federal sources, and if possible, in what
amounts, might funds be provided to augment IBP support, e.g. states, local gov-
ernments, universities, industry, private foundations?
Answer: It is hoped that support from private sources to IRP's and projects in-

cluded within the IBP will increase as programs are further refined. Currently

the foundations appear to consider individual proposals on their specific merit

and pertinence to the objectives of the foundation with little regard as to their
application to goals of the IBP. Only two projects supported by private founda-
tions are currently within the program. Attempts to have the private foundations
propose on-going work for the IBP have not been successful. Two of the States
are supporting work directly applicable to the Nutrition IRP. Efforts to arouse
the interest of the Agricultural Experiment Stations have produced little results.
Sufficient staff and funds for more direct personal contacts with industry and
with state and other non-Federal agencies have not been available. Practically all
universities receiving grants from the Federal agencies contribute a considerable
share of the total expenses of the research approved from their own resources.
This support is detailed in the applications for Federal support. There seems
little probability of substantial support from any sources other than Federal.

Question 12. b.: If significant sums can be procured from non-Federal sources,
what implications might this have on the Committee's over-all supervision, co-
ordination, and guidance of the IBP effort?
Answer: Non-Federal sources provide funds for research that they have ap-

proved in detail. Such work may have already been within a planned IRP, or di-
rectly related to IBP goals. It is coordinated between individual scientists. Sup-
port from non-Federal sources would be welcome to the Committee and would
give no particular coordination problem. However, as indicated in 12a, efforts
to obtain support for the U.S. participation in IBP have proved nearly fruitless.

Question 13: What advantages (or disadvantages) might result from handling
IBP as a national program with a special budget rather than as a series of related
projects relying on existing budget items.
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Answer: It is the considered opinion of all members of the USEC /IBP that

the U.S. effort requires a national budget program with a special budget. A less

comprehensive approach will result in destructive competition for money among

principal investigators; and the goal of sophisticated coordination among scien-

tists ; nationally and internationally, will be destroyed. Likewise the planning

efforts, carried out with past years' fiscal support, will be largely negated.
Experience to date confirms the great difficulty in maintaining a programmatic

approach on the IBP. The interests of the Federal agencies in any one IRP are
not sufficient to preserve program integrity; and time-phased plans exhaustively
developed among many scientists seemingly do not influence the agency review
panels.

It has been suggested that we should not "put all our eggs in one basket" in this
manner; and that the diffuse support from multi-agency interests is better than
no support at all. The USEC/IBP is convinced that the U.S. Program for the
IBP can compete with other budget programs, and that this competition process
should be carried out. The position taken by OST during the recent hearings on
H.J. Res. 1240 unfortunately, but understandably, has been interpreted world-
wide as a lack of interest by the U.S. in the IBP. Strong efforts are required if
this impression is to be overcome.

Question 14: In reasonable detail, what management-administrative devices
do you think should be, or could be employed between and within university-level
groups that would promote the:

a. Orderly planning and execution of studies?
b. Coordination of researchers and their staffs?
c. Appropriate sharing of facilities and resources?

Answer: (14 a., b., c.) The planning process largely precedes the identifica-
tion and recognition of each IRP. Leadership in the planning lies with the
scientific director who must satisfy both the USEC/IBP and the funding agency
that he can mobilize the capability to perform the projected studies. In the
execution of the studies the scientific director must depend upon and exploit
effectively the professional community of interest that is centered upon the
project goals.

Coordination of the scientific efforts of peers, either within a university or
In separate institutions, can best be accomplished if there is mutual respect, and
understanding of the contribution which each must make to the common goal.
Under such circumstances the sharing of facilities and resources need present
no problems. Successful scientific direction is an adroit performance in personal
interrelationships, rather than the imposition of defined administrative
techniques.

Question 14. d.: Exchange of accumulated data?
e.: Integration and analysis of results?
Answer: The opportunity of ready access to related or comparable data ob-

tained elsewhere is of itself a device that will foster coherence within and
between research groups and may be expected to yield dividends in the recog-
nition of interactions and in the development of more broadly-based conclusions;
than would otherwise be possible.

Question 15. a.: By what mechanisms do you think researchers working on
essentially similar problems should be, or can be, encouraged to cooperate in
directing their efforts toward any predetermined common end?

b.: By what mechanism should, or can their simultaneous efforts be coordi-
'nated and integrated into 'a coherent interdisciplinary end product?

Answer: Researchers are attracted to the program through their interest in
-helping to solve large-scale problems while at the same time pursuing their own
'objectives. Where plans overlap, the efficiency of each is improved through a
division of labor together with a sharing of results. By subdivision of the prob-
lem the analysis achieves greater depth, while the sharing of results produces an
overall economy. So far, these benefits have been so self-evident that no problems
have arisen.

Question 16. a.: "What procedure should be used to ensure that in gathering
numerida/ or quantifiable data the most appropriate scale and level of measure-
ment is employed?
Answer: There are levels of answers to this question that extend from the

_SCIBP planning for IBP Handbooks, to the U.S. Subcommittees that have pro-
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moted development of U.S. Integrated Research Programs, to the program plan-
ning involved in the IRP's, to the individual projects and project proposals that
make up the total U.S. effort.
SCIBP has published 4 IBP Handbooks and 7 are in preparation. Extensive

international collaboration has been accomplished on all, and "the most appro-
priate scales and levels of measurements to be employed" are understood. The
needs for these types of definition and agreement have been among the primary
goals of the "International Convenors" of SCIBP. Progress at this level is pub-
lished regularly by SCIBP in a series entitled "IBP News." This series has had
10 issues to date, and agreement on common units and methods are described in
good detail.

Publication of program goals in the Program Statements of the USNC/IBP
subcommittees has led to workshops from which Integrated Research Programs
have developed. Program planning within each IRP has included definitions of
common units and agreed methodologies as essentials for the IRP. Agreements
among investigators are accomplished during successive IRP workshops and
emanating reports define those agreements. The Biometeorology Panel, an ad-
visory panel for the total U.S. effort and having collateral responsibilities to the
NAS Committee on Atmospheric Sciences, is a primary source for agreed com-
mon units and methods within that area. This panel coordinates directly with
its international counterparts and with other national groups in its area.
The principal investigators on IBP projects and proposals accept the above

when they agree to participate in the IBP.
Question 16.b.: What group should be responsible for determining what the

appropriate scales and levels of measurement are?
c.: How can that group promote or ensure compliance with their established

standards such that independent investigators contributing to IBP efforts will
record data' that is mutually comparable and useful?
Answer: Answered in 16a above.
Question 17.a.: What plans should be laid and what steps should be taken to

provide for application of findings to national problems?
Answer: The data accumulating in the IBP will provide useful baselines for

the solution of national problems. The application of these and other data to the
national problems should be planning functions of the proposed Ecology Panel
of PSAC, the proposed National Center for Ecology, local, state and federal agen-
cies, industry, university, and citizens groups.

Question 17.b.: What plans should be laid and what steps should be taken to
foster and promote follow-on research efforts.
Answer: Answered in llb and c and in 17a above.
Question 17.c.: What group or groups should be responsible for developing and

implementing these plans?
Answer: All groups interested in the national welfare—public and private

sectors.
Question 18.a.: What steps should be taken to ensure that the large amounts

of data that will be collected (statistical, quantifiable, and other types) will be
put to maxiimwm. use?
Answer: An outstanding characteristic of the U.S. IBP is storage and avail-

ability of the data. Several of the programs include specific research on mech-
anisms for maximizing the ease of access to the data by all scientists.
It is explicit in many cases that the same data will be used many times over

in the program.
The maximum utilization of the large amounts of data that will be collected is,

or will be, explicitly described in each Integrated Research Program. IRB pro-
posals, submitted to ICC or on which ICC is informed, in which these details are
now shown are:

Aeroblology
Analysis of Ecosystems
Grasslands—Subprogram

International Study of Eskimos
Biogeography of the Sea
Convergent and Divergent Evolution
Ecology of Migrant People

Question 18.b.: What group should be responsible for this effort?
Answer: Answered in 18a above.
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PROPOSED FUNDING FOR MAJOR IBP STUDIES

[Dollars in thousands for each annual period (new money)]

Present I
Fiscal
year

Fiscal
year

Fiscal
year

Fiscal
year

Study support 1970 1971 1972 1973 Total

Human adaptability component:
1. International study of Eskimos + 177 194 204 211 286
2. Population genetics of American Indians_  -1-± 176 650 750 850 2,426
3. Biology of human populations at high

altitudes + 443 850 850 850 2,993
4. Nutritional adaptation to stress2 -1-1- 2,462 4,375 4,150 4,500 15,487
5. Ecology of migrant peoples + 5,535 7,150 7,500 7,500 27, 685

Environmental component:
1. Ecosystem analysis, central  4-1- 55 483 483 483 1,504

(a) Grasslands + 1,439 2,775 2,000 2,000 8,214
(b) Deciduous forest 0 2,214 2,000 2,000 2,000 8,214
(c) Desert 0 2,214 2,000 2,000 2,000 8,214
(d) Coniferous forest 0 2,214 2,000 2,000 2,000 8,214
(e) Tundra 0 2,214 2,000 2,000 2,000 8,214
(f) Tropical forest 0 2,214 2,000 2,000 2,000 8,214

2. Convergent and divergent evolution in the
Americas and Hawaii -I-
(a) Central 32 44 84 44 204
(b) Amphibian studies 88 198 198 198 682
(c) Fish studies 32 32 32 32 128
(d) Mammal studies 44 44 44 44 176
(e) Reptile studies 57 57 57 57 228
(f) Insect studies 152 152 152 152 608
(g) Plant studies 46 46 46 46 184
(h) Ecosystem studies 154 154 154 154 616
(i) Physiological studies 40 40 40 40 160
(j) Hawaiian terrestrial biology 410 394 398 406 1,608

3. Biogeography of the sea 0 1,107 1,750 1,789 1,840 6,486
4. Phenology 0 310 350 450 500 1,610
5. Aerobiology 0 1, 107 1,675 2,010 2,070 6,862
6. Physiology of colonizing species_ 0 399 285 285 285 1,254
7. Conservation of ecosystems for scientific

purposes ± 55 20 20 95
8. Biological control 

(a) Plant/insect 
(b) Plant/plant 
(c) Pests, insects, and mites 

+-I- 3,210 3,222 3,544 3,898 13, 874

9. Ecology of nitrogen 0 620 734 752 659 2,765
10. Marine mammals ±-1- 720 1,190 1,250 1,550 4,710
11. Crop production under stress 0 642 600 600 600 2,442
12. Plant gene pools + 17 17

Total 30, 599 37, 464 37, 842 38, 969 144, 8741

I Contemplates additional funding from prior year funds. See page 92 for definition of symbols: 0 equals no present
support; + equals modest level; and +-I- equals more than half of the included research is presently funded.

2 Projects presently accepted by USNC included in the proposal are 100 percent funded through fiscal year 1970, 80
percent through fiscal year 1971, and 30 percent through fiscal year 1972. New projects to be added to the integrated
research program on nutrition are expected to have a similar funding pattern. Funding in fiscal year 1973 and fiscal year
1974 will likely be funded in part by present funding sources. Special I BP funds needed for these 2 years can be estimated
at $4,500,000.

Note: The initial funding from fiscal year 1968 and fiscal year 1969 on major programs and individual projects is ex-
pected to bring the total to $150 X 106.
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I. SYNOPSIS

The National Science Foundation has analyzed the needs and objectives of the
United States portion of the International Biological Program (IBP). This
analysis was made solely to determine the requirements of a sound IBP program
without regards to questions related to the budget process; i.e. no analyses were
made of the relative needs of the IBP as compared to those of other scientific
programs. It is the conclusion of the National Science Foundation that the U.S.
portion of the IBP program will have potential research results of great import-
ance to our national interest.
The broad objective of the IBP is to provide insight and foresight about the

changing relations between man and his environment. The U.S. effort, as an in-
tegral part of an international program, is concerned with achieving a better
understanding of the impact of (1) the increasing size and needs of human
populations, (2) the impact of these increases upon the interconnected ecological
systems of the Earth, and (3) the impact of the resulting effects on man. The
U.S. effort is organized into major studies called Integrated Research Programs:
12 have been endorsed by the U.S. National Committee for IBP, and 5 are under
consideration. Each major study represents a coordinated research effort involv-
ing numerous U.S. scientists and often is closely related to IBP efforts in other
countries. The scope of most projects is much greater than has been customary
in the past, thus making possible a more complete understanding of man and his
environment.
The document describes each of the 17 major studies including relevant details

of anticipated benefits, schedules of progress, cost estimates, and priorities. These
schedules, priorities, and levels of activity have been determined by examining
the scientific promise, feasibility, and status of preparation of each major study.
Some of the studies are underway and should be expanded. Others are certain to
be ready for significant funding in FY 1970. A few, in the opinion of NSF, need
to be modified to increase the participation of social scientists. Efforts will be
made to achieve this during the next year.
Parts of the ongoing activities of various Federal agencies can, with adequate

coordinating efforts, be made parts of the Integrated Research Programs. The
effect of this varies from agency to agency and from Program to Program. How-
ever, many important parts of these Programs cannot be undertaken on an ade-
quate scale, or in some cases cannot be undertaken at all, without additional
funds.
NSF believes that a reasonably comprehensive program will require $8 million

of special funds in FY 1970 and a total of $43 million during the period FY 1970
through FY 1973. It is recognized that budgetary pressures may necessitate a re-
.duced program, especially in FY 1970. Only small amounts of non-Federal funds
are available. As an aid in the understanding of the effects of different budget
levels, higher and lower budget projections are given. With a high level of fund-
ing the scope of the studies could be broadened and the intensiveness of research
increased. At a low level of funding a programmatic stretch-out will be necessary;
benefits will be correspondingly reduced, and some studies may not be started at
all.
The Interagency Coordinating Committee for IBP (ICC) will continue to over-

see Federal participation. The management of the several projects which are
parts of the Integrated Research Programs will often be facilitated by subcom-
mittees within the ICC. Transfers of funds between agencies will be necessary
in order to centralize the management and administration of some projects.
The U.S. National Committee for the IBP has the primary responsibility for

formulating the scientific policies and guiding the development of detailed plans
for each Program. The NSF—IBP staff will work with the National Committee to
enhance the probability that when submitted for Federal consideration IBP pro-
posals will be as nearly acceptable as possible.
Adequate scientific manpower is available and interested in carrying out an

IBP effort at the level recommended. Because of the better logistics and technical
support needed for large-scale, coordinated efforts, the cost per senior scientist
per year will be about double that previously normal in environment biology.
Therefore, to maintain the momentum that has been generated, special funding
at &reasonable level is essential in FY 1970.

(113)



II. CONCLUSIONS AND RECOMMENDATIONS

On the basis of extensive study and consultations with other Federal agencies,
the scientific community, and other groups concerned with IBP, NSF has reached
the conclusions and makes the recommendations below for future management of
the US-IBP.

(A) CONCLUSIONS

1) The US-IBP is a conceptually sound program. Virtually all of the com-
ponent IRPs should be ready for funding at a substantial level early in FY 1970.
2) Federal agencies, other than NSF, should support those parts of the IRPs

that are closely related to projects regularly supported under each agency's mis-
sion. The total of such support probably will be small except in the case of two
IRPs: Biological Control and Nutrition.
3) Other Federal agencies will accept responsibility for IBP research, either

in-house or extramural, if special funds are provided for that purpose by transfer
from NSF.
4) No agency except NSF has a mission broad enough to justify requesting a

budget item for funding all the diverse activities encompassed by IBP.

(B) RECOMMENDATIONS

1) NSF should assume primary responsibility for overall management of IBP
at the Federal level.
2) The U.S. National Committee and the Interagency Coordinating Committee

should continue to serve the Foundation in an advisory capacity on IBP matters.
3) For FY 1970, NSF should be assigned special funds for support of the Inte-

grated Research Projects. A reasonably comprehensive effort will require about
$8.0 million of such funds, but budget stringencies may necessitate a lower level
of support and hence a reduced program.
4) To facilitate long-range management of IBP, a guideline of $43 million

should be recognized as the minimum funding level required to maintain the IBP
during the period FY 1970—FY 1973.
5) Authority should be provided to NSF to transfer and to receive from other

agencies funds in amounts necessary to carry out specific IBP projects.
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III. INTRODUCTION

This analysis provides information about the United States' participation in
the International Biological Program (US—IBP). This information mainly
concerns priorities, funding levels, and management plans. Issues raised and
questions asked are quoted in this document at the beginning of each appropriate
section.
This document serves two purposes. It considers the problems and issues that

the Government, especially NSF, is likely to encounter in managing a large
national experiment in research program management involving a scientific
community unaccustomed to such practices. The document also represents a
report on the current status of the IBP. It demonstrates the validity of maintain-
ing and funding IBP as a National Program; it delineates the major studies
for which planning has been completed and for which funding is appropriate
for FY 1970; and it indicates the scale of future support necessary to develop
the US—IBP. It does not attempt to cover completely the historical origins of
IBP or its past problems. These matters are covered in more detail by the exten-
sive Congressional hearings held on the IBP.1
For this Special Study paper NSF received information and assistance from

the U.S. National Committee for IBP (USNC) including its views of the current
status and future requirements of the IBP effort. NSF also sought information
from each of the gencies represented on the Interagency Coordinating Committee
for IBP (ICC) concerning their interest in specific IBP projects, funding plans,
suggestions on management, and other matters that would assist NSF in de-
veloping a financial-administrative arrangement compatible with agency
practices and management requirements. Responses were received from most
agencies; some were extensive, some brief.
NSF was designated to coordinate Federal support of the US—IBP in

November 1965. An Interagency Coordinating Committee was established that
currently includes 12 major Executive organizations (see Table 3). It serves as
a forum for discussion of problems related to development and support of the
US—IBP and as a mechanism for liaison among agencies.
U.S. participation in IBP is coordinated through the USNC (sponsored by

the National Academy of Sciences), which group provides advice and assistance
to the agencies involved in operational management of the US—IBP.
In July 1967 the US—IBP consisted of two groups of research programs, one

group specifically generated by and designed for the IBP, the other of projects
related in various ways to the aims and goals of the Program.
An effort to interrelate these diverse ideas and programs for a better focus

of the research effort resulted in the restructuring of the USNC in the spring
of 1968, the chairmanship passing to W. Frank Blair of the University of Texas.
The earlier, large, and loosely organized group was dissolved; the USNC now
consists of about two dozen scientists. Three staff members, supported by NSF
and ICC funds, aid with administrative matters. It was actually the Executive
Committee of the U.S. National Committee that provided information for this
paper; for convenience we refer to the Executive Committee in this document as
the USNC.
The US—IBP is a new and different kind of research effort in the field

of biology. The characteristics that make it unique are:
1) A conceptual approach that concentrates on intensive study of a few care-

fully selected large-scale systems, systems far larger than any studied compre-
hensively before.
2) The use of coordinated, interdisciplinary research teams to focus integrated

attacks on carefully defined problems.

*Hearings on H. Con. Res. 273 before the Subcommittee on Science, Research and Develop-
ment of the House Committee on Science and Astronautics, May 9, June 6, July 12, and
August 3 and 9, 1967; and hearings on H.J. Res. 1240 before the Subcommittee on Science,
Research and Development of the House Committee on Science and Astronautics, May 1
and 2, 168.
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3) A massive emphasis on the changing interrelationships of organisms with
man and his environment.
4) The coordination of activities as part of a multination research effort.
Large-scale Integrated Research Programs (IRPs) represent the core of the

U.S. program. Other individual research projects may support the goals and
objectives of IBP (i.e., IBP-related projects), but because they are not in-
tegrated as part of the large-scale projects, they are not recognized as part
of the U.S. national program. This difference is important because it is proposed
to support IBP-IRPs through special funding arrangements, whereas IBP-
related projects will compete within regular Federal support programs.
Presently 12 major studies are identified as IRPs. (For convenience "Con-

servation of Ecosystems" is included though it is not a research study in the
usual sense.) These are classified under two Components—Human Adaptability
and Environmental Management. In addition, five more major studies are being
considered as potential IRPs. These 17 major studies and the numerous pro-
jects that comprise them vary considerably in size and scope, in organizational
and funding complexity, and in focus. Some of the IRPs are divided into discrete
Subprograms. Each IRP or its Subprograms will consist of a series of Projects;
these are the basic units of organization and of actual research operations.
Table 1 shows the Components, IRPs, and some Subprograms. Each of the
IRPs is described in Appendix B. All IRPs are subject to continuing review by
the USNC, the ICC, and NSF as detailed plans are developed and put into
operation.
The International Council of Scientific Unions (ICSU) proposed a five-year

research phase for IBP beginning in July 1967 and terminating in July 1972.
The first IRP to be supported from funds allocated specifically for IBP (Eco-
systems Analysis: the Grasslands Biome Subprogram) began field operations
in July 1968. NSF considers initiation of work on that project as the starting
date for a five-year US-IBP effort.
The five-year time frame for the US-IBP effort is based on the following

considerations:
1) This period was established by agreement between 54 nations.
2) The urgency for accomplishing the research described.
3) Success in gaining commitments to participate from a large number of

scientists.
4) The period necessary to conclude at least the first phase of research on

most IRPs.
Although the IBP is a five-year program, it is expected that IBP-type activities

will continue for a decade or more and continue to influence future Federal
support of environmental studies. President Johnson recognized this possi-
bility when he stated:
"I propose that this effort (IBP) be a permanent concern of our nations. I

propose that the United States scientists join with the scientists of the Soviet
Union and other nations to form an international council on the human environ-
ment."



IV. OBJECTIVES AND SCIENTIFIC IMPORTANCE

"U.S. National Committee views . . . for each major area of study:
1) Identify the scientific objectives and goals.
2) Describe the relative importance of these objectives and goals:

—in terms of their scientific impact
—in terms of the relevance to the solution of 'national problems' (e.g. what

is the relationship to current problems of environmental changes?) ."
"Federal agency evaluation and plans for support . . . for each major area of

study:
1) NSF views on the dbjectives and importance of the proposed research . . .

identifying differing views from those of the U.S. National Committee.
2) Views of other agencies when different from those of NSF."
The objectives of the US—IBP grew out of an international activity established

by the International Council of Scientific Unions (ICSU ) based on the theme,
"The Biological Basis of Productivity and Human Welfare." In July 1964, ISCU
established a Special Committee for the IBP which adopted the following state-
ment of broad objectives for IBP:
"The rapid rate of increase in the numbers and needs of the human popula-

tions of the world and their demands on the natural environment has greatly
increased the need for biological research. The International Council of Scien-
tific Unions ( ICSU ) has therefore initiated an International Biological Pro-
gramme (IBP) entitled 'The Biological Basis of Productivity and Human Wel-
fare,' with the objectives of ensuring the worldwide study of:
(1) Organic production on the land, in fresh waters, and in the seas, and the

potentialities and uses of new as well as of existing natural resources, and
(2) Human adaptability to changing conditions."
The goals and objectives of the US—IBP have been under continuous develop-

ment since 1965 when the USNC was organized. The most recent development
occurred during a two-day conference of the USNC, April 30 to May 1, 1968, at
which the theme, "Man's Survival in a Changing World," was adopted for the
U.S. effort. Also a statement of philosophy and rationale for the US—IBP effort
was drafted as an introduction to the description of the IRP. This is included
as part of Appendix B.
There appears to be no early general statement of the separate goals and

objectives of the US—IBP to define areas of emphasis. In Report No. 2 of the
National Committee in October 1966, the Committee, after explaining the rationale
of the US—IBP, states :*
"Greater understanding will make it possible for man to respond to opportunity

as well as to react to need. To gain such understanding is the underlying purpose
of the International Biological Program.
"This program has three related objectives: Human welfare, scientific advance,

and international scientific cooperation. These three objectives cannot be
separated."
"Our scientific objectives are also limited. Our basic interest is the development

of scientific ecology in its broadest sense. We believe we should give special
emphasis to the genetics and dynamics of populations, to the factors that control
biological productivity, to the ways in which plants, animals, and especially men,
adapt to their environment, to the changing distribution of living things in the
sea and in the air and on the land."

*"U.S. Participation in the International Biological Programs," Report No. 2 of the U.S.
National Committee for the International Biological Program. See also "The International
Biological Program, Its Meaning and Needs," Report of the Subcommittee on Science, Re-
search, and Development of the Committee on Science and Astronautics, U.S. House of
Representatives, 90th Congress, Second Session.
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In preparing for the Special Study, NSF asked the USNC : What are the ob-
jectives of the U.S. effort? The Committee responded:
"Objectives of the International Biological Program are to provide basic insight

and foresight about changing environmental relations of man, in order to cope
with increases in the numbers and needs of human populations; also with the
impact of these increases upon the interconnected ecological systems of the Earth
(see Daddario Report on IBP).
"The United States shares all of the worldwide objectives. But we further see

the processes which normally control much of life (dispersal and selection of or-
ganisms, biological conversions of solar energy, circulation of nutrients) also
threatening to spread pollution; to deflect balances of plant and animal popula-
tions and of their productivity; and to degrade 'Environmental Quality' (see
Daddario Report on this subject). Americans, most particularly, seek ways of
understanding such by-products of technological developments avoiding their dis-
advantages and using their advantages. Resulting changes, either way, can be
rapid in industrial societies, and in neighboring and remote countries affected
by them (see Daddario Report on "Managing the EnviPronment").
"The objectives were further defined by the U.S. Executive Committee in a

meeting of 30 April-1 May 1968, as follows:
'Our objectives are to participate in a worldwide study of organic production

in all environments, and of human adaptability to changing conditions. In the
United States, the maintenance of environmetal quality is critical for both hu-
man welfare and long-term productivity. Thus, the U.S. program focuses on two
major components: (1) problems of human adaptability, and (2) problems of
environmental management.'"
As presently conceived, IBP goals and objectives have two levels of general-

ity—the higher level of generality divides the US—IBP effort into two component
parts dealing with studies of environmental relationships and human adapta-
bility. The broad goals of the human adaptability and environmental components
of the US—IBP have been defined as follows by the National Committee (in
answer to an NSF request, July 1968) :

Human Adaptability Component

"The broad goal of this component of the US—IBP is to advance knowledge of
(a) the genetic, and (b) the physiological and behavioral adaptations of man."

Environmental Component
"The broad goals of this second component of the US—IBP are (1) to formulate

a basis for better understanding of the interactions of all components of selected
and representative biological systems, (2) to extend this understanding toward
an increased biological productivity, (3) to provide bases for accurately pre-
dicting the consequences of environmental stresses, both man-originated and
natural, on the performance of biological systems, and (4) to enhance our ability
for better management of our natural resources."
From these component parts, specific statements of goals and objectives have

been formulated to guide the development of the Integrated Research Programs,
which form the heart of the US—IBP research effort. The National Committee has
informed NSF that "the specific goals are distillations from more than 40 suc-
cessive working conferences that have radiated into an increasing number of
concerned scientists (estimated now at over 2,000)."
The goals and objectives of the IRPs that fall under the two component parts

are excellent statements that have been carefully worked out in detail (see Ap-
pendix C). The USNC's view about the relative importance of IRP goals and
objectives in terms of scientific impact and solution of "national problems"
are also included.
NSF believes that the objectives of the IRPs, for the most part, are soundly

conceived and the proposed research activities are important to promote in the
public interest. Some IRPs may require modification to broaden or contract their
scientific scope after detailed plans are developed. The information derived from
the IRPs should be important to all government agencies in placing problems in
a new and larger perspective of human welfare.
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NSF views and those of other Federal agencies responding to NSF's inquiries
are in substantial accord with the National Committee's statement of objectives
and importance of the proposed research.
The issue of the relative importance of the objectives and proposed research

activities presents a more difficult problem for which NSF has no immediate
answer. It is difficult to compare in •a meaningful way, for example, the im-
portance of a study on the adaptations of Eskimos to severe climatic conditions,
with a study on the natural phenomena that regulate population levels of insects,
with a study of the social effects of mass migrations from Mississippi to Chicago.

Similarly, each IRP will have an impact on the development of scientific knowl-
edge in its own particular field, but comparison of impacts between fields is diffi-
cult. The same problem is encountered in respect to assessing relative importance
to the solution of national problems. NSF—IBP staff, however, intend to develop,
in cooperation with National Committee staff, ways of providing a better basis
for assessing the relative importance of the IBP—IRPs.

Despite the difficulty of assessing relative scientific importance, funding priori-
ties among the several IRPs have been set by the USNC and NSF as described
in Section V. These priorities, however, are based largely on readiness for fund-
ing and the dependence of other projects on techniques or knowledge developed.



V. ALTERNATIVES, PRIORITIES, AND BENEFITS

"Identify the priorities for the various parts of the research effort by describ-
ing both alternative program content and timing within and among major areas
of study for various alternative levels of total funding through fiscal year 1972
for IBP such as $10, $20, $40, and $60 million."
"For each alternative level of funding, develop displays . . . covering the

major IBP studies that are proposed for Federal support showing:
—significant dates
—levels of funding required during the various periods
—kinds of activity during the periods included."

"Identify differences in benefits for alternative funding levels."
"[Give] NSF's assessment of alternatives, priorities and management—as out-

lined. . . ."
"[Give] views of other agencies when different from those of NSF."

(A) PRIORITIES

In order to assess the USNC's opinion on what is needed to support the US—
IBP effort and the priorities of programs at various budgetary levels, NSF asked
that group to estimate a baseline figure for fiscal year 1970 that might permit
the IBP effort to proceed at an acceptable but less than desirable rate, and then
consider budget levels 20, 40, and 80 percent lower and higher.
The USNC developed in response a table (adapted here with the addition of

corresponding NSF estimates) that shows relative priorities, and therefore al-
ternative program content and timing, for each of the IRPs. Table 1 (Appendix
E) shows the situation as envisioned for fiscal year 1970 for various levels of
funding. Table 2 (Appendix E) shows funding for the period fiscal year 1970
through fiscal year 1973.
All USNC estimates are total cost requirements, including costs for programs

that are normal activity of an agency and new programs that might be sup-
ported from regularly available funds. The USNC could not provide a break-
down of these two categories because data were not available from ICC agencies.
NSF has estimated other-agency support, but there is a high degree of uncer-
tainty in such estimates. The uncertainty derives primarily from the existing
tight Federal budget situation. NSF support shown in Tables 1 and 2 assumes a
gap-filling role and the core support required to maintain the integrity of the
US—IBP effort.
The USNC estimated that (1) $28.7 million would represent desirable funding

for fiscal year 1970, and (2) approximately one-half this amount would represent
a USNC baseline figure that would permit progress at an acceptable rate. The
acceptable rate would permit support of all IRPs. At 20 percent of baseline
(about $3.1 million) major support should go, according to the USNC, to the
Grasslands Biome Subprogram and the IRP on Migrant Peoples. Smaller amounts
would be provided for IRPs on Eskimos, Convergent/Divergent Evolution, Bio-
geography of the Sea, and Colonizing Species. The remaining IRPs would re-
ceive the minimum support needed to maintain them in condition to mount a
significant effort a year later.
NSF estimates that $8.0 million would be required to make most effective use

of the plans and teams of scientists that will be ready to start during fiscal year
1970. Estimates shown for individual IRPs are based on staff knowledge of pro-
gram development, actual needs, and program relevance to present agency ac-
tivities. The alternative funding levels in Table 1 for totals larger than the $8.0
million baseline are not recommended at this time, but show only relative fund-
ing priorities. At 20 percent of the NSF baseline, ($1.6 million), NSF thinks that
only the Grasslands and Deciduous Forest Biome Subprograms can be supported.
Other IRPs necessarily would have to be deferred.
NSF disagrees with the USNC in the priorities assigned to several IRPs (see

Table 1). NSF thinks that the Deciduous Forest Biome should have a higher
priority at the minimum funding level in fiscal year 1970 than indicated by
the USNC because this Subprogram is too well developed to put aside and
thereby jeopardize its momentum. Conversely, NSF thinks the Migrant Peoples
IRP should have a lower priority because the Program is still too poorly
developed.
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In Table 1 (Appendix E) the principal differences between the USNC base-
line figure and the estimated Federal total occur for the Migrant Peoples,
Nutrition, and Biological Control IRPs. NSF thinks that applicable existing ac-
tivities by ICC agencies are far larger for the last two IRPs than the USNC
estimates suggest, and it is this that causes the NSF estimate for total costs to
exceed that of the USNC.

(B) BENEFITS

With funding at the $8.0 million baseline level, all or most of the major studies
could proceed at an acceptable pace, and benefits appropriate to the input could be
realized. For most IRPs, support during FY 1970 below the $100,000 level would
mean that further planning and some preliminary studies could be undertaken,
but no substantial scientific progress could be expected and few concrete benefits
would materialize. With such limited funds the start-up would be slow, but at
least the projects would remain viable. It is evident from Table 1 that the studies
supported and the benefits to be derived at a 20 percent level of funding would
be extremely limited. At this level of funding the US-IBP remains a noncritical
endeavor in the sense that a limited study of parts of two biomes (Grasslands
and Deciduous Forests) will not contribute much toward a comparative analysis
of ecosystems. The product will remain much as it is now, piecemeal facts from
piecemeal research. With such an inadequate level of funding in FY 1970, the
US-IBP would probably become nonviable as well; enthusiasm would diminish,
scientists would become involved in other projects, and few of the hoped-for
benefits would materialize.

Anticipated benefits are not limited to acquisition of scientific knowledge for
its own sake. Indeed, other purposes are at the heart of the planning. The data
developed will be useful for solution of rapidly growing national problems, e.g.,
urban unrest, pollution, increasing world populations, the training of needed man-
power in the fieds of ecology and environmental science, development of a meth-
odology for handling the study of large and complex environmental systems, and
aiding, through cooperation and coordination, the IBP efforts of other nations.
These benefits largely will fail to be realized if funding for the IBP effort is
inadequate.

It is not possible at the beginning of a long-term program involving hundreds,
or perhaps thousands, of scientists to predict detailed benefits with confidence.
Earlier and similar long-term programs paid off, usually with some unexpected
results. The International Geophysical Year, it is agreed by most scientists and
administrators, had a profound effect on many aspects of geophysics; atmos-
pheric science and aeronomy came of age during that effort, and practical bene-
fits, real and potential, can be traced from seismology, submarine technology, and
the U.S. Antarctic and space programs. It is the belief of NSF that IBP will do
for ecology, including human ecology, what IGY did for the earth sciences, and
in the process it will upgrade much basic biology.

(C) RESEARCH SCHEDULE

Table 4 (Appendix E) is a calendar of events as they have occurred or as they
are planned for each IRP and its subprograms. This is taken with few changes
from data provided by the National Committee. At best this schedule can be used
as a rough guide only, for the scheduling of future events is largely dependent on
the availability of funds.
In the opinion of NSF the schedule fails to recognize the lack of funds for the

research starts listed for FY 1969, and it underestimates the time necessary be-
tween submission of a proposal to the USNC for initial endorsement and pro-
vision of appropriate Federal support.
Completion dates in FY 1973 should not be construed as the time at which work

would be finished. The significance of that date varies widely in the different
IRPs. For example, the Ecosystems Analysis Program is highly structured and,
with a prompt start and no stretch-outs resulting from low funding, is expected
to actually terminate by the date shown. Follow-up studies should be expected
however. The Nutrition Program and Biological Control Programs, by contrast,
are relatively loosely structured and termination in FY 1973 will represent little
more than an administrative formality; work will continue under some other
arrangement or rubric for additional years.
Although other Federal agencies have not expressed opinions about IBP alter-

natives, priorities, or management of program design, we know of no disagree-
ment with NSF views.



VI. FUNDING REQUIREMENTS AND POSSIBILITIES

"Identify the level of each agency's funding for IBP and directly related re-

search during FY 1968 (actual) and FY 1969 (estimated)."
"[Does the US—IBP] have potential results of sufficient importance to our ita-

tional interest to warrant special funding beginning in Fiscal Year 1970 . . .?"
"Identify amount of funds needed for each major area of study that would not

be provided by mission agencies. Describe the proposed funding method."

"When the objectives of the area of study are related to mission requirements
of one or more agencies, identify the agencies and describe the relationship."
"Identify parts of the proposed major area of study that can be supported dur-

ing FY 1970 and future years by each agency (assuming no significant change in

overall funding levels) with mission interest through the normal funding for

research (extramural or in-house) through:
—on-going programs
—new commitment of funds."

"[Indicate] how agencies can be encouraged to support as much of the IBP

effort as possible through normally available funds rather than relying primarily

on special funds."
"Identify instances where the major area of study is of interest to an agency

but the agency is unable to provide support through one or more of the above

means."
"Identify IBP work, if any, that could be financed through the use of excess

foreign currency."
"Identify amount and source of funds requested or available from sources

other than the Federal Government (e.g. state funds)."

(A) JUSTIFICATION FOR A FISCAL YEAR 1970 START

In a time of budgetary stringency, strong justification is necessary to launch

a new national scientific program. Such justification is abundantly evident for

the IBP. This Program will serve to advance significantly our fund of scientific

knowledge, but more importantly it will provide information bearing on some

of the crucial social and environmental problems that the Nation faces today.

From (in e viewpoint it may be fortunate that a budgetary pause is available
during which scientific information can be collected to guide future social deci-

sions that will require expenditures of many billions of dollars. IBP-derived in-

formation can provide a better perspective for predicting the consequences of

future spending decisions so that massive expenditures do not turn out to be

only massive mistakes. A second reason for an FY 1970 start is that the US—IBP,

as conceived, probably will not survive much further delay.
1) Our Nation now faces immediate national problems rapidly approaching

crisis levels—excessive migration to the cities, urban unrest, pollution, popula-

tion pressures, limited food production, environmental degradation, etc. The
basic information necessary even to think clearly about these problems is so
meager that selecting paths toward solutions proceeds more by guess than by,
reason. IBP will help develop the knowledge on which critical and sound deci-

sions for operational programs can be based. For example, in the near future ex-
tensive programs to rebuild our cities will be undertaken some entirely new
cities are even being planned. These efforts are likely to involve the expenditure
of hundreds of billions, yet the information base on which the decisions will be
made can only be characterized as puny. Where should cities not be located en-
vironmentally? What changes will a new city impose on the environment? How
can design help minimize the environmental and social stresses on the inhabi-
tants? The information that will be developed through the IBP on human popu-
lations and man's interaction with his environment will help provide • the basic
knowledge on which better applied research programs can be mounted.
2) The U.S. has agreed to participate in an interrelated, multination IBP

effort. If U.S. scientists are unable to launch their part of a program that was
cooperatively planned and coordinated with groups in other nations, it will in-
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hibit, or perhaps jeopardize, the international effort and cause the U.S. a loss
of prestige.
3) Planning for several US-IBP studies is already well developed. By FY 1970

most of the major programs will have been planned and much of the profes-
sional personnel will be ready to begin. Many of the scientists who now plan to
start work in FY 1970 understandably will move to other tasks and commitments
if IBP programs cannot be undertaken at that time. This would represent a
serious and crippling blow for the future of IBP because participation of the
scientific community could not be assured at some indefinite future starting
date.

(B) SUPPORT IN FISCAL YEAR 1968 AND FISCAL YEAR 1969

NSF asked each ICC agency to identify sums obligated for: (1) IRP projects
in FY 1968, (2) IBP-related projects in FY 1968 (i.e., projects directed toward
IBP goals but not part of the IRPs), and (3) estimated obligations in FY 1969.
Only a few agencies were able to identify separate funding of IBP activities as
requested.

(C) FUNDING FOR FISCAL YEAR 1970

Only four agencies can identify specific support for IRPs during FY 1968 and
1969. These same agencies indicate probable support for IBP projects during
FL 1970 and later years. None except NSF seeks new funds. No agency except
IN SF is prepared to definitely commit future funds for IBP purposes.
DOD ( Air Force), the only DOD agency providing figures, estimates that

$25,000-$40,000 per year might be redefined to serve IRP purposes. No specific
projects can be named. All support will be extramural.
Smithsonian estimates expenditures of about $600,000 per year for IBP-related

projects. No projects are identified. All research is in-house.
USDA (Forest Service) estimates that about $2.0 million worth of research

per year will be redefined to serve IBP purposes, but no funds can be reassigned.
All is in-house activity. USDA (Agricultural Research Service) states that it
hopes to reassign $3.5 million per year for increased activity on crop stress.
Most of this is in-house research, and a review of the Agricultural Research
Service programs indicates that only about $550,000 per year can be considered
part of the Crop Stress IRP.
Information from ICC agencies clearly indicates that many IRPs will receive

support in FY 1970 only to the extent that funds are made available especially
for that purpose through NSF. A few IRPs can expect limited support from mis-
sion agencies using reassigned funds, but the agencies are unprepared to state
how much.
To make the IBP a worthwhile national endeavor will require substantial funds

beyond those normally available, and NSF estimates the requirement as $8,000,-
000 specifically for IBP in FY 1970 (Table 2, Appendix E).

( D) AGENCY RELATIONSHIPS AND COMMITMENTS TO IRP'S

ICC agencies tend to express interest only in programs for which they are
providing or plan to provide support. In some instances no interest is evident
despite relevance to the agency's mission. Table 3 (Appendix E) shows the re-
lationships between IRPs and the agencies. It is constructed from ICC responses
to an NSF inquiry and from information provided by the USNC. Interests are
shown at four levels according to NSF's assessment of the situation: (1) strong
interest and planned commitment of $500,000 or more per year; (2) moderate
interest with commitment of $100,000 to $500,000 per year; (3) minor interest
with commitment of less than $100,000 per year; and (4) moral support, but no
funding planned. Most agencies clearly state that so long as funds remain in
too short supply to accommodate existing responsibilities and programs, they can
display neither ability nor willingness to support IBP and will make no commit-
ment for future support.
NSF has an interest in and intends to provide some support for all but two

IRPs—Conservation of Ecosystems and Gene Pools. Justification for support
of the former is lacking yet, and all support needed for the latter is apparently
being provided by the USDA.

(E) OTHER PROBLEMS RELATED TO SUPPORT

Mission agencies supporting biological research are geared mostly to deal with
small projects and modest programs, not large-scale integrated studies of the
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IBP type. Agency interest in an IRP is 
usually restricted to a rather limited

part; rarely does it include the whole researc
h project. Furthermore, the staffs

and advisory groups of most Federal agencies 
are accustomed to think and react

in accord with specific mission objectives. 
These groups seem unprepared to

evaluate programmatic, multi-disciplinary, lon
gitudinal research. Efforts by the

USNC and ICC hopefully can reduce this p
roblem, but little success can be

reported to date.
NSF knows of no means by which agencies ca

n be encouraged further to use

normally available funds for IBP, although it ma
y be that once IBP has demon-

strated its success as a program other agencies wi
ll become more actively

involved.
Lack of funds for extramural support inhibits

 participation of some agencies.

The Forest Service states that under existing 
budget levels practically no funds

are available for extramural studies. The Agric
ultural Research Service esti-

mates that only about 3 percent of its funds ca
n support domestic extramural

work. The Cooperative State Research Service re
ports that although 100 percent

of its funds are for extramural use, decisio
ns on the projects supported are

entirely the prerogative of the local agricultural st
ation director. The Smithsonian

Institution has no funds for domestic extramural su
pport. Only about 25 percent

of Interior's research funds are available for extr
amural use.

( F ) USE OF FOREIGN CURRENCY

Three ICC agencies indicate that they might be 
able to use excess foreign

currency (PL 480 funds) to support IBP projects. Oth
ers indicate that PL 480

funds are not available to them.
Commerce (ESSA) claims an interest in cooperating

 with Indian scientists.

The Smithsonian has offered use of minor amounts for s
upport of IBP admin-

istrative costs. USDA (ARS) claims that about $1.2 m
illion per year of its

PL 480 funds support projects pertinent to IBP; the vali
dity of that pertinence

to IBP is uncertain. NSF presently has no access to PL 480
 funds except in ex-

change for dollar credits.
If excess foreign currencies were more readily available, internationa

l aspects

of IBP might be enhanced, but no direct and specific benefit to the U.
S. is identi-

fiable yet (see International Relationships, Section VIII).

(G) NON-FEDERAL FUNDS

Support augmenting that from Federal sources should come from the states,

local governments, universities, industry, and private foundations.

Occasionally private fundations have the opportunity to review IBP proposals,

but they do so on the basis of the pertinence of the proposal to the objectives of

the reviewing organization and without regard for its relationship to other IBP

activities. Parts of only two major studies are supported by private foundations

currently (Wenner-Gren—Eskimos ; American Institute for Medical Science,

Mental Retardation Foundation, and Nutrition Foundation—Nutrition). At-

tempts to have the private foundations submit ongoing work or proposals under

review for coordination with IBP have been unsuccessful. Funds awarded so far

amount to $200,000.
The University of Wisconsin and Louisiana State University, using state

funds, are supporting work directly applicable to the Nutrition Program. The

Migrant Peoples Program is partially supported by the University of Illinois.

Colorado State University is providing a large new building specifically for

the Grasslands Biome study. The University of Michigan is contributing in

several ways to the Ecosystems Analysis Program. Pactically all universities
receiving grants from Federal agencies contribute a reasonable share of support
from their own resources (in part through cost-sharing requirements).

Nevertheless, the amount provided from non-Federal sources is minor, and
probably amounts to less than $200,000 per year. Consequently these seems little
probability of support of a substantial nature from sources other than the Fed-
eral Government in the foreseeable future.



VII. MANAGEMENT

"Describe the management arrangements for each large scale integrated study;
e.g., planning, analysis, integration of data; coordination of work or researchers
and of supporting staff."

"For each major area of study, particularly the large scale integrated
studies, identify the locus of responsibility in the Federal Government and the
arrangements for:

securing and integrating supporting work financed under separate grants
and contracts
handling necessary coordination with other Federal agencies participating
in or supporting the study monitoring the research progress and manage-
ment."

"Identify steps needed—beginning in the planning process—to assure the
effective application of findings in the solution of national problems or in fur-
thering follow-on research. (For example, what steps can be taken to assure that
the large amounts of data that will be collected will be put to good use?) "
"Some of the studies (e.g., those of ecosystems) require special attention to

management arrangements at all levels of involvement to assure orderly execu-
tion of studies and utilization of findings; e.g.,

on logistics at the research site
in integration of research and support, including systems analysis, computer
services, and data exchange
in the National Committee, its subcommittees and study planning groups
in the development of studies which will involve many researchers from
various disciplines and institutions
on the part of Federal agencies in carrying out program management re-
sponsibilities."

The Bureau has correctly recognized that management of the IBP presents
many special problems; they have to do with administering a large national
and international program having a quasi-governmental status, and with fash-
ioning a management program for a situation in which the Federal Government
is the principal source of financial support, yet the main site of performance
resides in the private sector. The problems and issues posed by this sort of ar-
rangement have never been resolved completely in the past, and clearly each
situation must be examiner on an ad hoe basis. NSF is confronted with a par-
ticularly difficult problem, for the resolution of this arrangement may require
a sharp demarcation from the Foundation's past management role in the bio-
logical sciences.

Effective management of the IBP will require coordinating a great many
diverse research activities involving many public and private performer organ-
izations and individuals. Mechanisms and procedures must be adapted or de-
vised to deal with planning, evaluation, funding, and monitoring research activi-
ties that are not required in dealing with conventional NSF research grants.
IBP projects involve broad-scope, integrated, complex proposals, and each IRP
appears to have its own special problems. The management necessarily will be
similar to that of the International Quiet Sun Year and the International Indian
Ocean Expedition, but not as detailed as that of the U.S. Antarctic Program.
The overall management organization for the VS—IBP has been an evolving

proposition that has been considered in some detail in previous Congressional
hearings.* Briefly, the current management structure places responsibility on NSF

*Hearings on H.J. Res. 1240 before Subcommittee on Science, Research and Development
of the House Committee on Science and Astronautics, May 1 and 2, 1968; "The Interna-
tional Biological Program—Its Meaning and Needs," Report of the Subcommittee on
Science, Research and Development of the House Committee on Science and Astronautics,
90th Congress, 2nd Session; and hearings on H. Con. Res. 273 before Subcommittee on
Science, Research and Development of the House Committee on Science and Astronautics,
May % June 6, July 12, and August 3 and 9, 1967.
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for determining Federal policy positions for IBP and for overall coordination of

Federal management, including Federal funding. The U.S. National Committee

has primary responsibility for formulating scientific policies and strategies to

ensure that proposed research activities are consistent with IBP goals and ob-

jectives and are integrated into both the overall U.S. effort and the international

effort. The ICC assist NSF in formulating Federal policies, coordinating fund-

ing, integrating specific IBP and related research activities, and generally over-

seeing the participation of the Federal Government in the US—IBP. Within this

general framework there is extensive interaction between NSF, ICC agencies,

the National Committee, and national and international policy and performer

organizations (public and private) that help determine proposed US—IBP poli-

cies, research activities, priorities, and management procedures.
Management of the US—IBP effort has encountered past difficulties and no

doubt will encounter difficulties in the future, although to a lesser degree, that

can be traced (1) to the aversion of academic scientists to having their re-

search studies planned, or programmed, and (2) to participating in large-scale

projects that require integrating newly discovered knowledge on a constant
basis. The importance of the attitudes of academic scientists to the ultimate
success of the IBP should not be minimized, but neither should particular epi-
sodes be taken to reflect a general situation.

Similarly, Federal program managers find it difficult to reorient their research
programs to meet IBP objectives or to mesh with IRP-sponsored projects. The
successful integration of Federal and IBP programs will depend on: (1) defining
the goals and objectives of the US—IBP effort more concisely so as to emphasize
relevance to Federal missions; (2) the availability of Federal personnel in other
agencies specifically assigned, and with adequate time, to arrange for desired
coordination; (3) the time and financial pressures on other agencies to accom-
plish mission-related tasks unconnected with the IBP; and (4) the availability
of strong NSF and National Committee staff resources to whom other ' Federal
agencies might look for guidance.
We have previously discussed the all-encompassing nature of the IBP goals

and objectives and believe it would be wasteful to undertake a classification of
all Federal research activities as falling within or outside these goals and ob-
jectives. However, careful consideration must be given to activities already un-
derway that bear on the design and management of the IRPs which are adopted
as the US—IBP effort.
The Foundation believes that successful Federal management of the IBP de-

pends on establishing a strong staff complement with management expertise
within the agency having central responsibility—that is, NSF. Only in this way
will effective interagency coordination, and coordination among performer or-
ganizations, come about. Only in this way will opportunities be maximized for
applying IBP findings to the solution of national problems or for encouraging
follow-up research. As the NSF staff develops experience, and the IBP effort be-
comes crystallized, NSF will be in a position to develop detailed procedures for
ensuring optimal utilization of IBP information.
The various IRPs are different in origin, structure, content, and objectives, but

share common aspects having to do with substance and research methodology.
All IRPs have been designed to gain a broader understanding of an inadequately
studied area of biology by employing an integrated and coordinated research
methodology. Because the IRP studies concern widely different subject matter,
it is obvious that management problems will differ in details also. Until NSF
builds a special staff with experience in operating IBP programs, a flexible man-
agement policy will be maintained to permit rapid response to the different situa-
tions that are likely to arise.
Three examples will serve to illustrate the different management situations

that might arise. The Ecosystems Analysis Program is easily the most ambitious
and complex of the IRPs. It consists of highly integrated, multidisciplinary,
team studies of six biomes involving field operations ranging widely over geo-
graphic areas from the arctic to tropical regions. NSF will be required to provide
substantial staff time to arrange for logistical problems that may be expected to
arise in connection with the hundreds of scientists and dozens of performing
organizations that will be involved in this IRP. The Nutrition Program, by con-
trast, is a rather loosely knit series of projects. Though many researchers and
organizations will be involved in data gathering, the level of integration will be
much less and will be concentrated in the data analysis phases. The Gene Pools
Program will be conducted almost entirely by the in-house scientific staff of the
USDA.
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In the discussion below, consideration is given to management arrangements atdifferent levels of involvement and to the locus of responsibility within the Fed-eral Government for managing particular aspects of the different IRPs. Furtherattention is given to management arrangements in Appendix B, where the IRPsare described in detail.
(A) FEDERAL MANAGEMENT

Each ICC member agency was asked by NSF to suggest mechanisms for theevaluation, funding, administration, and monitoring of the IBP projects thatwould recognize the interests of their agency. The responses are described inAppendix D. Most of the agencies that responded agreed in general with NSFviews given below.
It would belabor the obvious to explain why the US—IBP cannot achieve itsambitious goals if management at the Federal level is fragmented, dispersed, anddependent on voluntary contributions or the achievement of consensuses of inter-agency subcommittees. There must be a central focal point for formulation andcoordination of US—IBP programs and arrangements for subsequent integrationof the research activities. Without this the IBP would be little more than anarray of separate projects not much different from those supported under dis-ciplinary programs.
The US—IBP effort is characterized by its broad environmental scope. Bycontrast, Federal agencies usually have statutory objectives defined long agothat do not recognize recent advances made in understanding ecologicalapplied research in all areas of science encompasses the full scope of the IBPobjectives. This is why NSF was designated by the Director, Office of Scienceand Technology to coordinate Federal support of U.S. participation in the IBP.The Director of the NSF Division of Biological and Medical Sciences is Chair-man of the ICC. A description of NSF's internal organization for IBP isgiven in Section IX.
The Foundation in exercising its responsibility as lead agency believes thatthe most effective Federal management system would incorporate the follow-ing procedures:
1) ICC members would serve as an advisory group to NSF and as liaisonlinks with the various groups within their agency.2) All IRP proposals would be submitted to NSF either before or concurrentlywith submission to the USNC or any other Federal agency.• 3) NSF in consultation with ICC members would determine Federal respon-sibility for evaluation, support, monitoring, and coordinating any researchactivities that are subsequently supported.
4) Each designated agency contact point would be responsible for overseeingthe development of assigned projects and for maintaining their proper relation-ship to other parts of the IRP and IBP.
5) Interagency monitoring and coordinating groups would be establishedunder the ICC to monitor IRPs that are funded by two or more agencies,not including NSF. This arrangement would permit, but would not require,NSF or any other single agency to manage an entire IRP.NSF management might therefore embrace any one of several managementarrangements. At one extreme NSF might refer a proposal to another agencyfor funding and monitoring. Proposals concerned with the Gane Pools Programmight be handled in this way. USDA is apparently prepared to fund this IRPfully. NSF involvement consequently might be limited to an oversight role, thatis, keeping abreast of developments and ensuring that the Program does notfalter. At the opposite extreme, NSF might be the only appropriate agency tosupport a given IRP. The Colonizing Species Program might fall into thiscategory, and responsibility for administration, supervision, and monitoringof this IRP would be the responsibility of the Foundation's IBP staff.The majority of the IRPs probably will fall into an intermediate category inwhich two or more agencies will support mission-related components of anIRP. In such cases coordinating responsibility would be assigned to one agencyon the basis of predominant interest or special competence, and interagencyliaison would be arranged through an appropriate subgroup of the ICC. Thedetails of such arrangements would necessarily depend on the specific natureof each IRP. When two or more agencies contribute to the support of a projectunder an IRP, consideration will be given to arranging for single-source fund-ing by the agency managing the project. Special attention will have to be given
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to situations in which an in-house project of one agency must be cl
osely co-

ordinated with a project managed by another agency.

Regardless of which Federal agency is finally assigned responsibility f
or

funding and managing a particular segment of IBP research, NSF, as
 the

lead agency, will maintain oversight through agency contacts, particularly

those contacts assigned through the ICC.

(B) ROLE OF THE NATIONAL COMMITTEE

Although the Foundation does not think it is appropriate, generally, to assist

prospective grantees in proposal design, a mechanism must exist through which

concerned scientists can collaborate to develop sound IBP proposals with some

central source of guidance. To provide such guidance the Foundation makes

funds available to the USNC through the National Academy of Sciences/Na-

tional Research Council for the purpose of planning, coordinating, and design-

ing IRP proposals.
This is consistent with the role of the USNC in (1) coordinating US-IBP

activities with the international office ( SCIBP) and (2) providing publicity

and liaison for IBP within the scientific community.
When planning and proposal preparation is completed, the USNC has the re-

sponsibility for reviewing and, when appropriate, endorsing the document. The

purpose of this endorsement is to advise the Government that the subject matter

is pertinent to and properly a part of the IBP effort. This endorsement attests

not only to the appropriateness of the proposal for Federal consideration, but

also that all data gathered will be in approved form that can be analyzed and

distributed to other IBP groups as warranted. NSF staff will work with the

proposal designers and the USNC, both before and after USNC endorsement, to

enhance the likelihood that when formally submitted for Federal consideration

IBP proposals will be as nearly acceptable for Federal support as possible. As

appropriate, internal and external evaluation reviews will be employed by NSF

and other ICC agencies.

( C ) MANAGEMENT AT THE PERFORMER LEVEL

Special attention will have to be given to the management practices of grantee

institutions, particularly to administrative policies and practices that may work

to frustrate large-scale, multiuniversity projects. Problems may arise in connec-

tion with sharing or transferring funds, sharing facilities and equipment, and
transferring personnel between institutions. NSF staff will develop guidelines

on these and other matters and, to the degree possible, resolve potential problems

at the proposal review stage.
Leadership in executing IBP studies will reside with scientific directors who

will be responsible for each IRP. These leaders will be eminent scientists with

managerial capability. They will be responsible for: (1) communication with the
relevant scientific communities; and (2) working with NSF and USNC to see
that all research activities are consistent with IRP goals. Normally the scien-
tific director will be chosen by the USNC with the advice and consent of NSF.

(D) APPLICATION OF FINDINGS TO NATIONAL PROBLEMS

Plans for maximum utilization of the large amounts of data that will be col-
lected are expected to be included in each IRP proposal. Without such plans sup-
port funds will not be provided. The question of ensuring efficient information
transfer of IBP findings to national problems has been given considerable at-
tention. Consequently, NSF intends to encourage plans for conferences, special
meetings, and publications to distribute IBP data, and for establishment of
special data centers. Beyond this, NSF staff will be responsible for developing
appropriate mechanisms for information transfer with other governmental agen-
cies (Federal, state, or local) that have relevant program responsibilities in
different problem areas.



VIII. INTERNATIONAL RELATIONSHIPS

"Describe the relationship of U.S. IBP efforts to the goals and objectives of
the international effort.
—Identify the benefits to the U.S. from participation in the international
program.

—Identify any cases where programs of other nations are dependent upon
finding in U.S. studies.'"

"Identify IBP work, if any, that could be financed through the use of excess
foreign currency."
Review of the available program objectives of other participating nations

reveals that all are derived from objectives established by SCIBP. Concern with
the operation of ecosystems is apparent in most national programs; however,
the programs differ in their content, depth, and goals. These differences are
attributable to national economic interests, resources, and scientific capabilities.
Consequently, because of adherence to SCIBP objectives and general acceptance
of the ecosystem as a central focus, national programs are complementary and
mutually reinforcing.
There can be no doubt but that the U.S. will benefit from participating in this

worldwide endeavor. The overall IBP effort will benefit the U.S. by providing
comparative information without which our own studies will be incomplete. In-
formation from other nations will allow an assessment of the state of deteriora-
tion of the biosphere and provide the basis for predicting changes in the biosphere
as the result of different levels of exploitation by humans. In most instances the
benefits can be described only in qualitative terms. For example, the U.S. can
anticipate enhanced international understanding and goodwill resulting from
cooperating in team efforts involving scientists of several nations. In other
instances the benefits may be describable in economic terms, e.g., information on
the abundance and distribution of remaining stocks of marine mammals, or
increases in crop productivity yields resulting from nitrogen supplementation
of wet and dry tropical soils.
The success of IBP is predicated on obtaining coordinated and cooperative

efforts by scientists of all participating nations. This will require unform scientific
methodologies, and the collection, storage, retrieval, and sharing of standardized
data. The US—IBP is designed so it is not dependent on the cooperation of other
nations; however, without their participation the potential of many IRPs will
not be fully realized.
The IBP is not alone in attempting to advance man's ability to cope with major

environmental problems through multination research programs. UNESCO is
organizing Biosphere Conferences that might lead to an international program
serving as a follow-up to the IBP.

U.S. participation is essential to maintaining the worldwide IBP effort, and
U.S. scientific data will contribute greatly toward realization of objectives by
other nations. The unique technical capability of the U.S. in systems design and
analysis, and in acquisition, storage, manipulation, and retrieval of data, con-
stitutes a large and vital part of our contribution to the world program.
In several instances findings from U.S. studies are desirable or essential before

a planned study can be successfully completed by another nation. Often the
foreign and U.S. teams will work together on the same project. IRPs on which
agreed interactions have been established are:

Eskimos—U.S., Canada, Frances, Scandanavian countries and probably the
U.S.S.R.

American Indians—U.S., Venezuela, and Brazil.
Migrant Peoples—U.S., Israel, Japan, Canada, and possibly others.
High Altitudes—U.S. and Peru, and developing participation of other nations.
Nutrition—Worldwide coordination is involved but is still in the formative stage.
Ecosystems Analysis—U.S., Canada, Mexico, and other Latin American coun-

tries, with worldwide coordination through SCIBP and aid from UNESCO.
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Aerobiology—U.S., U.K., and Australia, with weridvvide coordination through
the International Congress on Phytopathology and a SCIBP committee estab-
lishing a worldwide network of monitoring stations.

Phenology—International coordination is under development.
Biogeography of the Sea—U.S., U.K., Canada, Brazil and other Latin American

countries, Germany and Austria. SCIBP is fostering participation of nations

that have special economic marine interests.
Convergent/Divergent Evolution—U.S., Venezuela, Brazil, Argentina, Chile,

Colombia, Peru, Uruguay, Puerto Rico, and Australia, and additionally through

the Hawaii Terrestrial Subprogram, Samoa, Fiji, French Polynesia, New
Zealand, New Guinea, Indonesia, Philippines, Taiwan, Japan, and other south-

east Asian countries.
'Colonizing Species—U.S., Venezuela, Brazil, Argentina, Mexico, Colombia, Costa

Rica, Chile, and Australia.
The U.S. has taken a leadership role in developing research studies that involve

.close collaboration with other nations particularly those in Latin America. Hold-

ing three U.S.-sponsored IBP conferences in Latin America ( two in Venezuela,
and one in Costa Rica) has greatly stimulated Latin American participation.

Excess foreign currencies are available for the following countries participating
in IBP': India, Israel, Poland, Yugoslavia, Ghana, and Indonesia. If excess cur-

rencies were more readily available, some international cooperative aspects of
IBP might be enhanced. However, because specific IBP plans are not available
from these countries at this time, NSF makes no recommendation. The matter
will be studied further.



IX. SPECIAL PROBLEMS

(1) "The U.S. National Committee was flooded with project and program ideas
with the result that it has been difficult in the time available to delineate and
define the elements of the program that would be proposed for Federal support."
Ideas and suggestions were solicited from the scientific community during early

planning of the US—IBP. They came in abundance. Some see the early, frequent,
and rather profound changes as poor planning and instability; others think the
screening of many ideas and adoption of only the best has permitted development
of an especially sound Program. With the recent reorganization of the USNC, the
appointment of a new chairman, and the definition and description of the IRPs,
the U.S. effort can claim to be stable, soundly organized scientifically, and ready
to proceed as soon as funds become available. Unsettledness in program definition
is no longer an important issue.
(2) "Some major studies proposed involve scientists and disciplines that are

not accustomed to the development and management of large-scale integrated
field studies requiring coordinated effort of researchers from several disciplines."

"Biologists have typically dealt with one another and with Federal agencies
mostly on an individual basis. Relationships have been primarily direct and per-
sonal. With the formulation of the IBP—Integrated Research Program concept,
former simple relationships between agency and investigator, and amongst in-
vestigators, cannot persist.

Recently the designers of the Grasslands Biome Subprogram and their uni-
versity administrators displayed a gratifying ability to deal with special and
complex problems they saw arising. As an example, those five universities em-
ploying different indirect cost rates now have an agreement that satisfactorily
resolves this matter among themselves and between them and NSF.
This willingness and ability to formulate new procedures and assume new re-

sponsibilities for the benefit of IBP operations, we see a hopeful sign of progress
in management at the local level.
NSF sees as one of the major indirect benefits of the IBP the generation, at

both the Federal and local levels, of a workable management procedure for large
but dispersed scientific undertakings.
(3) Some studies require special attention to management arrangements at

all levels of involvement.
For the statement in its complete form and NSF's comments refer to Section

VII, Management.
(4) "Those in the scientific community who are primarily interested in the

more conventional forms of biological research are not convinced as to the special
merits of the IBP and may look at IBP programs as undesirable competition, es-
pecially in a time of limited Federal research support money."
Some scientists fear that Federal support for IBP will reduce support for

programs with which they are associated. Though this may occur in some in-
stances, increasing numbers of scientists are recognizing the scientific oppor-
tunities in IBP and the practical importance of the Program. After IBP has
functioned for awhile and has demonstrated the potential of integrated studies,
sceptical scientists will recognize the special merits of IBP. The importance of
the IBP makes support necessary even at the cost of lesser progress in other areas
of biology.
(5) "Some of the major studies proposed for IBP are directly related to the

missions and objectives of several agencies (including HEW, Interior, Agricul-
ture, Defense, AEC, NASA, Smithsonian, Commerce, HUD, and NSF). However,
there is not yet any clear indication on the part of some agencies of ability and
willingness to support IBP programs. With some exceptions, the ICC has had
difficulty in getting agency commitments."
Refer to Section VI, Funding Requirements and Possibilities.
(6) "In the area of biology research, the mission agencies involved are pri-

marily geared to financial support of projects and modest programs rather than
to larger-scale integrated studies of the type represented by some proposed for
IBP."
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Refer to Section VI, Funding Requirements and Possibilities, p
art E.

(7) "Some mission agencies (e.g., Agriculture, Interior) that 
could be ex-

pected to have an interest in studies proposed for IBP have a 
limited fund for

support of extramural studies and competition for those funds is
 already high."

Refer to Section VI, Funding Requirements and Possibilities, p
art E.

(A) NSF ORGANIZATION FOR IBP

NSF experience in managing large programs indicates the desirabi
lity of creat-

ing a special organizational unit for administering the IBP. This unit w
ill be part

of the Environmental and Systematic Biology Section of the 
Biological and

Medical ,Sciences Division, but distinct from its existing research 
programs. It

will be staffed by experienced professionals selected in part for their
 ability to

handle the special managerial problems of IBP. Overall agency personn
el ceilings

may, however, preclude the rapid buildup of an adequate staff. The 
responsibili-

ties of this new unit will include, in addition to administering NSF
—IBP matters:

(1) Liaison with the USNC and ICC ;
(2) Reviewing all IBP proposals;
(3) Maintaining awareness of the status of all IBP activities regard

less

of whether the activity is one financed by NSF or by some other Federa
l

agency;
(4) Maintaining awareness of the status of IBP activities and develop-

ments at the performer level;
(5) Interagency coordination, including negotiating with other agencies

with respect to management responsibilities and transfers of funds.

This unit will call upon other NSF Divisions to provide expert advice on

matters that go beyond the competence of the staff of the Biological and Medical

Sciences Division.
(B) MANPOWER REQUIREMENTS

The requirement for additional scientific talent is not as large as it might

appear at first glance. In the past the average NSF support level in Environ-

mental Biology has been about $23,000 per Ph. D. per year. This rate of expendi-

ture is expected to double for IBP projects because of the costs of the better

logistics and technical support needed for the large-scale coherent IRPs, espe-

cially the Analysis of Ecosystems Program. The $8.0 million baseline program

would thus require between 150 and 200 scientific leaders in addition to junior

scientists and supporting staffs. The community of scientists from which this
manpower is to be drawn is adequate. It includes, in addition to rained ecologists,

biologists with a full spectrum of interests including agriculture, and many

physical and social scientists as well. Part of the manpower needs will be met
by scientists now employed in other work and part from recently-trained Ph. D.'s.
We believe, therefore, that sufficient scientific talent will be available to conduct
the US—IBP at the level of activity recommended in this document.

(C) PARTICIPATION OF SOCIAL SCIENTISTS

Current plans for some of the Human Adaptability IRPs do not provide for
sufficient participation by social scientists. The Foundation intends to call upon
the staff of its Division of Social Sciences to assist in rectifying this situation.

APPENDIX A-OUTLINE FOR NSF STUDY

THE PROBLEM

Emerging from the planning and development of U.S. participation in the IBP
is the question of whether elements of the U.S. portion of that program have
potential research results of sufficient importance to our national interest to
warrant special funding, beginning in FY 1970, i.e. beyond that provided through
directing existing programs to IBP objectives or through the normal, competitive
support of project proposals. If special funding is proposed, attention must also
be given to the question of how agencies can be encouraged to support as much
of the IBP effort as possible through normally available funds rather than
relying primarily on special funds. In addition, management of some IBP studies
presents potential problems requiring special consideration and planning.
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BACKGROUND

IBP is a multi-nation program, organized under the ICSU, directed toward
advancing our understanding of the relationships among living organisms, and
their interaction with the environment, with attention concentrated on better
understanding of a limited number of large scale systems (i.e., larger systems
than have been studied in the past). A principal benefit of the proposed pro-
grams would be the scientific understanding of the impact of environmental
changes—understanding which may contribute to the effectiveness of such cur-
rent efforts as control and abatement of environmental pollution.
On November 30, 1965, the President's Science Advisor designated NSF as

the agency to coordinate Federal support of U.S. participation in the program.
NSF then established the Interagency Coordinating Committee (ICC) for IBP.

Scientific planning for U.S. participation in the IBP has been underway for
four years under the direction of a U.S. National Committee for IBP, established
by the National Academy of Sciences. Theoretically, IBP began in July 1967 and
will continue for five years, though work begun during the five year period prob-
ably will continue thereafter.
IBP activities outlined thus far by the U.S. National Committee include sev-

eral (six to twelve) major program areas, some of which—such as Analysis of
Ecosystems—'consists of several major studies.
In the early stages of planning, NSF (with support from the ICC) proposed

(a) separate identification of funds for IBP in agency budgets, and (b) funds
for IBP as an increment over funds for ongoing biological research support.
However, the Bureau of the Budget did not agree to any large scale separate or
incremental funding because it felt that (a) the program was not yet sufficiently
developed to warrant special funding consideration and protection, (b) proposals
directed toward IBP objectives should compete with other research proposals
for support and (c) support obtained as a result of proposals submitted and
evaluated through the normal project support route would be sufficient.
In addition to extramural project support, an ICC survey of Federal agencies

indicated that some in-house research efforts had relevance to IBP aims and
it was assumed that agencies would be able to focus some additional in-house
research toward IBP objectives.
As planning for the program has progressed, large-scale interdisciplinary

studies—rather than collections of projects—have emerged as a central focus
of the U.S. effort. The nature and scope of programs now planned for U.S. par-
ticipation in IBP are different from past Federally-supported biological research
in that several of the major studies would involve the integrated and simultane-
ous interdisciplinary efforts of researchers on a single program.
The six to twelve major study proposals that are under development or com-

pleted are of varying size, organizational and funding complexity, and focus.
Some are related to the missions of several agencies. Others appear to be pri-
marily within the area of interest and funding authority of a single agency—so
that one agency would quite clearly have lead responsibility for support and pro-
gram management.

PROBLEM AREAS

Apart from the normal problems faced in the competition with other activities
for Federal financial support, U.S. IBP studies appear to have encountered the
following difficulties:
—The U.S. National Committee was flooded with project and program ideas
with the result that it has been difficult in the time available to delineate
and define the elements of the program that would be proposed for Federal
support.

—Some major studies proposed involve scientists and disciplines that are not
accustomed to the development and management of large-scale integrated
field studies requiring coordinated effort of researchers from several dis-
ciplines.

—Some of the studies (e.g., those of ecosystems) require special attention to
management arrangements at all levels of involvement to assure orderly
execution of studies and utilization of findings; e.g.,

on logistics at the research site;
in integration of research and support, including systems analysis,

computer services and data exchange;

.16
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in the National Committee, its subcommittees and study planning groups
in the development of studies which will involve many researchers from
various disciplines and institutions;
on the part of Federal agencies in carrying out program management

responsibilities.
—Those in the scientific community who are primarily interested in the more

conventional forms of biological research are not convinced as to the special
merits of the IBP and may look at IBP programs as undesirable competi-
tion, especially in a time of limited Federal research support money.

—Some of the major studies proposed for IBP are directly related to the mis-
sions and objectives of several agencies (including HEW, Interior, Agri-
culture, Defense, AEC, NASA, Smithsonian, Commerce, HUD, and NSF).
However, there is not yet any clear indication on the part of some agencies
of ability and willingness to support IBP programs. With some exceptions,
the ICC has had difficulty in getting agency commitments.

—In the area of biology research, the mission agencies involved are primarily
geared to financial support of projects and modest programs rather than to
larger-scale integrated studies of the type represented by some proposed for
IBP.

—Some mission agencies (e.g., Agriculture, Interior) that could be expected
to have an interest in studies proposed for IBP have a limited fund for sup-
port of extramural studies and competition for those funds is already high.

SPECIAL STUDY

A special study is needed to identify the issues and alternatives and to iden-
tify benefits likely to result from alternative IBP program content, timing, and
levels of funding. The memorandum should also deal with actions needed to
solve the practical funding and management problems resulting from multi-
agency involvement in IBP support. Such a program memorandum should be
available in draft by August and in final form by September 1968 for decisions
on the FY 1970 budget.
A special study should be undertaken to develop information outlined below.

Participation of other agencies, perhaps through the ICC, will be necessary in
carrying out the study and developing the PM.

A. Program Description
Briefly describe the U.S. IBP effort.
Identify the major areas of study for which Federal support is desired.

U.S. U. . National Committee Views

1. Scientific Merit and National Interest
For each major area of study:
a. Identify the scientific objectives and goals
b. Describe the relative importance of these objectives and goals:
—in terms of their scientific impact,
—in terms of the relevance to the solution of "national problems" (e.g. what

is the relationship to current problems of environmental change?)

2. Overall Program Development: Alternatives, Priorities, Management
a. Identify the priorities for the various parts of the research effort by describ-

ing both alternative program content and timing within and among major areas
of study for various alternative levels of total funding through FY 1972 for
IBP such as $10, $20, $40, and $60 million.

b. Identify differences in benefits for alternative funding levels.
c. For each alternative level of funding, develop displays (along the lines of

Attachments 1 and 2) covering the major IBP studies that are proposed for Fed-
eral support showing:
—significant dates,
—levels of funding required during the various periods,
—kinds of activity during the periods included.
d. Identify amount and source of funds requested or available • from sources

other than the Federal Government (e.g. state funds).
e. Describe the management arrangements for each large-scale integrated

study; e.g., planning, analysis, integration of data; coordination of work of
researchers and of supporting staff.
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f. Identify steps needed—beginning in the planning process—to assure the
effective application of findings in the solution of national problems or in further-
ing follow-on research. (For example, what steps can be taken to assure that the
large amounts of data that will be collected will be put to good use?

g. Describe the relationship of U.S. IBP efforts to the goals and objectives of
the international effort.
—Identify the benefits to the U.S. from participation in the international
program.

—Identify any cases where programs of other nations are dependent upon
findings in U.S. studies.

C. Federal Agency Evaluation and Plans for Support
1. Scientific merit and national interest

For each major area of study:
a. NSF views on the objectives and importance of the proposed research—as

outlined in B.1, above—identifying differing views from those of the U.S.
National Committee.

b. Views of other agencies when different from those of NSF.
2. Overall Program Development: Alternatives, Priorities, Management

a. NSF's assessment of alternatives, priorities and management—as outlined
in B.2, above.

b. Views of other agencies when different from those of NSF.
3. Federal agency Participation, Funding and Program Management

For each major area of study:
a. When the objectives of the area of study are related to mission require-

ments of one or more agencies, identify the agencies and describe the relation-
ship.

b. Identify the level of each agency's funding for IBP and directly related
research during FY 1968 (actual) and FY 1969 (estimated) .

c. Identify parts of the proposed major area of study that can be supported
during FY 1970 and future years by each agency (assuming no significant change
in overall funding levels) with mission interest through the normal funding for
research (extramural or in-house) through:
—on-going programs;
—new commitment of funds.
d. Identify IBP work, if any, that could be financed through the use of excess

foreign currency.
e. Identify instances where the major area of study is of interest to an agency

but the agency is unable to provide support through one or more of above means.
f. Identify amount of funds needed for the major area of study that would

not be provided by mission agencies. Describe the proposed funding method.
g. For each major area of study, particularly the large scale integrated studies,

identify the locus of responsibility in the Federal Government and the arrange-
ments for:
—securing and integrating supporting work financed under separate grants and
contracts;

—handling necessary coordination with other Federal agencies participating in
or supporting the study;

—monitoring the research progress and management.

APPENDIX B—DESCRIPTIONS OF INTEGRATED RESEARCH PROGRAMS

"In our times of unprecedented change, biologists are well aware of the rapidly
growing ability of their fellow human beings to alter the face of the earth through
technology. But they' are equally aware that these alterations can bring about
far-spreading and often destructive changes in the web of life that is stretched
so thinly over the surface of our planet. Our technology has out-paced our under-
standing, our cleverness has grown faster than our wisdom.
"Because of our limited understanding of the relationships among living things,

we are limited in our ability to predict the effects of technical change or to help
the technologists conserve the values and utilize the abundance of the world of
life. Our goal should be not to conquer the natural world but to live in harmony
with it. To attain this goal we must learn how to control both the external
environment and ourselves. Especially we need to learn how to avoid irreversible
change. If we do not we shall deny to future generations the opportunity to choose
the kind of world in which they want to live.
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"Greater understanding will make it possible for man to respond to opportunity
as well as to react to need. To gain such understanding is the underlying purpose
of the International Biological Program."—Roger Revelle, Past Chairman, U.S.
National Committee for the International Biological Program.

INTRODUCTION

The International Biological Program (IBP) grew out of mounting scientific
concern throughout the world for the major problems confronting mankind
today—the rapidly increasing population, food shortages and environmental de-
struction. As early as 1959, scientists began discussing the possibilities of orga-
nizing an international program which would deal with increasing food supplies
and keeping the earth a fit place in which to live.
In July of 1964, the IBP was voted into reality by the International Council of

Scientific Unions (ICSU) which set up a Special Committee for the IBP
(SCIBP). Based on the theme of "The Biological Basis of Productivity and
Human Welfare," the program was divided into two main phases: the planning
stage from 1964 through June of 1967, and the five-year operational phase from
July of 1967 through June of 1972.

Possibilities for United States participation in the IBP were explored by an
ad hoc committee of the National Academy of Sciences which, upon the recom-
mendations of this group, organized the U.S. National Committee for the IBP
in 1965 with Roger Revelle of Harvard University as chairman.

Fifty-three other nations also agreed to participate in the IBP and formed
national committees. Each country has developed or is in the process of develop-
ing a national program which fits into the broad international aims set up by
ICSU, but which also concentrates on special problems within their own nation.
Many of the developing nations in the IBP have directed their efforts toward
methods for increasing food production and for better population control, while
the more industrial nations have concentrated on investigating the problems of
urbanization and environmental pollution.
Because of the degree of advanced technology in the United States—which can

be harmful as well as beneficial—the U.S. scientists departed from the scheme of
trying to reorganize on-going research as many of the other countries had done.
They decided instead to develop entirely now methods for handling the very
complicated ecological problems found within the country. This new type of ap-
proach—which has been called the beginnings of "big biology"—involves the use
of multidisciplinary teams of researchers working on all components of a
specific environment and the interactions that occur between them.

Special concern was also given to man himself and how he fits into and affects
his environment—and how it affects him. Man's adaptation to environmental
stresses such as cold, high altitude and urbanization was of particular interest
to the IBP scientists.
With the advent of the operational phase in July of 1967, the U.S. National

Committee found itself with a group of integrated research programs specifically
generated by and designed for the IBP. Also a part of the U.S. effort were smaller,
individual research projects that were not IBP-originated, but closely related to
the aims and goals of the program.
The major effort of the U.S. Committee for the next few months was to inter-

relate these programs for a better concentration and management of research
effort. Along with these actions, the structure of the Committee itself was altered
with the chairmanship passing to W. Frank Blair of the University of Texas,
and the formulation of plans to streamline the group to meet the needs of the
operational phase of the program.
Through these efforts, the large-scale integrated research programs which

formed the major core of the U.S. contribution, focused more sharply on the two
main centers of international interest—problems of human adaptability •and
those of environmental management. Although the number of integrated pro-
grams in these two areas has been and is still subject to change through the
addition of new studies or the merger of others, the contributions to be made
over the next few years should be of significant value in helping to "not conquer
the natural world, but to live in harmony with it."

PROBLEMS OF HUMAN ADAPTABILITY

As a result of rapid technological advances and increasing population pres-
sures, man is so seriously disturbing his environment that he is subjecting him-
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self to a wide variety of new stresses and strains. Man is an enormously adapt-
able animal, but it is clear that his adaptability has limits, and that attempts to
exceed them produce a toll in disease and death. Clearly, we must greatly im-
prove our understanding of the processes of human adaptability if we are to cope
with the emerging crises of human survival.
The scientific basis of human adaptability has two major components—the

genetic, which sets the limit of the organism's capacity to respond, and the
physiological and behavioral, which determines the range of responses available
to the organism given its genetic set. At one extreme of the spectrum of inquiry
that can be brought to bear on human adaptability is population genetics, and
at the other extreme, environmental physiology. In between, many aspects of
modern medicine and anthropology come into play.
Human behavior, in contrast to the behavior of other organisms, includes a

large set of cultural activities, the domain of the arts and social sciences. These
establish a context, a pattern of civilization, within which the more biological
attributes of human adaptability must operate. It is the limited adaptability of
the latter, expressed in genetics, physiology and behavior, that are the central
theme of this program.
Each U.S. 1BP integrated research program in human adaptability attempts

to exploit 'certain unusual opportunities to understand critical aspects of human
adaptability. Some of these opportunities are associated with vanishing cultures
and will soon disappear. It can be truly said that this is the last generation of
scientists to have the opportunity to study primitive cultures, and the first gen-
eration to have adequate tools in genetics, molecular biology and physiology to
do it. As an aggregate, these programs will clarify many mechanisms of human
adaptation to environmental extremes and to urbanization. They are articulated
by a number of common subjects, especially nutrition and population genetics, and
by research on the same populations under varying conditions, such as Eskimos
in the Arctic hunting and in urban settings. They are also coordinated with the
environmental programs through commonalities of place, time and personnel.

INTEGRATED RESEARCH PROGRAMS IN HUMAN ADAPTABILITY

International Study of Eskimos
Eskimos, similar in race, language and culture across a distance of 3,000 miles

at the top of the world, represent the greatest linear dispersion of one group of
people in human history. Their habitat, snow-covered two-thirds of the year, is
marked by low temperatures, seasonal extremes in light and darkness and rela-
tively meager resources. The aim of this five-year program is to elucidate
biological and behavioral processes responsible for the successful adaptation and
slow population growth of 70,000 Eskimos in an arctic environment.
The integrated program involves multidisciplinary scientific teams from the

United States, Canada, Denmark and France who are cooperatively and simul-
taneously studying their own Eskimo citizens (excepting France) in Alaska,
Canada and Greenland. Methods to be used, previously approved by IBP work-
ing groups following World Health Organization recommendations, will be com-
parable to simplify synthesis of results.
The research categories are: (1) general health and performance, with special

attention to the cardiovascular system, work capacity and the antibodies present
in the blood and serum; (2) child growth, including long-term studies of the
size, form and composition of the body at different ages, the definition and bone
mineral content in vivo • (3) genetics, including genetic markers, the population
structure and demography; (4) behavior, including cognition, psychomotor and
expressive behavior, and behavioral genetics; and (5) ecology, including
quantification of nutritional energy flow through the ecosystem of which the
human population is a part.
The studies will provide immediate dental and health benefits and growth

norms for Eskimos, who are increasing population numbers at about three and
one-half percent per year, as well as contribute to basic knowledge of small
group population genetics, of human survival in a harsh environment, and of
relations within a small isolated population between genetics, stress, environ-
ment and disease.

Population Genetics of the American Indian
Scattered throughout South America are still to be found tribes of Indians

living by hunting, gathering and simple agriculture, much like the ancestors of
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most civilized populations a few thousand years ago. These tribes provide a
rapidly disappearing opportunity to obtain a baseline on the vital statistics and
health patterns of primitive man. At the same time, dispersed throughout the

United States, but especially in the Southwest, are groups of relatively pure
Indians who are in the mid stream of transition from the primitive state to the
Atomic Age. In their lifetime, these Indians are subject to biological adjustments
which in the Old World were spread over several thousands of years. Thus, the

study of these transitional Indian population in conjunction with the study of
primitive groups should provide important insights into the kind of biological
adjustments modern man is being called upon to make and some of the con-

sequences of these adjustments.
This specific investigation at present entails the collaboration of U.S. inves-

tigators with those in Venezuela and Brazil. Several very primitive tribes liv-
ing on tributaries of the Amazon and Orinoco Rivers have been selected for
studies of their mating patterns, methods of fertility control, birth and death
rates, genetic characteristics, food utilization characteristics and disease pres-
sures. The early effects of acculturation are being explored in the expectation of
linking these studies in time with studies on the much more changed Indian
of the United States. From the careful, quantitative study of groups such as
these, an understanding of the changing stresses of modern man and, possibly,
some insight into their consequences can be found. All over the world the re-
maining primitive societies are being rapidly disrupted; this is probably the last
generation of scientists to be able to study them.

Biology of Human Populations at High Altitudes

A significant portion of the world's population, more than 25 million people,
live at altitudes above 10,000 feet. This number can be expected to expand
as world-wide pressure for living space increases. The former stability of an-
cient high altitude populations is rapidly disappearing as transportation facilities
improve. In some communities, there is a constant influx and eflux, yet the
population dynamics of such communities are poorly understood. In particular,
the reasons why people leave high altitude have never been examined systemati-
cally. The role of biological inability to adapt to chronic hypoxia in comparison
with other environmental stresses such as cold and dryness has not been
thoroughly investigated as well as the economic, social, political or cultural
factors that affect these populations.

United States participation in the study of man living at high altitudes will
be concentrated in the Western Hemisphere, with emphasis on collaboration be-
tween scientists in both North and South America. At the same time, the program
will integrate with investigations in such countries as Ethiopia, India and the
Soviet Union. Three human population groups will be examined in the U.S.
program: a North American population at 10,175 feet in the Rocky Mountains;
a South American population also living at 10,175-11,500 feet; and a predomi-
nantly native Andean population living at the more extreme altitude of about
13,000 feet.
In each of these populations, the human biological investigations will have

three main foci—physiological adaptations to the chronic hypoxia of high alti-
tude from before birth to old age; medical and obstetrical problems which are
a direct consequence of maladaptation to high altitude such as incidence of
.fetal wastage and malformations; and modification of disease by high altitude.
In this last category, one provocative hypothesis is that residence at high altitude
may protect against degenerative cardiovascular disease.
The study of these three populations will allow judgments to be made con-

cerning the relative significance of genetic and physiological processes in human
adaptability. The peoples to be studied in the Rocky Mountain communities
enjoy such conveniences as central heating, adequate clothing, sanitation, re-
frigeration, adequate nutrition, good medical care and private transportation.
Hence, the primary uncontrollable environmental factor is the reduced at-
mospheric pressure and the resulting hypoxia. For the Andean populations who
have lived at high altitudes for many generations, these amenities are not readily
available. A hypothesis that can be examined in these studies is that their adapta-
tion has been primarily genetic whereas the North American peoples have made
their adjustments physiologically.

Nutritional Adaptation to Environment
The nutritional studies in the IBP are based on research that is integrated on

a national and international basis with other programs of human adaptation.
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The results will hopefully assist mankind in making adjustments to present and
future circumstances in relation to food.

Experience in typical arctic, tropical and temperate zones has resulted in
three extreme ranges of food practices that are in sharp contrast as related to
critical margins of success or failure in human adaptability. Limitation to
animal sources of food in polar areas of Alaska, Canada and Greenland has re-
sulted in diets that are close to the limit of physiological tolerance in their high
content of protein and fat and their low content of carbohydrates and vitamin C.
In tropical areas of Latin America, Africa and Asia the reverse is true: diets there
tend to be critically low in good quality protein, high in starch or sugar and seri-
ously low in total energy content. Temperate zones as in the United States and
Western Europe permit varied and more adequate food production and generally
a more favorable economic environment. Nutritional adaptation research in this
area is needed to identify requirements for all essential nutrients including
vitamins and trace elements such as zinc and chromium, and to investigate the
tragic hazards of excess caloric intake.
Within the integrated programs, the Eskimo study includes a nutritional exam-

ination of food consumption by different age groups and metabolic measurements
to identify the degree of functional adaptation to the restricted and extreme types
of diets.
Among the tropical and subtropical populations, protein deficiency is a major

hazard to health and human development. There is an urgent need for U.S. co-
operation in identifying the degree of protein deficiency and its differentiation
from caloric and other dietary deficiencies that may exist concurrently.
In the temperate zone, good quality protein foods are available. Nevertheless,

many problems require intensive research on quality, safety and nutritive value
of foods in their production and use for domestic and export purposes. Studies
will be directed also to impoverished urban and rural areas, to migrant popula-
tions and other groups living in stress environments.

The Ecology of Migrant Peoples
The planned research on the ecology of migrant peoples will improve under-

standing of how people who migrate from a rural to a highly urbanized environ-
ment adapt to change. Involved in migration are various factors including the
physical environmental (increased congestion, noise, traffic, and climatic differ-
ences), the institutional environment (impersonal routines and authority, and
conformity to rigid time schedules), and the social environment (changing family
patterns, exposure to gangs and to deviant behavior such as narcotics addiction).
These factors constitute critical changes in the ecology of migrants.
Work on the ecology of migrants of varied racial and ethnic origins can clarify

the broadest common denominator of human response to industrialization. World-
wide, at least a billion people have migrated since World War II, yet rigorous
bio-social studies of migrants are almost totally lacking.
In this program, priority has been given to source populations under high physi-

cal and socio-psychological stress in Mississippi and Georgia and in receiving
areas like the inner city of Chicago and Fairbanks, Alaska. Specifically, Holmes
County, Mississippi, appears to be the most economically deprived area in the
United States, and the areas to which Holmes County people migrate in Chi-
cago—Maywood and the West End—have been foci of violent unrest. Con-
sequently, the work proposed would yield basic data on the phenomenon of migra-
tion and also contribute directly to the urgent search for social justice and
tranquillity called for by the President's Commissions on Rural Poverty and on
Civil Disorders. Furthermore, the program's methodology would have world-wide
relevance and its field operations would provide a basis for associated programs
to alleviate chronic poverty and deprivation.

PROBLEMS OF ENVIRONMENTAL MANAGEMENT

An increasing human population coupled with an expanding technology has
placed unprecedented stress upon the biosphere, the world environment in which
man lives. More of the productive capacity of the earth must be harnessed for the
benefit of man, while at the same time more space is used for other activities and
more waste and contamination are released. Improperly managed, these activities
become incompatible, reducing both the quality and the productive capacity of the
environment. Each local problem can often be allayed with a "quick technological
fix," but such a piece-meal approach usually shifts the place or time of the
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problem rather than eliminating it. Mankind is running out of both places and

time.
The scale of these problems is larger than the scale of conventional research.

Their solution requires the skills and knowledge of many disciplines, the co-

ordinated efforts of many scientists, the experimental manipulation of large

environmental-biological systems, the study of interactions in such systems and

the synthesis of large amounts of information into working models. Only by such

an approach can the predictive powers of the separate sciences be integrated to
reach the needed level of reliability.

Figure 1

Scientific Basis for Environmental Management

A. Changes in Plants and Animals
1. Evolutionary Adaptations
2. Physiological and Behavioral Adaptations

B. Changes in Relationships of Plants and Animals
1. Interactions with the non-living environment
2. Interactions with other organisms

C. Structure and Function of Ecosystems

The scientific basis of environmental management combines a variety of basic
and applied problems in several major components (figure 1). A major biological
aspect of the environment concerns the changes that occur in plants and animals
in response to variations in their surroundings. These areas parallel those in
human adaptability. Evolution has produced, for each species, a genetic composi-
tion that sets limits to its environmental responses. Within these constraints,
physiological and behavioral mechanisms define an array of responses that can
be used to cope with environmental change. Both areas, applied to the several
thousand species in an ecosystem or the several million in the biosphere, will
make use of enormous amounts of information already on file, as well as requir-
ing much more research as this information is integrated and the underlying
processes become better understood.
A second major biological aspect of the environment concerns changes that

occur in relationships between organisms or between organisms and the non-
living environment in response to environmental change. The presence or ab-
sence of species in a region is largely determined by such relationships, and for
each species present its many relationships are continually shifting as the com-
position of the environment changes. The effects of changes imposed by man
could be predictable if we knew much more about the mechanisms influencing
such relationships. Better control of particular species is certain to result. Here
the role of the meteorologist, soil scientist and chemist are as significant as those
of the ecologist, behaviorist and molecular geneticist.
The environment as a whole includes both biological and physical-chemical

processes. Their interactions in given regions produce complex ecological systems.
These ecosystems in turn interact in larger regions producing on the largest scale
the earth's biosphere, the total system in which organisms participate. The eco-
system is the smallest unit in which environmental management can be applied
if problems are to be solved rather than moved. One goal of this program is to
learn much more about the structure and function of such systems.
Most of the IBP integrated research programs in environmental management

are concerned with the processes discussed above. In addition, urgent problems
in conservation face mankind. The U.S. IBP includes the search for and preserva-
tion of representative ecosystems. Areas preserved for long-term scientific use
provide natural laboratories for the study of ecosystems in all their variety and
complexity including their inherent biological productivity. They can serve as
check areas against which the effects of use, protection and management of
comparable areas of land and water can be measured. They provide for the
continued existence of large numbers of species whose potential use by man is
yet unknown, as well as the preservation of many genetic stocks, wild pre-
cursors of domesticated organisms, from which breeding of more useful strains
may be continued.

INTEGRATED RESEARCH PROGRAMS IN ENVIRONMENTAL MANAGEMENT

Convergent and Divergent Evolution in the Americas
This cooperative research program has three main purposes: the understand-

ing of the processes and results of both convergent and divergent evolution in
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structure, behavior, and physiological adaptation of various kinds of organisms
of the New World as well as the puzzling relationships between various South
American and Australian groups; understanding of the composition, ecological
niches and functioning of ecosystems that have evolved in similar environments
of the Southern and Northern Hemispheres; and the understanding of native
and invading biotas of the land areas of the Hawaiian Islands.
Selected biologists from several American countries and Australia have

planned a cooperative research program with subprograms on six groups—
amphibia, fish, mammals, reptiles, insects and plants. Each has investigators and
institutions named to a limited extent that will expand as the program proceeds.
In addition, there are two subprograms concerning the questions of convergence
in ecosystem structure and convergence in physiological adaptation.
In the Hawaiian Islands, the native terrestrial biotas are most seriously

threatened. Many island species have become extinct; but most of the remaining
species can be saved with better understanding of the interactions between the
plants and animals and their changing environments, especially where man is
having a serious influence. The rich Hawaiian flora and fauna evolved from
about 700 immigrant species, under conditions of extreme isolation in the course
of a few million years. This provides an unsurpassed natural laboratory for the
•study of evolutionary and ecological phenomena.

Experimental Biogeography of the Sea
This program seeks to develop the ecological and physiological knowledge

required to predict how environmental factors limit or enhance the abundance
and productivity of selected marine organisms of interest to man. Studies will
be in the United States and other IBP countries in the Americas.
Knowledge gained on the mechanisms of marine productivity is basic to an

identification of the environmental factors and stresses which limit the distri-
bution of organisms and help explain evolutionary diversity. It would also aid
in identifying optimal environmental and functional conditions useful for as-
sessing aquacultural potentialities for selected species and provide an under-
standing of the significance of selected marine organisms in food chains impor-
tant to man's welfare. In addition, information would become available on the
adaptive capacity of organisms for life in modified or disturbed environments
such as polluted waters.
The IBP research will be conducted in terms of "packages" of separate pro-

jects, all dealing with a particular organism or group of closely related organ-
isms. Investigators representing different disciplines will study various physio-
logical parameters on a coordinated cooperative basis.

Physiology of Colonizing Species
Species of plants and animals which invade disturbed habitats will be inves-

tigated in this program to first, obtain a better understanding of the charac-
teristics of these species that allow distribution expansion and second, to deter-
mine the role of habitat alteration in promoting these invasions. A range of
species will be studied varying from those possibly representing local expansion
of a specially adapted type to broad expansion of a type with generalized adapta-
tion. The habitats to be evaluated will encompass a broad latitudinal and al-
titudinal diversity in the Western Hemisphere. From these studies should come
a fuller understanding of the interplay of the disturbance of habitats and the
physiological adaptation of invading species.
Basic characteristics of invading plant species that will be investigated in-

clude: (1) opportunistic ability to expand or contract a lift cycle to fit growing
seasons of varying length; (2) the production of chemical inhibitors; (3) the
ability to survive in relatively pure stands; (4) broad tolerance of temperature,
light intensities, and photoperiods ; (5) less palatability; (6) less dependence on
a particular insect for pollination; (7) regulative propogation or other asexual
reproduction; and (8) self-fertility. These studies will try to determine if cer-
tain characteristics promote invasion of a given habitat at a given latitude.
The program also seeks to measure the degree to which invading species have

diverged physiologically and biochemically under the pressure of new selective
forces in a variety of habitats. These comparative studies will yield insight into
the factors of population adaptation. Attention will be given to habitat influ-
ences since man's disturbance of habitats plays a major role in species invasion.

29-576--69----10
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Atmospheric Dispersal*

This program is designed to meet urgent problems of airborne diseases, 
aller-

genic substances, and biologically harmful pollutants in the air around ma
n. It

will organize, integrate, and extend present investigations of airborne 
spores,

pollen, microbes, insects and other small organisms and biologically signi
ficant

non-living materials such as toxic gases. It will also identify critical problems

not yet under investigation and will initiate new projects to meet those needs.

The IBP provides unprecedented opportunities for attacking these problems

because of the free cooperation between nations and because of concurrent

development of schemes for global monitoring of environmental conditions.

The program will include segments for research technology, phytopathology,

allergenic particles, transport of genetic material, human and animal disease

microbes, wind-carried insects and other small animals and gases toxic to orga-

nisms. The American Phytopathological Society, which has for many years fos-

tered international cooperation for study of plant diseases and amelioration of

resulting losses, has placed its IBP steering committee within the framework of

this program to assist in the prosecution of three related areas within phytopath-

ology : mode and places of origin of organisms causing plant diseases in major

crops; processes by which plant disease organisms are dispersed; and assessment

of world-wide plant disease losses.
The atmospheric dispersal program will share efforts with several other IBP

programs as well as various Federal agencies, scientific societies and numerous

private and university laboratories. It will increase the quantity and improve the

quality of research on atmospheric dispersal of biologically significant materials,

while taking full advantage of the new opportunities for working in the full

context of world-wide investigations.

Phenology
Plants and animals undergo rhythmic changes from season to season. These

biological rhythms collectively are termed the phenology of the organism. These
phenological changes are the response of the organism to regular, seasonally vary-
ing meteorological inputs such as light, heat and moisture. Because man has
many uses of phenological information about plants and animals, it is important
to obtain a broader and more predictive knowledge of these phenomena.
The objectives of the phenology program include detailed studies on plant

and animal species, both aquatic and terrestrial at a number of sites within the
Unied States in order to prepare phenological maps; to obtain clues to the physio-
logic limitations that determine climatic limits of species and explain the bio-
logical basis for phenological timing; to test the hypothesis that such studies
will aid in understanding evolutionary mechanisms; and to contribute to under-
standing the role of phenologic phenomena in the structure and productivity of
ecosystems.
The program provides for overall coordination and three sub-programs on

mechanisms, phenology within communities, and phenologic maps. Broad studies
will be conducted with the aid of a large network of stations and observers. They
can be done at several levels of sophistication, providing participation by people
with all levels of scientific training. Special sites will be selected and intensive
multidisciplinary studies made of measurements of environmental parameters
and population structure, breeding behavior and physiology of organisms. A chief
aim will be the development of phenologic maps that will predict planting and
harvesting dates for crops and outbreaks of plant and animal borne diseases as
well as other biological events.

Analysis of Ecosystems
Plants and animals live together and interact continually with the non-living

parts of their environment. These ecological systems or ecosystems are the units
of landscape or seascape of immediate importance to man. Understanding or
predicting the responses of ecosystems to man's activities requires knowledge
of the whole integrated system as well as of living and non-living components.
The purposes of the Analysis of Ecosystems program are: (1) to understand

how ecological systems operate with respect to both short-term and long-term
processes, including those disturbed to varying degrees by man; (2) to analyze
interrelationships between land and water systems so that broad regions may

*Also referred to as the Aerobiology Program.



143

be considered as entities; (3) to estimate existing and potential plant and animal
production in the major climatic regions of this country, particularly in rela-
tion to human welfare; (4) to add to the scientific basis of resource management,
so that optimization for multiple use and for long-term use can be improved; and
(5) to establish a scientific base for programs to maintain or improve environ-
mental quality.
In this program an intensive team effort will be made to study six kinds of

ecosystems called biomes—grasslands, tundra, desert, coniferous forest, deciduous
forest and tropical forest. Each of these six intensive studies will involve many
scientists of varying disciplines and each study has its own management struc-
ture. In turn, efforts in the six studies will be coordinated by the overall
program director and his staff. Strong modelling and synthesis projects are char-
acteristic of this whole program.
Within each of the six biomes, a comprehensive study involving natural gradi-

ents or contrasts of climate or sites is planned. These will sample the range of
conditions that exist in the biome. For example, the deciduous forest biome in-
cludes contrasting forest types ( oak-hickory, beech-maple) , a variety of geologi-
cal conditions (granite, limestone, gravel, clay) , variations in the steepness of
topography and variations in the degree of alteration by man. Many of these
will be utilized to improve the power of analysis concerning ecosystem function.
At least one site in each biome will be the location of an intensive study—as

complete a study as modern technology permits. All of the components of the
system will be studied, and all processes will be evaluated in relation to other
variables. On different subareas within the study unit, different treatments will
be imposed to stress the system or to shift its configuration into a different state.
This general plan will be modified to fit specific situations within each biome.
The synthesis of results toward an understanding of ecosystems will be a major

research activity. It will be supported by a staff of planning and analysis ex-
perts in each biome who will develop models of ecosystems that incorporate
all of the data, attempting to view the system as a whole. This information syn-
thesis will begin with data from the several states of one system in the intensive
study, continue with data from system variants in the comprehensive study,
and finally include data from markedly different systems in different biomes.
The many benefits that will be derived from this large-scale attempt to under-

stand ecosystems can be divided into three main areas—biological productivity,
resource management and environmental quality.

Biological Productivity.—Productivity is one measure or capability by which
systems as different as the grasslands, forests and lakes will be compared. It is
a measure of their biological conversion of solar energy—their ecological effi-
ciency. With information from the six biomes, extensive knowledge on total
natural plant and animal production as well as economic products in the United
States should become available. In collaboration with other IBP countries, actual
and unrealized potential production can be assessed also on a world-wide basis,
in circumpolar, temperate and tropical zones.
By gaining knowledge of the interactions that occur between green plants,

herbivores ( animals that eat plants), predators (animals that eat other animals)
and decomposers (the microorganisms in organic matter), levels or allocations
of production can become understood. This information is vitally important for
agricultural systems and in the field of biological control of pests.
Resource Management.—Multiple use of natural resources is increasing stead-

ily: for example, combining timber production, hunting, fishing and recreation.
Management programs for this multiple use are already developing but are very
complex and cumbersome because of lack of knowledge. The principles and facts
about ecosystems that will be produced by this program will establish a theoreti-
cal base on which to design the complex management systems needed. Once the
principles governing whole ecosystems become familiar, management should be-
come both simpler and less expensive than it is at present. Mistakes should be
foreseen and avoided where possible.

Quality of the Environment.—A rapid deterioration of the environment is often
due to obvious causes that can be corrected if enough people decide to do so.
The solution of these problems seldom requires more than the most elementary
level of ecology.
But, of growing concern are the less visible, more chronic, insidious changes

that take place over decades. Many phenomena of varying importance to man can
be listed: the thinning of the soil, the increasing need to spray crops, the in-
creasing abundance of weeds, the dense algal blooms in lakes, the decreasing
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abundance of sport fish and changes in species of birds in towns. These and many

others combine to produce profound changes over long periods of time.

Many of these problems are deeply rooted in ecological systems. They are

system responses in which the visible effect appears in one part of the system

while the cause lies in another. The relation between cause and effect, and

recommendations for improvement would be much easier to determine if the

operations of ecological systems were better understood.
In effect, the program on intensive analyses of ecosystems provides a struc-

ture or framework which references and utilizes information from all the inte-

grated programs on plants and animals in the U.S. IBP.

Conservation of Ecosystems for Scientific Purposes

Increasing human populations, with their attendant demands upon their sur-

roundings, make increasingly urgent the selection and preservation of represen-

tative samples of environments. Already, some of these environments are dis-

appearing while changes in use are affecting many others. Some experimental

areas with records of study extending back several decades are threatened by

encroachment of buildings or highways. Future generations will find even more

urgent the need for natural or near natural areas for comparative study and

areas with long histories of study.
The overall purpose of this program is to assure to protection and preserva-

tion of a full range of environments—both those relatively little disturbed by
man and those that have been appreciably modified by his activities; of those

rare or endangered species not subject to protection by reservation of areas; and

of those areas, aquatic and terrestrial, with long histories of scientific records.

Specific goals include the provision of registries and descriptions of protected

areas and areas requiring protection as well as guidelines useful in managing

and protecting them. Assistance will be given to other nations also interested in

accomplishing these same purposes.
The program will be accomplished by stimulating and providing a focal point

for those activities already underway by governmental or private units. Thus,
the Directory of Research Natural Areas on Federal Lands published in 1968,
will be updated and additional natural areas added. An assessment and plan of
action for publishing similar information on non-federal lads will be carried
out by a foundation under the program's direction. An inventory of freshwater
and estuarine areas has begun as has a study of mechanisms for assuring pro-
tection in marine areas.

PROPOSED RESEARCH FOR THE U.S. IBP

The programs classified as proposed research have also been generated spe-
cifically for the IBP but have not yet reached the stage of development neces-
sary for final approval of the U.S. National Committee as an integrated research
program. There are several alternatives for each of these programs—they may
be considered adequately housed in existing IBP related research, or they may
be incorporated into an existing integrated program, or indeed be established
as an additional integrated program. As the U.S. Committee continues to examine
the spectrum of past, present and planned research in relation to its objectives in
human adaptability and environmental management, additional research needs
may also be found.

Conservation of Genetic Materials.
The genetic resources of plants by which we live are dwindling rapidly and

disastrously. Yet these are the very raw materials on which plant breeding and
related agricultural research depend for increasing production efficiency.
The United States, with no native resources of major crop plants, has pro-

grams within government agencies on the introduction, evaluation, and con-
servation of genetic materials from abroad. There is a national need to assure
the protection of these invaluable resources on a world-wide scale through, funda-
mental research. These effort will provide future generations with one of the
most powerful, single weapons for agricultural improvement.
In the international field, IBP is a source of scientific expertise in problems of

exploration, utilization and conservation of plant gene resources since these are
essential to developing and developed countries alike. On the national scene,
IBP is a vehicle for relating research in the academic area to the needs of the
governmental programs of plant introduction, utilitization and conservation.
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These programs will benefit from new inputs in crop evolution, systematics
and plant geography as they relate to world centers of diversity. The remark-
able changes undergone by cultivated plants in a very short period of time and
the projected changes in the future offer remarkable opportunities to study prim-
itive crop ancestors and their weedy relatives as a basis for more effective
programs of plant exploration, use and conservation of this essential base of
crop variability.
An information center recording the unusually high production levels of

selected crops under favorable conditions of environment and cultivation would
help summarize the maximum levels of energetic efficiency or protein quality
that are possible under conditions of intensive management. These data would
be correlated with the results from the Analysis of Ecosystems Program, and
studies of natural and managed ecosystems of other countries.

Crop Production Under Stress
The clear necessity of matching food production to the needs of the world's

population requires an accurate knowledge of the factors limiting primary pro-
duction in the various regions and environments of the globe. The objectives of
this program are: to identify the environmental factors that limit production
of plant materials, particularly foodstuffs, and to encourage and coordinate re-
search on the nature of the physiological responses of plants to environmental
stresses.

Recognizing the limitations of time, funds and personnel, this program focuses
on certain immediate problems of a specific nature in the Western Hemisphere—
increasing plant tolerance to drought and to temperature extremes and increas-
ing rooting zone volume particularly in tropical soils. The program encourages
investigations of environmental factors using an internatioal team approach with
local and visiting scientists working together. Concomitantly with field studies,
laboratory and model studies are encouraged. The end results of this program will
provide a logical basis for manipulation of the environment and biological fac-
tors involved in plant production.

Productivity and Conservation of Marine Mammals
Marine mammals are largely oceanic, truly international, and represent a large

source of protein and fats. Their exploitation has largely been heedless of bio-
logical realities so that population after population has been drastically depleted.
It is striking that the adaptation, systematics, distribution and abundance of
most species remain uncertain or unknown.
Current research on marine mammals in the fields of systematics, behavior,

physiology, acoustics and anatomy is urgently in need of expansion and integra-
tion so that an intelligent approach to this major resource will evolve on a na-
tional and international level. The IBP offers the best opportunity to gather
together research-oriented marine mammalogists into a comprehensive, inter-
national, non-political program. The U.S. program aims initially at the establish-
ment of a Marine Mammal Coordinating Council to integrate existing programs
and at the development of a Central Repository for specimens.
Only by developing a strong U.S. program wfth international ties, will effec-k

tive research be developed leading to a full understanding of even a portion of
the aquatic adaptation of marine mammals. Only by understanding those adapta-
tions will use and management be approached intelligently on a world-wide basis
and the full potential of marine mammals be realized. The IBP represents per-
haps the last great opportunity fully to understand these unique and historically
important animals for their own sake and for the benefit of man.

itrogen Management—Evaluation of Inputs and Outflow
Major factors limiting production in tropical, temperate, and arctic climates

are the fixation and changes of nitrogen. Familiar schematic pictures of the nitro-
gen cycle need to be measured as quantitative budgets to understand these rates.
Nitrogen budgets will be studied both in native environments and under agricul-
tural conditions to determine the extent to which this process contributes to the
total nitrogen and monetary economy in food production. Research on factors
affecting fixation of gaseous nitrogen, from the atmosphere by microorganisms
of roots and leaves, is being coordinated in a world study on symbiotic fixation.
The U.S. program will further evaluate nonsymbiotic nitrogen fixation and the
extent to which this process can be exploited in the production of food will be
estimated. Sources of fixed nitrogen will be compared with industrial nitrogen
sources as potential contributors to food production in order to pinpoint rations
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that will have to rely—for social, economic or logistic reasons—on 
biologically

fix ed nitrogen instead of industrially prepared nitrogenous fertiliz
ers. The poten-

tial effect of large-scale use of nitrogen fertilizers on the quality of 
the environ-

ment and on food quality will also be explored. Mechanisms for 
avoiding con-

tamination of the environment with excessive quantities of nit
rogen and for

dealing with inordinately high levels of nitrate in ground waters, 
lakes and

streams will also be considered.

Chemical and Biological Controls of Organisms

A great variety of substances produced by plants or animals 
stimulate or

depress the development and growth of neighboring organisms. 
Although local

concentrations of solid and liquid wastes or other animal excretions 
may be

sufficient to exert measurable influences, chemicals of plant origin
 are more

abundant and generally are more complex so that they are of farther 
reaching

consequence in the natural environment. The same general groups of chem
icals

are involved in interrelations between plants and animals.
Inhibiting or stimulating effects may be produced by substances released f

rom

one plant when they contact another plant of the same or a different type. Th
e

active substances may be synthesized in any part of the donor plant and ma
y

be released by volatilization, excretion, leaching, leakage or during decay o
f

dead matter. These phenomena appear to be universal in occurrence and of

great importance in natural vegetation and in crop growth. They affect pro-

ductivity including crops yields, nutrient cycling and population density contro
l.

As a part of the U.S. IBP, this program will seek to identify plants which

produce such chemicals in natural and managed ecosystems and develop methods

to utilize such active species or the substances they produce to obtain greater

and more natural control over vegetation and increase the yield of usable plant

materials. The pathways of synthesis and movement and sites of accumulation

of these chemicals within the donor plant, the manner in which they enter the

environment, and the pathways of entry and mechanisms of their action in the

receptor plant will all be investigated. Research will also be considered to de-

termine the fate of these substances in the environment when affected by micro-

organisms, soil conditions, fire, and climatic agents and to discover the influences

of these and other environmental, genetic, and physiological factors on such

chemical activity.
Basic research on insect development and behavior has led to the identifica-

tion of naturally occurring chemical agents in insects that have profound effects

on insect development and behavior. Similar basic investigations on the inter-

action of plants and insects have also identified the presence of these naturally

occurring chemical agents in plants. Such natural chemicals may represent the

natural protective mechanisms that have evolved in plants to prevent their

destruction by pests. Recent developments in these fields open up new areas
of research that should be fully exploited in the search for more effective, more
economical and safer ways to control plant and animal pests. Pests destroy up to
30 percent of the world's food production. They are responsible for some of the
most devastating and dreaded diseases of man and animals.
Current chemical agents for controlling insect pests are not selective in their

action. They destroy beneficial as well as destructive insects. They create haz-
ards in the environment that can adversely affect fish and wildlife resources.
Pesticide residues in foods represent problems of concern to many people. Avail-
able information on the action of juvenile hormones, ecdysones and other nat-
urally occurring chemicals derived from plants and animals indicates that such
agents can be expected to be highly selective in controlling target pests without
hazard to man, animals and most other organisms in the environment.
A conference of experts in the field of insect-plant interaction recommended an

IBP research program that would involve the isolation, identification and struc-
tural determination of biochemical agents that occur naturally in plants and
animals, and continued basic research on the effect and mechanism of action
of these agents on insect development and behavior. Research on organic syn-
thesis of natural products possessing pesticidal action, including analogs and
antagonists, was considered valuable for the program, along with laboratory and
field tests aimed at the practical development of such selective agents for pest
control. Studies would also be included to determine the ecological impact of
the use of such agents on other organisms in the environment.

Biological control of pests by use of their natural enemies offers another
valuable possibility for managing agricultural pest problems with proper con-
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cern for the quality of the environment and long-term human needs. This method
requires sustained and concentrated efforts along sound ecological lines, circum-
stances that have been lacking for the most part in conventional pest control
programs.
The IBP has set up internationally four core programs for the biological

control of aphids, spider mites, scale insects and rice pests. The U.S. program
will coordinate with this world-wide effort and in addition, try to increase the
number of highly trained specialists in this field. It will demonstrate the utility
of this method in exemplary areas and establish a supportive information and
communications center.
This program will not only lead to a more natural and efficient way of con-

trolling pests which year after year decimate agricultural crops, but will also
help prevent the pollution of the enviornment which so often occurs when non-
specific, manmade chemicals are used for pest control.

APPENDIX C—GOALS OF THE INTEGRATED RESEARCH PROGRAMS *

(I) HUMAN ADAPTABILITY COMPONENT

(A) General.—The broad goal of this component of the US/IBP is to advance
knowledge of (a) the genetic, and (b) the physiological and behavioral adapta-
tions of man. It now includes five integrated research programs—others may
develop. They supplement those on-going researches that already provide a wide
array of information. Each IRP will attempt to exploit certain unusual opportu-
nities to understand critical aspects of the adaptive process. These programs,
their goals and target dates are:

(1) International Study of Eskimos
(a) Goals.—To elucidate biological and behavioral processes responsible for

the successful adaptation and the continuous but slow population growth of
70,000 Eskimos in an arctic environment.

(2) Population Genetics of American Indians
(a) Goals.—To acquire from primitive tribes of South American Indians base-

line information on mating patterns, control of fertility, birth and death rates,
genetic characteristics, food utilization and disease pressures, and to link
studies in time with studies on the much more changed Indians of the United
States. From these quantitative studies of primitive and transitional groups can
issue an understanding of the changing stresses of modern man and possibly
some insight into their consequences. U.S., Venezuelan and Brazilian participa-
tion is involved.

(8) The Biology of Human Populations at High. Altitudes
(a) Goals.—To study selected populations living at altitudes above 3,000

meters for (1) physiological adaptations to chronic hypoxia from before birth to
old age, (2) medical and obstetrical problems which are direct consequences of
maladaptation, and (3) modifications of diseases. ( Some recent observations
indicate that high altitude may protect against degenerative cardiovascular dis-
ease.) It is planned to study (1) a North American population at 3,100 meters,
(2) a South American population at 3,100-3,500 meters, and (3) an Andean
population at 4,000 meters.

(4) Nutritional Adaptation to Environment
(a) Goals.—To coordinate studies of the effects of nutritional stresses on

selected population groups in the Arctic, Subarctic, Temperate and Tropical
areas, and to assess the development and performance of these groups within the
ecological systems in which they are components. The diets of polar populations
approach the limit of physiological tolerance to protein and fat. Tropical diets
appear very deficient in protein and high in starch and sugar. Temperate diets
appear more balanced and yet frequent deficiencies in vitamins and essential
trace elements, and excessive caloric intakes are observed.
(5) Eclogy of Migrant Peoples
"The typical Chicago rioter-1968 version—was a 23-year-old Negro migrant

from the South."—Chioago Daily News, April 27, 1968.

*Appendix C consists of paragraphs taken verbatim from the material submitted to NSP
USMC ; only typographical errors are corrected.
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In discussions and reports on the recent outbreaks of violence in America's

cities, not much attention has been paid to one of the very basic, underlying

causes of the problem—non-adjustment of ghetto residents, both physically and

socio-culturally, to a highly stressful urban environment.
Many Negroes now living in northern cities have migrated from rural areas

in the South. They experience many environmental changes which have great

bearing on their behavior in the northern ghettos—decreased physical activity;

increased living-space, congestion and noise stresses; confrontation with im-
personal routines and authority; exposure to deviant behavior; changes in mate
choice and fertility.
(a) Goials.—To measure adaptability responses to migration and urbaniza-

tion, the program in Ecology of Migrant Peoples will concentrate on populations
living under highly stressful conditions. Certainly one of the most significant
populations under stress in the United States today is that of the Negro. There-
fore, as the major focus of the program, Negro populations in both rural and
urban areas will be measured for adaptation trends. The rural population study
will be in Holmes County, Mississippi, the poorest county in the United States
with a mean annual income for Negro families of $900 per year. Chicago will
be the site of the urban studies since the majority of Holmes County migrants
live in the Maywood and West End sections of the city—centers of violent unrest
(luring 1968.

In the Mississippi portion of the study, a thorough biomedical and demograph-
ic assessment of the population will be made by specially trained residents of
Holmes County under scientific supervision. It is hoped that this survey will
identify needed medical treatments and will also serve as a means of training
residents for future jobs. Experimental questions will also be considered—how
much more developed are children who are enrolled in a Head Start program;
how much of an effect will more adequate education and prenatal care have
on reducing the very high fetal and neonatal death rates in the county?
The studies in Chicago will be used to determine what attributes predict

successful adaptation among young adults ages 15 through 35. The degree of
education, acquisition of employment, maintenance of family relations, develop-
ment of new relationships and social behavior will all be evaluated for their
effect on successful or non-successful adaptation. Studies will be made of street
gangs and of the incidences of narcotic addiction, prostitution, chronic alcohol-
ism and criminal convictions among the migrants, and how these rates compare
to the native city dwellers in the same area. Efforts will be made to illuminate
the part non-adjustment to an urban environment plays in Negro discontent.
In later stages of this program, adaptation of Negro populations migrating

from Evans County, Georgia, to New Rochelle, New York, and residents of four
races in the subarctic city of Fairbanks, Alaska will be investigated. Work is
also planned on Spanish-American and Indian populations. Coordination will
be maintained with similar programs under the IBP in Israel, Yugoslavia, Aus-
tralia and Canada.

This work will yield basic data on the phenomenon of migration. It will also
help develop an adequate biosocial characterization of the nation by providing
intensive research on "nonwhite", "poor" and "rural" populations. It will help
develop assessments of interactions of genetic and environmental components
in human adaptation and provide a better understanding of adaptation to an
urban and industrialized habitat. But most important of all, it will contribute
directly to the urgent search for social justice and tranquillity called for by
the President's Commissions on Rural Poverty and Civil Disorders.

(II) ENVIRONMENTAL COMPONENT

(A) General.—The broad goals of this second component of the US/IBP are
(1) to formulate a basis for better understanding of the interactions of all
components of selected and representative biological systems, (2) to extend this
understanding toward an increased biological productivity, (3) to provide bases
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for accurately predicting the consequences of environmental stresses, both
man-originated and natural, on the performance of biological systems, and (4)
to enhance our ability for better management of our natural resources. Within
this component are 6 integrated research programs (IRP) and additional IRP's
may develop. All are supplemented by researches that provide a wide array of
information. These integrated programs, their goals and target dates are:

(1) Ecosystems Analysis
(a) Goals.—(1) To understand how ecological systems operate with respect

to both short-term and long-term processes (systems disturbed to varying
degrees by man are included) ; (2) to analyze interrelationships between land
and water systems, so that broad regions may be considered as wholes; (3) to
estimate existing and potential plant and animal production in the major
climatic regions of this country, particularly in relation to human welfare, as
our contribution to the world-wide goals of the IBP ; (4) to add to the scientific
basis of resource management, so that optimization for multiple use and for long-
term use can be improved; and (5) to establish a scientific base for programs
to maintain or improve environmental quality.
In this program an intensive team effort will be made to study six kinds of

ecosystems—grasslands, tundra, desert, coniferous forest, deciduous forest, and
tropical forest. Each of these six intensive studies will involve many scientists
of varying disciplines and each study has its own management structure. In turn,
efforts in the six studies are coordinated through a program director and staff.
Also, there are some research projects and services at the ecosystem program
level. Strong modeling and synthesis projects are characteristic of this program.
In effect, the program on intensive analyses of ecosystems provides a struc-

ture or framework which references and utilizes information from all the in-
tegrated programs on plants and animals as described in subsequent paragraphs.

(2) Convergent and Divergent Evolution
(a) Goals.—(1) Understanding of the processes and results of both conver-

gent and divergent evolution in structure, behavior, and physiological adaptation
of various kinds of organisms of the New World and understanding of the
puzzling relationships between various South American and Australian groups,
(2) understanding of the composition, ecological niches, and functioning of
ecosystems that have evolved in similar environments of the Southern and
Northern Hemispheres, and (3) understanding the native and invading biotas
of the land areas of the Hawaiian Islands.

Selected biologists from several American countries and Australia have
planned a cooperative research program with six subprograms on specific groups:
(1) Amphibia, (2) Fish, (3) Mammals, (4) Reptiles, (5) Insects, and (6)
Plants. Each has investigators and institutions named to a limited extent that
will expand as the program proceeds. Two subprograms are directed to the
question of convergence in ecosystem structure or to convergence in physio-
logical adaptation: (1) Ecosystems, involving investigators representing UCLA
and Stanford in the U.S., University of Chile, Central University Venezuela, and
INTA (Argentina) ; (2) Physiological Adaptation, involving investigators of
Cornell University, University of California at Riverside, University of Rhode
Island, Fullerton State (California), and Universidad Nacional de Cuyo (Men-
doza, Argentina).
A third subprogram is directed toward an understanding of the evolutionary

and ecological phenomena of the Hawaiian Islands.

(3) Biogeography of the Sea

(a) Goals.—To develop the ecological and physiological knowledge required
to predict how environmental factors limit or enhance the abundance and pro-
ductivity of selected marine organisms of interest to man. Studies will be in
the U.S. and other IBP countries.
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Knowledge gained on the mechanisms of marine productivity is b
asic to: (1)

an identification of the environmental factors and stresses wh
ich limit the

distribution of organisms and help explain evolutionary diversity; (2
) a defini-

tion of optimal environmental and functional conditions useful for
 assessing

aquacultural potentialities for selected species; (3) an understanding 
of the

significance of selected marine organisms in trophic chains important 
to man's

welfare; and (4) a definition of the adaptive capacity of organisms for 
life in

modified or disturbed environments.
Program coordination will be accomplished by the co-directors and a full-time

research coordinator. An advisory committee of senior scientists will provid
e

scientific guidance and evaluation. The research will be conducted in terms of

"packages" of separate projects, all dealing with a particular organism or grou
p

of closely irelated organisms. Investigators representing different disciplines

will study various physiological parameters on a coordinated cooperative basis.

Training will be accomplished within individual projects by investigators en-

gaged in direct research participation.

(4) Phonology

(a) Goals.—(1) To conduct detailed studies on plant and animal species, both

aquatic and terrestrial at a number of sites within the United States in order

to prepare phenological maps; (2) to obtain clues to the physiologic limitations

that determine climatic limits of species and explain •the biological basis for

phenological timing; (3) test the hypothesis that such studies will aid in under-

standing evolutionary mechanisms: and (4) to contribute to understanding the

role of phenologic phenomena in the structure and productivity of ecosystems.

The program provides for overall coordination, and three subprograms on

mechanisms, phenology within communities, and phenologic maps. Broad studies

will be conducted with the aid of a large network of stations and observers.

They can be done at several levels of sophistication, providing participation

by all people with all levels of scientific training. Special sites will be selected

and intensive multidisciplinary studies made of measurements of environmental

parameters and population structure, breeding behavior, and physiology of or-

ganisms. A chief aim will be development of phenologic maps that would pre-

dict planting and harvesting dates for crops and outbreaks of plant and animal

diseases as well as other biological events.

(5) Aerobiology

(a) Goals.—(1) To organize, integrate, and extend present investigations of

airborne spores pollen, microbes, insects, and other small organisms, and bio-
logically significant non-living materials such as toxic gases; (2) to identify
critical problems not yet under investigation and initiate new projects to meet
those needs; (3) to cooperate with other nations in aerobiological studies and
relate those studies to global monitoring of environmental conditions, such as
the monitoring by WMO under the United Nations.
The program will comprise segments for research technology, phytopathology,

allergenic particles, transport of genetic material, hUman and animal disease
microbes, wind-carried insects and other small animals, and gases toxic to or-
ganisms. Much of the needed research is already underway, especially by Fed-
eral and State laboratories, and the Aerobiology Program will provide the
leadership and communications to build the projects into an integrated pro-
gram. The American Phytopathological Society, which has for many years
fostered international cooperation for study of plant diseases and ameliora-
tion of resulting losses, has placed its IBP steering committee within the
framework of this Program to assist in the prosecution of three related areas
within phytopathology : (1) mode and places of origin of organisms causing
plant diseases in major crops; (2) processes by which plant disease organisms
are dispersed; (3) assessment of world-wide plant disease losses.
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The atmospheric dispersal program will share efforts with several other IBP
programs, primarily Ecosystems Analysis and Phenology. Various Federal
agencies, three scientific societies, and numerous private and university
laboratories have requested opportunity to participate in and assist this program.
The program will increase the quantity and improve the quality of research

on atmospheric dispersal of biologically significant materials, while taking full
advantage of the new opportunities for working in the full context of world-wide
investigations.

(6) Physiology of Colonizing Species
(a) Goals.—(1) To understand the characteristics of species that are able to

expand their distribution; (2) to determine the role of habitat alteration in
promoting these species invasions; and (3) to determine the degree to which
invading species have diverged physiologically and biochemically under the
pressure of new selective forces in a variety of habitats. Comparative studies will
yield insight into the factors of population adaptation.
A range of species will be studied, varying from those possibly representing

local expansion of a specially adapted type to broad expansion of a type with
generalized adaptation. The habitats that will be evaluated include those from
a broad latitudinal and altitudinal diversity in the western hemisphere. From
these studiqs should come a fuller understanding of the interplay of the disturb-
ance of habitats and the physiological adaptation of invading species.
* The basic characteristics of invading plant species may include the following:
opportunistic ability to expand or contract a life cycle to fit growing seasons of
varying length; the production of chemical inhibitors; the ability to survive in
relatively pure stands; broad tolerance of temperature, light intensities, photo-
periods, etc.; less palatability; less dependence on a particular insect for
pollination; regulative propagation and/or other asexual reproduction; self-
fertility. The studies will determine if certain characteristics promote invasion
of a given habitat and/or at a given latitude.

(7) Conservation of Ecosystems for Scientific Purposes
(a) Goals.—(1) To provide registries of protected natural areas and areas

requiring protection on:
(a) Federal lands,
(b) Non-Federal public lands,
(c) Private lands;

(2) to provide for descriptions of these areas; (3) to provide guidelines useful
in managing and protecting the areas; (4) to provide registries of experimental
areas necessary and used for scientific purposes such as experimental forests,
watersheds, ranges, etc.:

(a) On Federal lands,
(b) On State lands,
(e) On privately owned lands, e.g., university areas;

(5) to cooperate with other countries of this hemisphere in providing for
scientific reserves, specifically, to prepare a list of needed reserves and to
stimulate establishment of these; (6) to catalog freshwater areas valuable for
scientific purposes; and (7) to catalog existing reserved marine areas and to
contribute to devising a suitable mechanism for selecting and protecting marine
areas.

APPENDIX D—ICC OPINIONS ON THE MANAGEMENT OF IBP

DOD (AF).—Overall authority should be given to NSF. If IBP is exposed to
haggling between agencies, it is dead. With its unique character, and if it is worth
doing, it should depend for its existence on complex interagency coordination.
Multiagency management problems should be avoided by giving to NSF the funds
and responsibility for IBP. ICC should be largely for coordination and advice.
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HEW.—Instead of ICC there should be an IBP Federal Council or Board

with executive, administrative, and management authority assigned to it. Eac
h

agency's representative should have complete access to the agency head to dis-

course on immediate problems. The Council would be the apex for monitoring,

supervising, and coordinating IBP support.
HUD.—"All of us realize the inherent shortcoming of the committee approach

to monitoring, supervising, and coordination."
Interior.—Panels should be formed within ICC for each major study supported

by more than one agency. Members would be "over and above" the regular ICC

representatives. Each panel member would be responsible for his agency's

involvement. The panel—not the agency—should dictate the terms of the award.

Authority to assign and reassign proposals must be administered by NSF. This

can be best accomplished if all funds are made available through NSF.
Smithsonian.—Discussion of a proposal within ICC provides an opportunity

to enlist agency suport. Once approved for funding by ICC and NSF, NSF should

be able to assign all or parts of a proposal to ICC agencies, but it should have

special IBP funds available to assist the agencies in complying. What actually

is supported needs to be the responsibility of NSF. Multiple agency support of a
project can be effectively organized and integrated only if funds from each sup-
porting agency are transferred to a pool in the lead agency. In all management-
administrative matters NSF should have final responsibility.
USDA (ARS).—Each IRP should have its own subcommittee operating under

ICC. Ultimate authority for management should reside in NSF which will fol-
low the advice of ICC. Interagency letters of understanding on policies would be
followed by each agency.
USDA (FS).—NSF and ICC jointly should be able to handle management

responsibilities through discussion and coordination. The designer of an IRP
proposal would direct parts to appropriate agencies and indicate priorities. ICC
would function as intermediary between program directors of IRPs and the
agencies.
NSF should maintain a contingency fund and provide support to fill serious

gaps in IRPs left by other agencies.
AEC, Commerce, DOD (Army and Navy), HEW (OE), 0E0, NASA, State,

and USDA (CSRS) did not respond.



A
P
P
E
N
D
I
X
 E
-
T
A
B
L
E
S

T
A
B
L
E
 1
. -
F
U
N
D
I
N
G
 R
E
Q
U
I
R
E
M
E
N
T
S
 F
O
R
 F
IS
CA
L 
Y
E
A
R
 1

97
0 
A
N
D
 P
RI
OR
IT
IE
S 
A
T
 V
A
R
I
O
U
S
 L
EV
EL
S 
O
F
 F
U
N
D
I
N
G

[I
n 
th

ou
sa

nd
s 
of

 d
ol

la
rs

]

In
te
gr
at
ed
 r

es
ea

rc
h 
pr
og
ra
ms

-
8
0
 p
er

ce
nt

-
4
0
 p
er

ce
nt

-
2
0
 p
er
ce
nt

Ba
se

li
ne

N
S
F

Fe
de
ra
l

To
ta
l

Ba
se

li
ne

+
4
0
 p
er

ce
nt

De
si
ra
bl
e

N
C

N
S
F

N
C

N
S
F

N
C

N
S
F

N
C

N
C

N
S
F

N
C

To
ta
l 

1,
60
0

3,
 0
80

4,
80

0
9,

25
0

6,
40
0

1
2
3
0
0

8,
00
0

18
, 0
22

15
, 4
00

1
1
2
0
0

21
, 5

60
28
, 7

00
H
u
m
a
n
 a
da
pt
ab
il
it
y 
co

mp
on

en
t:

Es
ki

mo
s 

10
10
0

10
14
5

20
14
5

50
22

5
14
5

12
0

16
0

17
7

Am
er
ic
an
 I
nd
ia
ns
 

0
0

0
50

20
10

0
50

22
5

15
0

12
0

15
0

17
6

Hi
gh
 a
lt
it
ud
es
 

10
15

16
0

35
0

26
0

40
0

30
0

50
0

40
0

40
0

50
0

60
0

Nu
tr
it
io
n 

0
15

0
50
0

40
75
0

40
2,
44
0

1,
00
0

40
1,
70
0

2,
44
0

Mi
gr
an
t 

pe
op
le
s 

10
1,
00
0

50
2,

00
0

10
0

2,
70

0
20

0
40
0

3.
50
0

30
0

3,
 5
00

3,
50
0

En
vi
ro
nm
en
ta
l 
ma
na
ge
me
nt
 c
om
po
ne
nt
:

Co
nv
er
ge
nt
/d
iv
er
ge
nt
 e
vo

lu
ti

on
 

3
0

25
0

37
5

50
0

50
0

60
0

70
0

70
0

70
0

70
0

90
0

1,
 0
50

Bi
og

eo
gr

ap
hy

 o
f 
th
e 
se
a 

10
10
0

50
20
0

20
0

30
0

30
0

50
0

40
0

30
0

70
0

1,
 1
07

Ae
ro

bi
ol

og
y 

10
50

25
25
0

6
0

40
0

16
0

66
0

40
0

16
0

70
0

1,
10
7

Ph
en
ol
og
y 

10
25

30
10
0

10
0

15
0

10
0

31
0

18
0

25
0

23
5

31
0

Co
ns
er
va
ti
on
 o
f 
ec

os
ys

te
ms

 
0

15
0

30
0

30
0

55
30

0
30

55
Co

lo
ni

zi
ng

 s
pe
ci
es
 

10
18
0

10
0

26
0

25
0

26
0

40
0

40
0

26
0

40
0

36
0

40
0

Ec
os
ys
te
ms
 a
na
ly
si
s 

Ce
nt

ra
l 

40
10

30
0

50
35
0

50
35
0

35
0

50
35
0

50
55

Gr
as

sl
an

ds
 

1,
 0
00

1,
20
0

1,
50
0

1,
30
0

1,
50
0

1,
30
0

1,
50
0

1,
50
0

1,
30
0

1,
50
0

1,
70
0

1,
43

9
De

ci
du

ou
s 
fo
re
st
 

40
0

15
50
0

1,
00
0

70
0

1,
50
0

90
0

1,
20
0

2,
00
0

1,
25
0

2,
00

0
2,

21
4

Co
ni
fe
ro
us
 f
or
es
t 

15
15

40
0

50
0

70
0

75
0

90
0

1,
20
0

1,
00
0

1,
25
0

1,
60
0

2,
21
4

De
se

rt
 

15
15

30
0

50
0

50
0

75
0

60
0

90
0

1,
00
0

1,
10
0

1,
60
0

2,
21
4

Tu
nd
ra
 

15
15

30
0

40
0

35
0

45
0

40
0

60
0

50
0

40
0

80
0

2,
21

4
Tr
op
ic
al
 

15
15

60
0

40
0

60
0

50
0

60
0

90
0

60
0

1,
50
0

1,
40
0

2,
21

4
Po
te
nt
ia
l 
IR
P'
s:

Bi
ol
og
ic
al
 c
on
tr
ol
 

0
0

50
30
0

10
0

55
0

20
0

3,
20
0

1,
 0
00

50
0

2,
00
0

3,
20

1
Ni

tr
og

en
 

0
15

50
20

0
50

25
0

10
0

60
0

27
0

35
0

45
0

62
0

Ma
ri
ne
 m
a
m
m
a
l
s
 

0
0

0
10
0

0
15

0
75

50
0

20
0

10
0

45
0

72
0

Cr
op
 s
tr
es
s 

0
15

0
10
0

0
20

0
75

64
0

30
0

10
0

56
0

64
2

Ge
ne

 p
oo

ls
 

0
15

0
15

0
15

0
17

15
10

15
17

No
te
: 

Ba
se
li
ne
, 
as
 d
et

er
mi

ne
d 

by
 t
he

 U
.S
 
Na
ti
on
al
 C
om
mi
tt
ee
 (
N
C
)
 is

 a
n 

ac
ce
pt
ab
le
 
le
ve
l 
of

fu
nd

in
g 
th
at
 r
ep

re
se

nt
s 
ap
pr
ox
im
at
el
y 

of
 a
 d
es

ir
ab

le
 l
ev

el
 o
f 
fu
nd
in
g.
 T
he

 N
C
 b
as

el
in

e 
do
es
 n
ot

ta
ke
 i
nt

o 
ac
co
un
t 
th
e 
fa

ct
 t
ha
t 
s
o
m
e
 I
RP
 p

ro
je
ct
s 
(e

.g
.,

 s
o
m
e
 i

n 
nu

tr
it

io
n,
 b

io
lo
gi
ca
l 
co

nt
ro

l,
 c
ro

p
st
re
ss
) 
wi
ll
 b
e 
fu

nd
ed

 r
eg

ar
dl

es
s 
of

 t
he
 e
xi

st
en

ce
 o
f 

I B
P.

 B
as

el
in

e,
 a
s 
de

te
rm

in
ed

 b
y 
NS
F,
 r
ep
re
se
nt
s

ac
tu
al
 n
ee

ds
 b
as
ed
 o
n 

es
ti

ma
te

s 
of

 s
ta

ge
 o
f 
pl

an
ni

ng
, 
av
ai
la
bl
e 
ma
np
ow
er
, 
an
d 

ju
st
if
ia
bl
e 
ra
te
s 
of

sp
en

di
ng

.

N
C
 f
ig
ur
es
 t
hr
ou
gh
ou
t 
co
ve
r 

bo
th

 
ne
w 
an
d 

ex
is
ti
ng
 a

ct
iv
it
ie
s.
 N
S
F
 f
ig
ur
es
 r

ep
re

se
nt

 o
nl
y 

ad
di
-

ti
on

al
 f
un
di
ng
 f
or
 I
BP
.

In
 m
os

t 
in
st
an
ce
s 
s
u
m
e
 o
f 
$1

5,
00

0 
or
 l
es
s 
ca

n 
be

 a
ss
um
ed
 t
o 
be
 o
nl
y 
fo
r 
ma
in
ta
in
 n
g 
re

ad
in

es
s 
to

st
ar

t 
in

 a
 l

at
er
 y
ea
r.
 S
u
m
s
 o
f 
le
ss
 t
ha
n 
$1
00
,0
00
 i
n 
mo

st
 i
ns
ta
nc
es
 c
an
 b
e 
as
su
me
d 

to
 b
e 

la
rg
el
y 
fo
r

pl
an
ni
ng
 p
ur
po
se
s.



T
A
B
L
E
 2
.-
F
U
N
D
I
N
G
 R
EQ
UI
RE
ME
NT
S,
 F
IS
CA
L 
YE

AR
S 

19
70

-7
3

[I
n 
th

ou
sa

nd
s 
of
 d
ol
la
rs
)

Fi
sc
al
 y
ea
r 
19
70

Fi
sc
al
 y
ea

r 
19
71

Fi
sc

al
 y
ea
r 
19
72

Fi
sc

al
ye

ar
 1
97

3
To
ta
l

In
te
gr
at
ed
 r
es
ea
rc
h 

Ot
he
r

pr
og
ra
ms
 

NS
F 

Fe
de

ra
l

To
ta
l

N
C

Ot
he
r

NS
F 

Fe
de

ra
l

To
ta
l

N
C

Ot
he
r

NS
F 

Fe
de

ra
l

To
ta

l
N
C

Ot
he
r

NS
F 

Fe
de

ra
l

To
ta
l

N
C

Ot
he

r
NS

F 
Fe

de
ra

l
To
ta
l

N
C

To
ta
l 

 8
, 0
00

10
, 0
22

18
, 0
22

28
, 7
00

11
,3

00
15
, 1

95
26
, 4
95

33
, 5
00

12
, 1

50
15
, 3
45

27
, 4
95

33
, 6
00

11
,2

00
16
,4
75

27
, 6
75

34
, 7
00

42
, 6
50

57
, 0
37

99
,6

87
13
0,
 50

0

Hu
ma

n 
ad
ap
ta
bi
li
ty

co
mp
on
en
t:

Ci
t

Es
ki
mo
s 

 
50

17
5

22
5

17
7

10
0

12
5

22
5

10
0

10
0

12
5

22
6

21
2

10
0

12
5

22
5

21
2

35
0

55
0

90
0

79
1

Ff
=n

In
di
an
s 

 
5
0

17
5

22
5

17
6

15
0

50
0

61
0

65
0

15
0

60
0

75
0

75
0

10
0

75
0

85
0

87
0

45
0

2
 0
25

2,
47
5

2,
44

6
Hi

gh
 a
lt
it
ud
es
 

 
30

0
20
0

50
0

60
0

10
0

50
0

60
0

60
0

10
0

50
0

60
0

60
0

10
0

50
0

60
0

60
0

60
0

1,
70
0

2,
30

0
2,
40
0

Nu
tr
it
io
n 

 
40

2,
40
0

2,
44

0
2,

44
0

50
4,

25
0

4,
30
0

4,
31

5
50

4,
 1
00

4,
 1
50

4,
 1
50

50
4,

35
0

4,
50

0
4,

50
0

19
0

15
, 2
00

15
, 3
90

15
, 4
05

Mi
gr

an
t 
pe

op
le

s 
 

20
0

20
0

40
0

3,
 5
00

40
0

40
0

80
0

3,
50

0
40

0
40

0
80

0
3,
50
0

40
0

40
0

80
0

3,
50

0
1,
40
0

1,
40
0

2,
80
0

14
, 0
00

En
vi
ro
nm
en
ta
l

ma
na
ge
me
nt

co
mp

on
en

t:
Co

nv
er

ge
nt

/d
iv

er
ge

nt
ev

ol
ut

io
n 

 
70
0

0
70
0

1,
05
5

70
0

0
70
0

1,
 16

1
70
0

0
70
0

1,
 1
05

70
0

0
70
0

1,
 1
33

2,
80
0

0
2,
80
0

4,
55
4

Bi
og
ra
ph
y 
of
 t
he

 s
ea
 
 

30
0

20
0

50
0

1,
10

7
30

0
20
0

50
0

1,
75

0
30

0
20

0
50

0
1,
78
9

30
0

20
0

50
0

1,
84

0
1,

20
0

80
0

2,
00
0

6,
48

6
Ae
ro
bi
ol
og
y 

 
16
0

50
0

66
0

1,
 1
07

10
0

70
0

80
0

1,
67
5

10
0

90
0

1,
00

0
2,

01
0

10
0

90
0

1,
00

0
2,

07
0

46
0

3,
00

0
3,
46
0

6,
86
2

Ph
on

ol
og

y 
 

10
0

21
0

31
0

31
0

10
0

25
0

35
0

35
0

10
0

35
0

45
0

45
0

10
0

40
0

50
0

50
0

40
0

1,
21
0

1,
61
0

1,
61
0

Co
ns
er
va
ti
on
 o
f

ec
os

ys
te

ms
 
 

0
55

55
55

0
20

20
20

0
20

20
20

0
0

0
0

0
9
5

9
5

95
Co
lo
ni
zi
ng
 sp

ec
ie
s_
 _ 

_ _
 

40
0

0
40
0

40
0

30
0

10
0

40
0

28
5

30
0

10
0

40
0

28
5

30
0

10
0

40
0

28
5

1,
30

0
30

0
1,

60
0

1,
25
5

Mi
co
sy
st
em
s 
an

al
ys

is
:

Co
nt
ro
l 

 
35

0
0

35
0

55
35

0
0

35
0

48
3

35
0

0
35

0
48
3

35
0

0
35

0
48
3

1,
40

0
0

1,
40

0
1,
50
4

Gr
as
sl
an
ds
 

 1
, 5
00

0
1,
 5
00

1,
43
9

2,
00

0
0

2,
00
0

2,
77
5

2,
00

0
0

2,
00

0
2,

00
0

1,
 5
00

0
1,
50
0

2,
00

0
7,
00
0

0
7,
00
0

8,
21
4

De
ci
du
ou
s 
fo

re
st

_ 
 
 

90
0

30
0

1,
20

0
2,
21
4

1,
50
0

50
0

2,
00
0

2,
 0
00

1,
50
0

50
0

2,
00

0
2,
00
0

1,
50

0
50
0

2,
00
0

2,
00
0

5,
40
0

1,
80

0
7,
20
0

8,
21
4

Co
ni
fe
ro
us
 fo

re
st

_.
..

 
90
0

30
0

1,
20

0
2,
21
4

1,
50
0

50
0

2,
00
0

2,
00

0
1,
50
0

50
0

2,
00

0
2,
00
0

1,
50

0
50
0

2,
00

0
2,
00
0

5,
40
0

1,
80

0
7,

20
0

8,
21

4
De

se
rt

 
 

60
0

30
0

90
0

2,
21
4

1,
00

0
1,

00
0

2,
00

0
2,

00
0

1,
25

0
75

0
2,

00
0

2,
00
0

1,
25
0

75
0

2,
00
0

2,
00
0

4,
 1
00

2,
00
0

6,
90
0

8,
21
4

Tu
nd
ra
 

 
40

0
20
0

60
0

2,
21
4

80
0

80
0

1,
60
0

2,
00

0
1,
00
0

1,
00
0

2,
00

0
2,
00
0

1,
00
0

1,
00

0
2,
00
0

2,
00
0

3,
20

0
3,
00
0

6,
20
0

8,
21
4

Tr
op
ic
al
 

 
60

0
30

0
90
0

2,
21
4

1,
30

0
70

0
2,

00
0

2,
00

0
1,
60
0

40
0

2,
00

0
2,

00
0

1,
40
0

60
0

2,
00
0

2,
 0
00

4,
90
0

2,
 0
00

6,
90
0

8,
21
4



0
 

a

Po
te

nt
ia

l 
I R
P'
s:

Bi
ol

og
ic

al
 c
on
tr
ol
 

20
0

3,
00

0
3,

20
0

3,
21

0
20

0
3,

00
0

3,
20

0
3,

22
2

20
0

3,
30

0
3,
 50

0
3,
 54

4
10
0

3,
70
0

3,
80
0

3,
89

8
70

0
13

,0
00

13
,7

00
13

,8
74

Ni
tr

og
en

 
10

0
50

0
60

0
62

0
20
0

50
0

70
0

73
4

20
0

55
0

75
0

75
2

10
0

55
0

65
0

65
9

60
0

2,
 1
00

2,
 70

0
2,

 76
5

Ma
ri

ne
 m
am

ma
ls

 
75

42
5

50
0

72
0

75
62

5
70

0
1,

 1
90

15
0

55
0

70
0

1,
25
0

15
0

55
0

70
0

1,
55
0

45
0

2,
15
0

2,
60
0

4,
71
0

Cr
op
 s
tr

es
s 

75
56

5
64

0
64
2

75
52

5
60

0
60

0
10

0
50

0
60

0
60

0
10

0
50
0

60
0

60
0

35
0

2,
09
0

2,
44
0

2,
44

2
Ge
ne
 p

oo
ls

 
0

17
17

17
0

0
0

0
0

0
0

0
0

- 
0

0
0

0
17

17
17

EX
PL

AN
AT

IO
N

N
C
 f
ig
ur
es
 t
hr
ou
gh
ou
t 
in
cl
ud
e 
bo

th
 e
xi

st
in

g 
an

d 
ne
w 
pr

og
ra

ms
. 
NS
F 
fi

gu
re

s 
re
pr
es
en
t 
ad

di
ti

on
al

I B
P
 f
un
di
ng
 o
nl

y.
N
C
 f
ig
ur
es
 a
re

 b
as

ed
 o
n 
de
si
ra
bl
e 
fu
nd
in
g,
 le

ve
ls
; 
i.

e.
, a
bo
ut
 t
wi
ce
 f
is

ca
l 
ye

ar
 1
97
0 
ba

se
li

ne
. 
N
S
F

fi
gu
re
s 
ar

e 
ba

se
d 
on

 a
ct
ua
l 
ne
ed
s;
 i.

e.
, t
he
 b
as
el
in
e 
le
ve
l 
of

 a
ct

iv
it

y.
Es
ki
mo
s:
 N
IH
 s
ho
ul
d 
fu

nd
 a
 m
aj

or
 p
or

ti
on

.
Am
er
ic
an
 I
nd
ia
ns
: 
A
E
C
 i
s 
fu
nd
in
g 

pa
rt

 o
f 
So

ut
h 
Am

er
ic

an
 p

or
ti
on
. 
No
rt
h 
Am

er
ic

an
 p

or
ti
on
 w

il
l

ra
is

e 
bu
dg
et
 su

bs
ta

nt
ia

ll
y 
af
te
r 
19

70
.

Hi
gh

 a
lt

it
ud

es
: 
Re

le
va

nc
e 
to

 N
IH
 s
ee

ms
 c
le

ar
. 
As
su
me
d 
th
at
 N
IH
 w

il
l 
pr

ov
id

e 
ma
jo
r 
su
pp
or
t,
 a
t

le
as
t a

ft
er
 1
97
0.
 Cl

os
el

y 
co
or
di
na
te
d 
wi
th
 W
H
O
.

Nu
tr
it
io
n:
 N
C
 s
ta

te
s 
mo
st
ly
 f
un
de
d 
th

ro
ug

h 
19
70
 a
nd
 p

ar
ti
al
ly
 f
or

 r
em
ai
ni
ng
 y
ea

rs
. S

up
po

rt
 is

 s
up
-

po
se
d 
to

 b
e 
a 
mi

x 
fr
om
 U
SD

A,
 H
E
W
,
 A
ID

, 
D
O
D
,
 a
nd

 s
ev
er
al
 u
ni
ve
rs
it
ie
s 
an
d 

pr
iv
at
e 
fo
un
da
ti
on
s.

Mi
gr

an
t 
pe

op
le

s:
 $
3,

50
0,

00
0 i

s u
nr
ea
li
st
ic
 fo

r f
is

ca
l y

ea
r 
19
70
 co

ns
id
er
in
g t

he
 p
la
nn
iu
g 
no
w 
ev

id
en

t.
Co
nv
er
ge
nt
/d
iv
er
ge
nt
 ev

ol
ut

io
n:

 A
ll
 s
up
po
rt
 e
xp
ec
te
d 
fr
om
 N
SF

.
Bi

og
eo

gr
ap

hy
 o
f 
th

e 
se

a:
 P
ro

gr
am

 n
ee
ds
 f
ur
th
er
 d
ev
el
op
me
nt
. $

1,
01

7,
00

0 
is

 u
nr
ea
li
st
ic
 f
or

 f
is

ca
l

ye
ar

 1
97

0.
 M
os

t 
su

pp
or

t 
ex
pe
ct
ed
 f
ro
m 
NS

F,
 b
ut
 s
ub
st
an
ti
al
 i
n-
ho
us
e 
in
vo
lv
em
en
t 
by

 I
nt
er
io
r 

is
pr
ob
ab
le
.

Ae
ro

bi
ol

og
y:

 $
1,

10
7,

00
0 
ma
y 
be
 r

ea
li
st
ic
 f
or

 f
is

ca
l 
ye
ar
 1
97
0,
 b
ut

 p
re

su
ma

bl
y 
re

pr
es

en
ts

 s
ev

er
al

ex
is
ti
ng
 p
ro

gr
am

s.
 A
dd
it
io
na
l 
su
pp
or
t 
ap
pr
op
ri
at
e 
fr
om
 U
S
D
A
 a
nd

 H
E
W
.

Ph
en

ol
og

y:
 A
bo

ut
 4
 is

 U
S
D
A
 i
n-
ho
us
e 
ac
ti
vi
ty
.

Co
ns
er
va
ti
on
 o
f 
ec

os
ys

te
ms

: 
Ap
pa
re
nt
ly
 f
ul

ly
 f
un

de
d 
fo

r 
fi

sc
al

 y
ea

r 
19
70
; 
no

 j
us
ti
fi
ca
ti
on
 f
or

 a
dd

i-
ti

on
al

 f
un
ds
 k
no
wn
 t
o 
NS
F.

Co
lo
ni
zi
ng
 s
pe

ci
es

: 
Pr
og
ra
m 
de
ve
lo
pi
ng
 r
ap
id
ly
. 
Mo
st
 s
up
po
rt
 e
xp
ec
te
d 
fr
om
 N
SF

.
Ec

os
ys

te
ms

 a
na

ly
si

s:
Ce

nt
ra

l:
 $
35

0,
00

0 
re

qu
ir

ed
 t

o 
me

et
 m
in

im
al

 n
ee

ds
 f
or

 c
oo
rd
in
at
io
n,
 s
er

vi
ce

s,
 a
nd

 a
na
ly
si
s.

Gr
as

sl
an

ds
: 
$1
,5
00
,0
00
 i
s 
re
al
is
ti
c f

or
 f
is

ca
l 
ye

ar
 1
97

0.
 A
 U
S
D
A
 c
on
tr
ib
ut
io
n 

wi
ll
 b
e 
in

-h
ou

se
an

d 
co
nc
ea
le
d;
 t
he

 r
es

t 
wi
ll
 c
om

e 
fr
om
 N
SF
.

De
ci

du
ou

s:
 M
od
er
at
e 
co

nt
ri

bu
ti

on
s 
fr
om
 r

eg
ul
ar
 f
un
ds
 o
f 
U
S
D
A
 a
nd

 A
EC

.
Co
ni
fe
ro
us
: 
S
a
m
e
 a
s 
de
ci
du
ou
s.

De
se
rt
: 
Ab

ou
t 
$3

00
,0

00
 i
n 
fi

sc
al

 y
ea

r 
19

70
 is

 f
ro
m 

re
gu
la
r 
fu
nd
s 
of
 A
EC

.
Tu
nd
ra
: 
Pr
og
ra
m 

no
t 
fu

ll
y 
de
ve
lo
pe
d;
 $
60

0,
00

0 
on
ly
 i
s 
re
al
is
ti
c f

or
 f
is

ca
l 
ye
ar
 1
97
0.

Tr
op
ic
al
: 
$6

00
,0

00
 i
s c

on
si

de
re

d 
mi

ni
ma

l 
fo

r 
fi

sc
al

 y
ea
r 
19

70
.

Bi
ol

og
ic

al
 co

nt
ro

l:
 $
3,

21
0,

00
0 
ma
y 
be
 re

al
is

ti
c;

 U
S
D
A
 c
la

im
s $

3,
00

0,
00

0 a
s 
on
go
in
g 
re
gu
la
r 
pr

og
ra

m.
Ni
tr
og
en
: 
$6
20
,0
00
 m
ay
 b
e 

re
al

is
ti

c;
 a
bo

ut
 $
50
0,
00
0 
re
pr
es
en
ts
 r
eg
ul
ar
 p
ro

gr
am

 o
f 
US
DA
.

Ma
ri
ne
 m
am

ma
ls

: 
Pr
og
ra
m 

st
il

l 
un

de
r 
de

ve
lo

pm
en

t.
 B
as

is
 fo

r 
ne
ed
s 
no

t 
ye
t f

ul
ly
 a
va

il
ab

le
 t
o 
NS

F.
Cr

op
 s
tr
es
s:
 S
tr
on
g 
U
S
D
A
 r
el
ev
an
ce
. 
Ne

ed
 f
or

 f
un
ds
 f
ro
m 

ot
he

r 
ag
en
ci
es
 n
ot

 a
de
qu
at
el
y 
kn
ow
n.

Ge
ne
 p
oo
ls
: 
Ap
pa
re
nt
ly
 f
ul
ly
 f
un
de
d 
by

 U
SD

A.



T
A
B
L
E
 3
.
—
E
X
P
R
E
S
S
E
D
 A
G
E
N
C
Y
 I
NT
ER
ES
TS
 I
N 
I
N
T
E
G
R
A
T
E
D
 R
E
S
E
A
R
C
H
 P
R
O
G
R
A
M
S

A
E
C

U
S
D
A

Co
rn
-

me
rc
e

D
O
D

H
E
W

US
DI

N
A
S
A
 

0
E
0

Sm
it

h-
so
ni
an

St
at

e
NS

F

H
u
m
a
n
 a
da
pt
ab
il
it
y 
co

mp
on

en
t:

Es
ki
mo
s 

Am
er
ic
an
 I
nd
ia
ns
 

?
 *

±
 

7 
 

(
7)

(
7
)
 

7
 

+

:
Hi
gh
 a
lt

it
ud

es
 

7
(
7)

Nu
tr
it
io
n 

7
 

(
7)

(
7)

(
7
)

Mi
gr
an
t 
po
pu
la
ti
on
s 

7
1

;.f
..

En
vi
ro
nm
en
ta
l 
ma
na
ge
me
nt
 c
om
po
ne
nt
:

Co
nv
er
ge
nt
/d
iv
er
ge
nt
 e
vo
lu
ti
on
 

7
7

?
**

Bi
og

eo
gr

ap
hy

 o
f 
th
e 
se
a 

7
7

(
7)

7
*

Ae
ro

bi
ol

og
y 

7
?
 

7
(
7)

7
*

Ph
en

ol
og

y 
1

+
1
 

(
7
)

*
Co

ns
er

va
ti

on
 o
f 
ec
os
ys
te
ms
 

7
1

—
Co
lo
ni
zi
ng
 s
pe
ci
es
 

7
?

7
Ec

os
ys

te
ms

 a
na

ly
si

s 
Ce

nt
ra

l 
7

7
1

(
7)

7
7

0-
1

c.
7

Gr
as
sl
an
ds
 

(7
)

**

De
ci

du
ou

s 
fo

re
st

 
(1
)

(7
)

**

Co
ni
fe
ro
us
 f
or
es
t 

De
se

rt
 

(
7)

(7
)

(
7
)

.
*4

Tu
nd
ra
 

*

Tr
op
ic
al
 

(7
)

.

Po
te
nt
ia
l 
IR
P'
s:

Bi
ol

og
ic

al
 c
on
tr
ol
 

7
(
7
)

*

Ni
tr

og
en

 
7

*

Ma
ri
ne
 m
a
m
m
a
l
s
 

(
7)

+
Cr
op
 s
tr
es
s 

7
+

Ge
ne

 p
oo

ls
 

7
—

Ex
pl

an
at

io
n:

 *
* 

si
gn

if
ie

s 
ma

jo
r 
in

te
re

st
; 
*
 s
ig

ni
fi

es
 m
od
er
at
e 

in
te

re
st

; +
 s
ig

ni
fi

es
 m
in
or
 i
nt
er
es
t;

se
e 
te

xt
 f
or
 f
ur
th
er
 d
et
ai
ls
. 
—
 s
ig

ni
fi

es
 m
or
al
 s
up
po
rt
, 
se

e 
te
xt
 f
or
 f
ur
th
er
 d
et

ai
ls

; 
7 
si
gn
if
ie
s 
in

te
re

st
ex
pr
es
se
d,
 b
ut
 l
ev
el
 o
f 
in

te
re

st
 u
nk

no
wn

; (
7
)
 si

gn
if

ie
s 
no

 e
xp

re
ss

ed
 i

nt
er
es
t,

 b
ut
 r
el

ev
an

ce
 s
ee
ms

cl
ea
r.
 I

nt
er
es
ts
 a
re

 n
ot
 k
no

wn
 f
or
 S
ta
te
 (
AI
D)
. 
Ne

ga
ti

ve
 i
nt

er
es

t 
is
 e
Np

re
ss

ed
 b
y 
D
O
D
 (
A
.-
my

),
 i
;E
W

OE
),
 H
U
D
,
 St

at
e (

Sc
ie

nc
e 
an
d 
Te

ch
ni

ca
l 
iV
fa
ir
s)



69-9Lg--6Z 
T
A
B
L
E
 4
.
—
P
L
A
N
N
E
D
 T
I
M
I
N
G
 F
OR

 M
A
J
O
R
 S
T
U
D
I
E
S

[K
ey
: 
a—
pr
op
os
al
 p
re

pa
ra
ti
on
 b
eg

in
s;

 b
—p

ro
po

sa
l 
pr

ep
ar

at
io

n 
co

mp
le

te
d;

 c
—s
ub
mi
ss
io
n 

to
 n
at
io
na
l 
co

mm
is

si
on

; 
d—
su
bm
is
si
on
 t
o 
Fe
de
ra
l 
ag
en
cy
; 
e
—
w
o
r
k
 o
n 
st
ud
y 
be

gi
ns
; 
f
—
w
o
r
k
 c
om
pl
et
ed
]

In
te

gr
at

ed
 r
es
ea
rc
h 
pr
og
ra
ms
 a
nd
 s
ub
pr
og
ra
ms

Fi
sc
al
 y
ea
r 
19
68

Fi
sc
al
 y
ea

r 
19
69
 

Fi
sc
al
 y
ea

r 
19

70
 

Fi
sc
al
 y
ea
r 
19
71
 

Fi
sc
al
 y
ea

r 
19
72
 

Fi
sc
al
 y
ea
r 
19

73

2
 

3
 

4
 

1 
2
 

3
 

4
 

1 
2
 

3
 

4
 

1 
2
 
3
 
4
 

1 
2
 
3
 
4
 

1 
2
 
3
 
4

H
u
m
a
n
 a
da
pt
ab
il
it
y 
co

mp
on
en
t:

Es
ki

mo
s 

 
a 

b 
d 

e 
 

 f
Am
er
ic
an
 I
nd

ia
n 

 
d,

 e
 

c
 
 

 (
9
 

(
9
 

(1
) 

(
9
 

(
9
 (

1 )
 (
9
 (

1 )
 (
9
  

 f
Hi
gh
 a
lt

it
ud

es
—C

en
tr

al
 

 c
, 
d,
 e
 
 

 f
Co

lo
ra

do
 

 a
 

b 
c,

 d
 

e 
 

 f
An
de
s-
-H
ua
nc
ay
o 

 a
 

b 
c,
 d
 
 

 e
 
 

 f
A
n
d
e
s
—
N
u
n
o
a
 

 
a 

b 
c,
 d
 
 

 e
 
 

 f
Nu
tr
it
io
n 

 
a 

b,
 c
, 
d 

e
 
 

 f
Mi

gr
an

t 
po
pu
la
ti
on
s—
Ce
nt
ra
l 

 
a 

b,
 c
 

d,
 e
 
 

 f
Mi

ss
is

si
pp

i—
Il

li
no

is
 

 
a,
 b
, 
c 

d 
e
 
 

 f
Ge

or
gi

a—
Ne

w 
Yo
rk
, 

Un
it
ed
 
St
at
es
—A
la
sk
a,

Ca
li

fo
rn

ia
, 
Ch
ic
ag
o,
 N
e
w
 Y
o
r
k
—
N
e
w
 J
er

se
y)

 
 
a 
 

 
b,
 c
 

d,
 e
 
 

 f
En

vi
ro

nm
en

ta
l 
ma
na
ge
me
nt
 c
om
po
ne
nt
:

Co
nv
er
ge
nt
/d
iv
er
ge
nt
 e
vo

lu
ti

on
:

Ce
nt
ra
l 

 c
 
 

 
d 

e 
 

 f
So

ut
h 
Am
er
ic
a 

 c
 
 

 
d 

e 
 

 
f

Ha
wa
ii
an
 t
er

re
st
ri

al
 

 
b,

 c
, 
d 
 

 e
 
 

 f
Bi
og
eo
gr
ap
hy
 o
f 
th
e 
se

a:
Ce
nt
ra
l—
Fu
ng
i 

 a
, 
b,

 c
 
 

 
d 

e 
 

 
f

Cr
us
ta
ce
a—
Ba
ct
er
ia
 

 a
, 
b 

c,
 d
 
 

 e
 
 

 
f

Ot
he
r—
Tr
ai
ni
ng
 

 
 
a 

b,
 c
 

d 
e 
 

 f
Ae

ro
bi

ol
og

y—
Ce

nt
ra

l 
 

 
a 
 

 
b 

c,
 d
 

e 
 

 
f

Al
l 
su
bp
ro
gr
am
s 

 
a 
 

 
b,

 c
 

d,
 e
 
 

 f
Ph
en
ol
og
y—
Al
l 

pa
rt

s 
 
a 
 

 
I,
 c
, 
d,
 e
 
 

 f
Co

ns
er

va
ti

on
 o
f 
ec
os
ys
te
ms
:

Re
gi
st
ri
es
 o
f 
na
tu
ra
l 
ar
ea
s 

 
a 

b,
 c
, 
d 

e
 
 

 f
De

sc
ri

pt
io

n 
of
 n
at
ur
al
 a
re
as
 

 
e 
 

 f
Gu
id
el
in
es
 f
or
 m
an
ag
em
en
t 

 
a 

b 
(2

) 
(2

) 
(2

) 
 

Re
gi
st
ri
es
 o
f 
ex
pe
ri
me
nt
al
 a
re

as
 

 
a 

b,
 c

In
te
rn
at
io
na
l 
co
or
di
na
ti
on
 o
n 

re
se

rv
es

 
 a

 
b 
 

 (
s)
 (
9
 (
9
 (

s)
 (
s)

 (
9
 (
9
 (

s)
 (
s)
 (
9
 (

3)
  

 f
Ca
ta
lo
g 
fr
es
hw
at
er
 a
re

as
 

 e
 

f
Ca
ta
lo
g 
ma
ri
ne
 a
re
as
 

 f
Co

lo
ni

zi
ng

 s
pe

ci
es

—A
ll

 p
ar

ts
 

 
a 
 

 
b,

 c
, 
d 
 

 
e

Ec
os

ys
te

m 
an
al
ys
is
—C
en
tr
al
 

 
a 

b,
 c
 

d 
e 
 

 f
Gr

as
sl

an
ds

 
 

 a
 

b,
 c
 

d 
e 
 

 f
De

ci
du

ou
s 
fo

re
st

 
 
a 

b 
c,
 d
 

e 
 

 f
Co

ni
fe

ro
us

 f
or

es
t—

De
se

rt
 

 
a 

b 
c,

 d
 

e 
 

 f
Tu
nd
ra
—T
ro
pi
ca
l 
fo
re
st
s 

 
a 
 

 
b 

c,
 d
 
e
f

d

'S
ei
ne
 w
or
k 
un

de
rw

ay
 b
ef
or
e 

I R
P 
de

ve
lo

pe
d.

2 
Pl

an
 o
nl
y.

s 
Pr
es
um
ab
ly
 F
ed
er
al
 f
un
ds
 n
ot

 n
ee
de
d.





APPENDIX E

PROGRESS REPORT ANALYSIS OF ECOSYSTEMS, SUBMITTED BY EXECUTIVE
BOARD ANALYSIS OF ECOSYSTEMS, MARCH 1969

A summary of progress in the development of the Analysis of Ecosystems Pro-
gram, a part of the US contribution to the International Biological Program.
It begins with the objectives of the IBP, and traces this particular program froni
its inception in October 1966 through the end of 1968. Major support for program
development has been provided through two grants from the National Science
Foundation. This document serves as a progress report for NSF GB 7840 and a
final reporttor NSF GB 6215.

INTRODUCTION

Concern with problems of the environment is growing throughout the world.
This increase has been dramatic in the U.S. The following list of national and
international activities within the last year summarize the scope and intensity
of action:

GOVERNMENT REPORTS

The International Biological Program, Its Meaning and Needs.—Suboommittee
on Science, Research, and Development of the Committee on Science and Astro-
nautics, House of Representatives. 124 pp. 1968. Based on Hearings on the IBP.
449 pp. 1967.
Managing the Environment.—Same Subcommittee. 59 pp. 1968. Based on Hear-

ings on Environmental Quality. 555 pp. 1968.
A National Policy for the Environment—A Special Report to the Committee

on Interior and Insular Affairs, Senate. 35 pp. 1968.
From Sea to Shining Sea, a Report on the American Environment—Our Na-

tural Heritage.—President's Council and Citizen's Advisory Board on Recrea-
tion and Natural Beauty. 300 pp. 1968.

LEGISLATIVE PROPOSALS IN 1968

HR 6698. To establish a Technology Assessment Board.
HR 7796. To create a 3-member Council on Environmental Quality.
HR 13211, 14605, 14627. To create a 9-member Council of Ecological Advisors.
S. Res. 68. To establish a Select Committee on Technology and the Human

Environment.
S. 3031. To establish a Council on Environmental Quality.

INTERGOVERNMENTAL ACTIVITIES

In September UNESCO sponsored an Intergovernmental Conference of Ex-
perts on the Scientific Basis for Rational Use and Conservation of the Resources
of the Biosphere, a 10-day working session with 63 member states participating.
Their final report, 71 pp., was issued in January 1969.
A report, Conservation and Rational Use of the Environment ( the "Dasmann

Report"), was submitted in March 1968 to the 44th session of the UN Economic
and Social Council. At that same time a Swedish proposal to the UN entitled
"Question of Convening an International Conference on Problems of the Human
Environment" was referred to ECOSOC for consideration.
At its 45th session ECOSOC approved and sent to the UN a resolution calling

for an International Conference on the Problems of the Human Environment, to
be held in 1972.
In December 1968, at the 23rd session of the UN General Assembly, the above

resolution ( #2398) was unanimously approved, and planning for the 1972 Con-
ference was begun.

(159)
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The Economic Commission for Europe (in which the US participates) at its
23rd session in April 1968, scheduled a Meeting of Governmental Experts on
Problems Relating to Environment, to be held April 26—May 8, 1971.
Other Activities:
A group of about 90 US Congressmen and Senators formed in 1968 an Ad Hoe

Committee on the Environment. They are aided by an Advisory Board of 98
distinguished citizens.
The Conservation Foundation and the Center for the Biology of Natural Sys-

tems sponsored a Conference on the Ecological Aspects of International Develop-
ment. 53 papers in a 3-day session. December 1968. To be published.
Stewart L. Udall and 25 associates announced the formation of The Overview

Group, an international consulting firm to create a better environment for man.
January 1969.
In all of these activities the need for expanded research on ecosystems is recog-

nized. The U.S. House of Representatives report, Managing the Environment,
recommends that "Baseline ecological information should be obtained by adequate
funding and organization of the International Biological Program and the en-
vironmental sciences and biology programs of the National Science Foundation".
The same report finds that "The second requirement is accurate mathematical
models of the interrelations in the biosphere". Similarly, the final report of the
UNESCO Biosphere Conference recommends the planning of "a world programme
of ecological, ecophysiological, and bioclimatological research on a range of eco-
systems, both natural and semi-natural, artificial or cultural, on land and in
water, selected from both temperate and tropical zones, in wet or arid countries".
It also finds that "Research into the working of ecosystems calls for the training
of teams of physicists, physiologists, experimental biologists, taxonomists, soil
scientists, micro-biologists and micro-meteorologists and for the development of
methods and models specially adapted to such research", and recommends "the
involvement of mathematicians, systems-analysts, and other appropriate special-
ists in studies of ecosystems".
Recent progress in ecology relevant to human environmental problems includes

the development of two approaches that will greatly improve the analytic and
predictive power of research. Both the progress and the need for further develop-
ment are demonstrated by two new texts. One is by K. E. F. Watt, Ecology and
Resource Management (1968), an introduction to the use of systems techniques
in basic and applied ecology. The other includes 37 papers edited by P. Shepard
and D. McKinley, The Subversive Science, Essays Toward an Ecology of Man
(1969). These emphasize two promising approaches: the use of systems tech-
niques in the solving of complex problems, and the involvement of many disci-
plines in the solution of such problems. They also emphasize remaining needs. In
the first text, applications of systems techniques are limited to sub-systems such
as those oriented around single populations, because adequate data on whole
ecosystems do not exist. The second book presents collected efforts, not collective
efforts, because team research on ecosystems is still in the early stages of
development.
The Analysis of Ecosystems, a part of the U.S. contribution to the IIIP, is

addressed to these needs. Its success depends upon the support of large numbers
of scientists in many disciplines. So far, this support is not lacking. Agreement on
the value of this approach makes possible the progress that is reported on the
following pages.
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OBJECTIVES

1.00 The objectives of the Analysis of Ecosystems Program and its sub-programs have been developed within the framework of the overall objectives ofthe International Biological Program and those of the US contribution to the IBP.The theme of the IBP, "The Biological Basis of Productivity and Human Wel-fare", has been paraphrased in the US Program to "Man's Survival in a ChangingWorld". The Analysis of Ecosystems Program has been designed to produce basicecological knowledge of a scale and kind useful to problems of human welfare.1.10 Overall objectives of the IBP (from IBP News No. 9, June 1967).
.11 The worldwide study of organic production on the land, in fresh

waters, and in the seas, and the potentialities and uses of new as well as ofexisting natural resources.
.12 The worldwide study of human adaptability to changing conditions.1.20 Broad objectives of the US contributions to the IBP (from report by USExec. Comm. to Interagency Coord. Comm., July 1968).
.21 To advance the knowledge of the genetic adaptations of man.
.22 To advance the knowledge of the physiological and behavioral adapta-

tions of man.
.23 To formulate a basis for better understanding of the interactions of all

components of selected and representative biological systems.
.24 To extend this understanding toward an increased biological

productivity.
.25 To provide bases for accurately predicting the consequences of en-

vironmental stresses both man-originated and natural.
.26 To enhance our ability for better management of our natural resources.1.30 Objectives of the US Analysis of Ecosystems Program.
.31 To understand how ecological systems operate with respect to both

short-term and long-term processes (systems disturbed to varying degrees byman are included).
.32 To analyze interrelationships between land and water systems, so thatbroad regions may be considered as wholes.
.33 To estimate existing and potential plant and animal production in themajor climatic regions of this country, particularly in relation to human wel-

fare, as our contribution to the worldwide goals of the IBP.
.34 To add to the scientific basis of resource management, so that optimiza-

tion for multiple use and for long-term use can be improved.
.35 To establish a scientific base for programs to maintain or improve en-

vironmental quality.
1.40 Additional objectives of sub-programs.

.41 Principles of Ecosystems.
a. To derive broad principles of ecosystem structure and function

through an integration of the results of six Biome Studies.
b. To relate these principles to characteristics of ecosystems such as

persistence, stability, maturity, and diversity.
c. To develop and refine a generalized adaptable simulation model suit-

able for use in planning studies for new development projects.
.42 Each of Six Biome Studies.

a. To elucidate productivity, nutrient cycling, energy flow and other
characteristics of ecosystems in a set of distinct environments.

b. To determine the driving forces, the processes causing transfers of
matter and energy among components, the non-concentration character-
istics, and the controlling variables in each Biome.

c. To determine the ecosystem response to the natural and man-
induced stresses appropriate to each Biome; for example: large her-
bivores in grassland, extreme and rare weather patterns in desert,
periodic flucuations of rodent populations in tundra, commercial use
of timber in the coniferous forests, urbanization in the deciduous forest,
and nutrient retention in the wet tropical forest.
d. To understand the land-water interactions characteristic of each

Biome: prairie ponds and reservoirs in the grasslands, the abundance of
shallow waters in wet tundra, springs and temporary waters in deserts,
river systems with anadromous fish populations in coniferous forest, pol-
lution and eutrophication in the deciduous forest, and large river systems
in wet tropical forest.

e. To synthesize the results of these and previous studies into predic-
tive models of temporal and spatial variation, effects of pollutants and of
exploitation, stability, and other ecosystem characteristics necessary for
resource management in each Biome.
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GUIDELINES

2.00 A number of policies, restrictions, and procedures have been adopted at

the international, national, and program levels. Taken together they shape the

general features of this program.
2.10 International Program (From IBP News No. 9).

.11 Overall IBP. The program does not range through the entire field of

biology, but is limited to the basic biological studies, related to productivity

and human welfare, which will benefit from international collaboration, and
are urgent because of the rapid rate of changes taking place in all environ-

ments throughout the world.
Several common principles apply to all sections:

a. The program sets out to obtain internationally comparable observa-
tions of the basic biological parameters.

b. There is an urgent need to bring all parts of the program into oper-
ation; many situations will soon no longer be available for scientific
investigation.

c. There is a widespread need for elaboration and intercalibration of,
and for agreement on, suitable methods.

d. The function of the organizers is to co-ordinate rather than direct.
e. An early need of the program is the training of research workers.
f. To avoid unnecessary duplication of work, collaboration has been

arranged between the IBP and other national and international orga-
nizations.

g. The planning phase will end 1 July 1967, to be followed by five years
of operation.

h. The IBP will have a stimulating effect on biological research in
the fields under consideration.

i. Special facilities for the storage and retrieval of data will be created
as required.

j. Results will be published through existing international and na-
tional channels. Special publication of IBP results will be considered
only if the capacity of these channels is exceeded.

.12 The International Section on Terrestrial Productivity (PT). Studies
of production at different trophic levels provide a unifying factor and should
be a fundamental part of every PT project. Purely descriptive studies should
not be considered as IBP/PT projects, unless they are clearly preliminary to
productivity studies. The section recommends that:

a. As far as possible, studies of primary and secondary production
should be undertaken in the same sites.

b. The biological productivity of wild and man-modified ecosystems
in the same environmental conditions should be compared.

c. Comparative studies should be made of widespread organisms in
different environments.

.13 The International Section on Freshwater Productivity ( PF ) . Section
PP should be so oriented as to lead to an increased knowledge of the factors
governing biological productivity. At the same time, the information sought
should point the way to methods for obtaining more food (by increasing,
productivity) and additional clean water (by reducing productivity and pol-
lution).

Particular care will be needed to achieve results that are as comparable
as possible. Projects should be selected to stimulate pre-existing local research
and thereby achieve maximum results with minimum expenditure.

2.20 The U.S. National Program. The central and actively supported core of
the US contribution is a series of Integrated Research Programs (IRP). These
are based upon the use of coordinated, interdisciplinary research teams that focus
integrated attacks on carefully defined problems. The US National Committee has
endorsed the four criteria for an IRP that are offered by the National Science
Foundation:

.21 Each IRP proposal should demonstrate that it is necessary to group
a set of research projects in space and time in order to achieve the scientific
goals of the program. That is, convincing arguments must be presented to
show that support of individual, independent research projects would not
achieve those goals. The whole, in this case, must be greater than the sum
of its parts.
.22 Substantive, operational questions of general ecological signficance

must be posed in order to give coherence and direction to the suite of research
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projects in the program. Without such questions the projects will tend to
go their separate ways, thus placing the ultimate goal of the program in
jeopardy. Management proposals must also clearly indicate a means of shift-
ing direction and emphasis as new information and ideas dictate.
.23 Each proposal must describe a system for rapid exchange of informa-

tion and data among investigators so that each participant will profit from
the efforts of others as the work proceeds. This is obviously essential for
cordination. Without it, much of the advantage of simultaneous support
of projects will be lost.
.24 Each IRP proposal must provide a means of synthesizing the results of

the several projects. Otherwise, the hoped for higher-order goals of theprogram will elude.
2.30 The Analysis of Ecosystems Program.

.31 Research.
a. This Integrated Research Program will be focused on intensive,multidisciplinary analyses of ecosystems.
b. Concentrated studies are to be made in a limited number of sitesrepresenting the following ecosystems: deciduous forests, western conif-

erous forests, grasslands, desert, arctic tundra, and tropical forests(in cooperation with Latin American groups). (From October 1966
Program Statement.)

c: Additional contributions can be made through less intensive in-
vestigations on related communities at other locations.

d. The systems analysis approach is a necessity in a program as large
and complex as this. It is the key to the synthesis of results necessary
to reach higher-order goals.

e. In an integrated study, synthesis of results depends on the rapid
exchange of all data. Conventional sharing of data via publication is
hopelessly slow. All data will be immediately available to all
participants.
f. Synthesis also demands complete intercalibration or standardization

of measurements. IBP handbooks will be used as much as possible to as-
sure comparability of data.

g. A high level of coordination is essential to successful conduct of
the Program.

.32 Management.
a. The management system must attract and maintain volunteer par-

ticipation, since most of the scientists will depend upon academic in-
stitutions and government agencies for their major salary support.

b. The coordination and integration of research performed by nearly
800 scientists in many disciplines, and from many institutions and
agencies, is required.

c. Communication systems are needed to maintain the team approach
at several levels; within groups of projects, within biome programs,
throughout the Analysis of Ecosystems program, with other US Inte-
grated Research Programs, and with relevant programs in other
countries.
d. The immediate free exchange of data in so large a program creates

unprecedented needs in the areas of data processing, storage, retrieval,
and transmission.

.33 Funding.
a. Funding procedures must be consistent with the program needs in

terms of coordination and integration. Three constraints are paramount.
(1) Simultaneity of research. Within any one ecosystem, con

current research is required on all important components. Reducea
rates of funding, associated with the usual concept of stretch-out
in time, cannot be invoked to the degree that research on some es-
sential components is postponed.
(2) Maintaining critical mass. Once a group of scientists has

begun to work together, their momentum must be maintained
through adequate support. Funding delays will cause disintegration
of the group, and may produce a permanent disaffection with the
program.
(3) Coordinated effort. The close teamwork demanded within

each ecosystem requires strong central management and hence cen-
tral funding for each major program.
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b. Proposal development includes a process of internal review defined
by PROCOM, the Program Coordinating Committee of the US National
Committee. The Analysis of Ecosystems Program Director and the six
Biome Directors are members of PROCOM, and are thus available for
this review. The steps included are:

(1) Proposals will be reviewed by PROCOM before a final draft
is submitted to an agency for funding. The circulation of relatively
early drafts is recommended.
(2) Each PROCOM member will receive copies of all proposals

from IRP's in which he has some interest. For every new draft pro-
posal, a group of at least 4 PROCOM members (or their designates)
will be selected by the PROCOM Chairman to form a review panel.
Criticism and constructive change are to be offered freely and
openly, so that their contribution to the further development of the
proposal is maximized.
(3) At the time of the internal review, one copy of each proposal

will be forwarded to the appropriate funding agency on an informal
basis.
(4) A number of IBP-related projects may later become incor-

porated into an IRP. Such projects should remain IBP-related until
they are in fact integrated into an existing design for the IRP.



MANAGEMENT

3.00 A management structure for this Program has evolved to meet the needs
of coordination and communication with a large and geographically wide-spread
research effort. Mechanisms have also been provided to facilitate internationalcooperation.
3.10 General organization. The present management structure has seven majorsections, one for the Central Program and one each for the six biomes. They are

interrelated as shown in FIG. 1. The Program Director and Coordinator are re-sponsible for the development and management of the entire program, under theguidance of the Program Coordinating Committee of the US National Commit-tee. Authority for the development and management of each Biome Programrests in each Biome Director, under the joint guidance of the Central Programand the US Program Coordinating Committee. In addition, within the CentralProgram a •series of Technical Coordinating Committees is being establishedwhose members are participants in Biome Programs. These will ensure directcommunication and coordination between biomes within disciplines, as a supple-ment to organizational coordination through the administrative staff.
3.20 Central Program.

.21 An Executive Board assists in the development and operation of the
program. Its present composition is as follows:

*Program Director: Frederick E. Smith (Michigan).
Program Coordinator: John A. Kadlec (Michigan).
*Grassland Biome Director: George M. Van Dyne (Colorado).
*Tundra Biome Director: Frank A. Pitelka (California).
*Desert Biome Director: David W. Goodall (Utah).
*Coniferous Forest Biome Director: Stanley P. Gessel (Washington).*Deciduous Forest Biome Director: Stanley I. Auerbach (Tennessee).Tropical Forest Biome Director: (to be selected).
Planning and Analysis Director: Robert H. Ellis (Connecticut).
**Terrestrial International Coordination: Jerry S. Olson (Tennessee).**Freshwater International Coordination: Arthur D. Hasler (Wis-consin).
The Executive Board serves as a review panel for all proposals, espe-cially during the early stages of such proposals. Final review is themajor responsibility of those members who are also of PROCOM.

*Members of PROCOM (Program Coordinating Committee).**Members of INTCOM (International Coordinating Coramittee).

;1651
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PROGRAM DIRECTOR AND COORDINATOR

Biome Program. Directors:
CENTRAL

PROGRAM

Technical
Coordination
Committees:

---Meteorology

- Microbiology __

Primary
Production-- --

- Phenology

- Small
Vertebrates

— Etc

I I I i I

II 
International Coordination

of Biome Programs

* Special Committee for the International Biological Program.

—

Coordination with
International SCIBP*
Sections; especially:
Terrestrial
Freshwater

Coordination with
other US Integrated
Research Programs

International

Coordination of

Techniques within

Disciplines

FIGURE 1.—Organizational Chart, Analysis of Ecosystems Program.

.22 Technical Coordination Committees. These are in the process of being

set up, as it becomes possible to identify appropriate personnel in at least
several of the biomes. Each committee will be responsible for maintaining
comparability of methods, rapid utilization of improved techniques, etc.
Organizationally, their activities are cross-classified with those of the biome
directors. The Central Program will promte and support their activities.
The following have been identified as an initial set of technical groups:
modelling, phenology, remote sensing, aquatic, meteorology, microbiology,
primary production, hydrology, chemical analysis, information processing,
invertebrates, small vertebrates, and large vertebrates. Phenology will be
closely coordinated with the IRP on Phenology. Meteorology will be devel-
oped in close coordination with the Biometeorology Panel of the US IBP.
.23 Research and Services. F. E. Smith, J. A. Kadlec, and R. H. Ellis, co-

directors.
a. Principles of ecosystems.
b. Methods of systems analysis, statistical analysis, information stor-

age and retrieval, and management planning.
3.30 Biome Programs. Each biome will require a management system much

more complex than that of the Central Program, since it is in the biomes that
most of the personnel and research are located. As an example, the current or-
ganization in the Grassland Biome is presented in Figure 2.
3.40 International Relations.

.41 Program Level. This program is interrelated with the terrestrial and
freshwater programs of many countries. Coordination is supplied directly
through the presence on the Executive Board of two of the US INTCOM
members. These representatives (J. S. Olson and A. D. Hasler) are both
very active internationally.
.42 Biome level. Each biome Director is responsible for promoting inter-

national coordination with programs in other countries in the same biome.
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They are also responsible for working with the established IBP working
groups on arctic-subarctic, woodland, grassland, and desert studies.
.43 Discipline level. International working sessions in technical areas

have been and will continue to be a dominant feature of international co-
ordination. We have begun to arrange for participants in the program to
attend relevant sessions. Such activities will be maintained by the Technical
Coordination Committees.

1  Grasslands Biome Director!
'Advisory Committee' 1!./±Tosal Review Committee, ,-

-14411,

Administration Scientific Systems
& Analysis

Pawnee Site 1 Comprehens
Project f P

v International
ram Coo.erationCoordination

Information
-Administrative
Assistance -Scientific -Information Facilities & oordination Canadian

Coordination Synthesis Equipment
-Secretarial True Prairie

-Grasslands Remote Network Mexican
-Bookkeeping -Information Seminar Sensing

Dissemination Mixed Prairie
-Typing Abiotic- Network Other

-Mathematical Atmospheric
-Meetings Modelling Mountain

Abiotic- Grassland
Edaphic Network

Pervices!
Producers Western

Data Processing & Grassland
Analysis Consumers Network

Sample Decomposers Basic
Processing & Process
Analysis Aquatic Studies

FIGURE 2.—Organizational Chart, Grassland Biome Program.



FUNDING

4.00 Effort valued at more than $300,000 has been spent in the development

and organization of this program (excluding effort beyond the organizationa
l

phase in the Grasslands Biome). Two thirds of this amount was contributed by

the participants, while one third came from direct funding.

4.10 Support through December 31, 1968.

.11 U.S. National Committee.
a. Program development. The first four major organizational meetings

in the period 1966-67 were supported ( see section 4.23).
b. Participation in international meetings. The U.S. National Commit-

tee has supported and continues to support travel to attend international

meetings. Key personnel from this program have attended 15 interna-

tional meetings with this support.
.12 Travelers Research Center provided in-house support for participation

In the Program by their personnel during the fall and winter of 1967-68.

.13 Direct Program Funding.
a. NSF GB6215, $71,400, from May 1, 1967 to April 30, 1969.
b. NSF GB7840, $224,300, from May 1, 1968 to April 30, 1970. Includes

a sub-contract to TRC ( Travelers Research Center) fors $50,000 from

June 1, 1968 to May 31, 1969.
.14 Direct Program Funding, (Grassland Biome only).

a. NSF '& AEC, $400,000. from June 1, 1968 to December 31,1968. .
b. North American Rockwell supported a remote sensing flight of the

Pawnee site in September 1968.
.15 Additional support expenditures.

a. Time for people to participate in organizational meetings. There
were 975 man-days of time contributed to major organizational meetings
(listed under 4,23) by senior scientific personnel. The value of this con-

tribution, at a consulting rate of $100/day, is $97,500.
b. Travel expenses. More than one-half of the people who attended

major organizational meetings traveled on funds from non-IBP sources.
If local scientists are omitted, the proportion is slightly less than one-
half. In general they did not travel as far as those whose expenses were
charged to IBP. Taking these factors into account, the non-IBP support
for travel expenses is estimated at $10,000.

c. Additional effort spent on the development of the Program. Several
hundred scientists have attended one or two day local meetings. About 50
have worked considerably longer on the organization of meetings and
the preparation of reports. A few have given as much as one-fourth or
more of their time to the program. The value of this contribution is
well over $100,000.

(168)
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4.20 DIRECT EXPENDITURES BY THE CENTRAL OFFICE
.21 TOTAL EXPENDITURES

Code 1967 1968 Total

.01 Salaries and wages  $1,992 $23, 879 $25, 871

.02 Fringe benefits  88 2,113 2,201

.03 Equipment  0 405 405

.04 Supplies  675 2,745 3,420

.05 Travel  4,166 33,480 37,646

.06 Printing costs  0 1,498 1,498

.07 Other costs:
Contract to TRC  0 14,753 14,753
Communications  96 2,367 2,463

.08 Total direct costs  7,953 92, 802 100,755

.22 EXPENDITURES APPORTIONED AMONG THE 6 BIOMES AND THE CENTRAL PROGRAM

Biome Total

Analysis of ecosystems $71,308
Grasslands -, 5,111
Tundra 6,162
Desert 7,385
Coniferous forest 2,704
Deciduous forest 4,459
Tropical forest 3,626

Total 100,755

Note: Funds for the Biomes include travel to major organizational meetings and support for some Biome directors and
committees. This latter support was not anticipated in the original grant proposal. The change was made with the advice
and consent of NSF.

.23 COST OF MAJOR ORGANIZATIONAL MEETINGS

Attendees Cost 1

1966
Oct. 28-31 Williamstown, program 24 (0) 

1967
February Chicago, program 10 (0) 
June 1 Ann Arbor, systems 55 (0) 
Oct. 4-5 Fort Collins, grasslands 35(0) 

1968
Jan. 26-28 Atlanta, deciduous forest 51(24) $3,020
Feb. 2-5 Seattle, coniferous forest 56 (13) 1,983
Feb. 23-25 Logan, desert 74 (31) 2,707
Mar. 1-3 Washington, D.C., tundra 32 (15) 3,695
June 27-28 Manhattan, Kans., grasslands 38 (16) 2,164
Oct. 9-11 Alaska, tundra 57(5) 1,636
Oct. 18-19 Ann Arbor, tropical 48 (20) 3,626

Total 480 18,830

Costs include all travel charges to the analysis of ecosystems grant, excluding the expenses of the program director
and coordinator. The number of attendees supported by these costs is shown in parentheses in the preceding column.

4.30 BUDGET ESTIMATES (AMOUNTS IN THOUSANDS OF DOLLARS)

Granted,
fiscal year

1968

Granted,
fiscal year

1969

Requested,
fiscal year

1969

Planned,
fiscal year

1970

Anticipated,
fiscal year

1971

Central program 1 224. 3  2 275. 5 1 1, 050
Grasslands Biome 3 400.0 4 300.0 4 150.0 5 2, 209. 3 1 4,000
Tundra Biome 1 200. 0 1,500
Desert Biome 20. 0 2 1, 700. 0 2,000
Coniferous forest Biome 31.4 a 900.0 1,500
Deciduous forest Biome 230.0 4 2,275. 0 2,750
Tropical forest Biome 2 80. 0 1 1, 500

Total 624.3 300.0 431.4 7,639. 8 14, 300

12 years.
2 To be submitted before June 1969.
a 7 months.
1 8 months.
5 Submitted in January 1969, for 16 months.
To be submitted by fall 1969.



MANPOWER

5.00 The voluntary participation of at least 500 scientists is needed in the
biome intensive studies. Several hundred scientists are needed to develop the
ccmprehensive studies. Despite early fears that such a commitment from the
scientific community would not develop, we find that manpower has not yet been
a limiting factor.
5.10 Participation in major organizational meetings. A total of 306 individuals

were involved in these meetings (Section 4.23). About 95 academic institutions
and government agencies in 36 states, Washington, D.C., and Puerto Rico were
represented.

5.20 Additional contacts with the scientific community.
.21 Local meetings. Local interest in the program has stimulated many

meetings of scientists within academic institutions and in regional groups
of institutions and agencies. The total number of people involved is un-
known. As an example, within the Deciduous Forest Biome a group met at
Lake George, New York, to consider studies of the Lake and its drainage
basin. It was organized as result of the attendance of 3 people at the major
Deciduous Forest Working Session. A total of 62 people from the region at-
tended, representing 17 institutions or agencies and 7 states.
.22 Mailing Lists. The Central Office maintains a mailing list composed

of over 1700 people who have indicated an interest in being informed about
the program or some segment of it. Each Biome also maintains such a list.
The Grassland list, for example, is now over 450 names.

5.30 Research participation within biomes.
.31 Grassland Biome. In the first 7 months of a funded program (June-

December 1968), 55 scientists were involved in field research of the inten-
sive site and the information synthesis project. Commitments to work in
the program, as evidenced by inclusion in the current proposal for work
beginning in 1969, have been received from 105 scientists.
.32 Desert Biome. Since the major organizational meeting at Logan, Utah,

over 40 scientists have been actively involved in planning. About 280 scien-
tists have indicated an intent to participate in the research program.

5.40 International Participation. A large number of US scientists have partici-
pated in IBP meetings at the international level. Some of these have not worked
actively within the US IBP. The Central Office of the Analysis of Ecosystems
Program is currently attempting to identify these people and the meetings they
attended, regardless of relevance to this Program. Their contribution to IBP
guidelines is important and their identification for potential consultation within
the US should be useful. The admittedly incomplete list now contains 160 names
of scientists who have attended international meetings. Of these, 66 were not on
the Analysis of Ecosystems mailing list, although of course they may be involved
in other US IBP programs.
5.50 Key personnel associated with the Analysis of Ecosystems Program.

.51 Central Program.
Director, Frederick E. Smith, University of Michigan
Coordinator, John A. Kadlec, University of Michigan
Planning & Analysis, Robert H. Ellis, Travelers Research Corporation,

Hartford, Connecticut
Remote Sensing, Donald S. Lowe, University of Michigan

.52 Grassland Biome.
Director, George M. Van Dyne, Colorado State University
Pawnee Project Director, D. A. Jameson, CSU.
Comprehensive Program Director, R. L. Dix ( Temporary), CSU.
Facilities Committee Chairman, R. E. Bement, Agricultural Research

Service, USDA, Fort Collins, Colorado
Lab. and Biomet. Services Director, L. J. Bledsoe (Temporary), CSU,
Executive Assistant, P. T. Haug, CSU.
Scientific Coordinators:
C. F. Becker, U. Wyo.
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W. H. Moir, CSU.
D. H. Knight, U Wyo.
R. M. Hansen, CSU.
D. N. Hyder, US, ARS, Ft. Collins
R. J. Lavigne, U. Wyo.
K. G. Doxtader, CSU.
F. E. Clark, ARS, Ft. Collins
Comprehensive Program Scientific Committee:
L. C. Hubert, Kansas State U.
C. H. Herbel, ARS, Las Cruces
E. H. Reid, Forest Serv, USDA, Ft. Collins
F. A. Glover. BSFW, Ft. Collins
J. 0. Klemmedson, U. Arizona
R. L. Packard, Texas Tech. Coll.
J. H. Grosklags, N. Ill. U.
C. M. Skau, U. Nevada
R. Q. Landers, Iowa St. U.
J. L. Kline, Argonne Nat Lab., Ill.
T. C. Dorris, Okla. St. U.
Regional Coordinators:
C L: Kucera, U. Mo.
H. G. Fisser, U. Wyo.
H. F. Heady, U Cal., Berkeley
W. L. Mueggler, FS, Bozeman

.53 Tundra Biome.
Director, Frank A. Pitelka, University of California, Berkeley
Advisory Panel:
L. C. Bliss, U. Alberta
M. E. Britton, Wash., D.C.
J. Brown, CRREL, N.H.
J. E. Hobbie, N. Car. St. U.
D. M. Hopkins, USGS, Menlo Park
J. D. Ives, U. Colo.
G. G. West, U. Alaska
Temporary Co-directors, Arctic Tundra-Taiga:
V. A. Billaud, U. Alaska
H. N. Coulombe, U. Alaska
K. Van Cleve, U. Alaska

.54 Desert Biome.
Director, David W. Goodall, Utah State University
Committee:
J. P. Blaisdell, FS, Ogden
J. E. Deacon, Nev. So. U.
W. A. Dick-Peddie, New Mex St. U.
J. W. Hawley, SCS, Univ. N.M.
W. Keller, ARS, Logan
W. McGinnies, U. Arizona
W. L. Minckley, Ariz. St. U.
W. H. Rickard, Jr., Battelle-Northwest
F. B. Turner, UCLA
F. H. Wagner, Utah St. U.

.55 Coniferous Forest Biome.
Director, Stanley P. Gessel, University of Washington
Committee:
E. W. Mogren, CSU.
D. R. Wootton, Chico St. Coll., Cal.
R. Waring, Ore. St. U.
D. W. Cole, U. Wash.
A. R. Gaufin, U. Mont.
F. D. Johnson, U. Idaho
R. W. Harris, FS, Portland
D. Chapman, U. Wash.
R. Burgner, U. Wash.
G. Staebler, Weyerhaeuser Co.
K. Van Cleve, U. Alaska
C. P. Goldman, U. Cal., Davis
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.55 Coniferous Forest Biome—Continued
Committee—Continued
P. Zinke, U. Cal., Berkeley

.56 Deciduous Forest Biome.
Director, Stanley I. Auerbach, Oak Ridge National Laboratory, Ten-
nessee

Committee:
F. G. Goff, U. Mo.
N. L. Clesceri, Ren. Poly. Inst.
E. C. Williams, Jr., Wabash Coll., Ind.
H. Lieth, U.N. Carolina
0. Loucks, U. Wisc.
S. Stephenson, Mich. St. U.
K. Wenger, FS, Wash., D.C.

.57 Tropical Forest Biome.
Director (un-named)
Committee:
F. B. Golley, Chmn., U. Ga.
R. Cowan, Smith. Inst., Wash., D.C.
C. F. Jordan, P.R. Nuclear Center, AEC
S. Preston, U. Mich.
D. H. Janzen, U. Chicago
R S. Davidson, Battelle-Columbus

Lieth, U.N. Carolina
T. E. Moore, U. Mich.
F. Wadsworth, Inst. Trop. For., PR
T. C. Dorris, Okla. St. U.

.58 IBP Liaison.
Scientific Director, IBP: Dr. E. B. Worthington, IBP-Central Office, 7

Marylebone Road, London NW 1, UK
Section PT
Convenor: Professor F. Bourliere, Faculte de Medecine, 45, rue des Saints-

Peres, Paris 6e, France
Coordinator: Dr. M. J. Hadley, Faculte de Medecine, 45, rue des Saints-

Peres, Paris 6e, France
Section PF
Convenor: Professor G. G. Winberg, Professor of Zoology, Academy of

Science, Leningrad V-164, U.S.S.R.
Coordinator: Dr. J. Rzoska, IBP-Central Office, 7 Marylebone Road, Lon-

don NW 1, UK
US Coordination with International Sections:
PT representative on INTCOM : Dr. Jerry S. Olson, Oak Ridge National

Laboratory, Tennessee
PP representative on INTCOM : Dr. Arthur D. Hasler, University of Wis-

consin
Program Directors of related Integrated Research Programs, US IBP.
Phenology, Dr. Byron 0. Blair, Purdue U.
Aerobiology, Dr. William S. Benninghoff, U. Mich.
Upwelling Ecossystems, Dr. Richard C. Dugdale, U. Wash.
Convergent and Divergent Evolution, Dr. W. Franklin Blair*, U. Texas
Chairman, Biometeorology Panel, Dr. Glenn R. Hilst, Tray. Res. Corp.,

Hartford.

Also Chairman, US IBP Executive Committee.
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CURRENT STATUS AND ACCOMPLISHMENTS

6.00 Two problems related to funding have affected program development.
First, in early March 1968, serious doubt about prospects for significant IBP
funding for fiscal '69 and '70 led to the decision to postpone the major organiza-
tional meeting for the Tropical Forest Biome planned for April 5-6, 1968 and
a Coniferous Forest Biome Committee meeting planned for March 8, 1968. This
action resulted in a considerable loss of momentum in those Biomes. Morale
suffered in all biomes.

Second, the imposition of expenditure ceilings on NSF grants in August 1968,
forced a virtually complete cessation of planning of new activity and a drastic
curtailment of support to Biome Directors and Committees while new budgets
were being developed. And after new budgets were approved, severe restrictions
were reimposed at the Univ. of Michigan on October 30, 1968. The result of
these restrictions has been a general slowing of Biome Program development
and the postponement of a series of meetings planned for fall 1968, to coordi-
nate efforts by disciplines among Biomes.

Despite these setbacks organization continued. For example, the Tropical
Biome Steering Committee decided it should meet in spite of the lack of support,
each individual finding support from other sources.
6.10 Program Development. Many aspects of program development have been

presented in previous sections: organization in section 3.00, funding in section
4.00, and manpower in section 5.00. Section 4.23 lists the major organizational
meetings, and section 4.30 presents expected funding needs. Additional high-
lights of development for each of the seven program components follow.

.11 Central Program. Frederick Smith was nominated Program Director
in February 1967. John Kadlec was nominated Program Coordinator in
October 1967.
Work has started on ecosystem models, information systems design, and

management planning. Substantial progress in the development of principles
of ecosystems awaits activation of the six biome studies. Most of the effort
so far has gone into program development within biomes.

International relations are promoted through the activities of the
INTCOM associates, Jerry Olson and Arthur Hasler. The PF and PT Sec-
tions have sponsored more than 20 international working sessions on sub-
jects relevant to this program.
.12 Grasslands. George Van Dyne was nominated Biome Director in

October 1967.
An initial research design for the intensive study is complete. Work

began in June 1968, in four phases involving 59 scientists: synthesis of
available information, ecosystem modelling, preliminary field studies, and
site development. Three of five workshops on information synthesis have
been held. A preliminary model for a grasslands ecosystem has been con-
structed. Field research in 11 areas of study involving 25 scientists has
begun. A new soil survey of study areas has been completed, and one re-
mote sensing flight over the site has taken place. Field laboratories are
under construction, and micro-drainage basin installations have been com-
pleted. Planning has begun on the design of the comprehensive program.
The US program is coordinated closely with the existing Canadian Grass-

lands Study in Saskatchewan, and with the proposed Mexican Grasslands
Study in Chihuahua. An international conference to define a minimal grass-
land program was held in September 1967. The US and Canadian groups
are co-hosting an international grasslands conference in Saskatoon, Canada,
in Septmeber 1969.
.13 Tundra. Frank Pitelka was nominated Biome Director in November

1967.
Following meetings in Washington, D.C. and Fairbanks, Alaska, a research

proposal is now being prepared to request support for (1) modeling analysis
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of existing data for Point Barrow and related areas, (2) developmen
t of

the overall designs for arctic research and for alpine research, and (3)

integration of existing and future taiga research into an ecosystem ap-
proach.
International research design is ahead of that for the US alone. At a

series of meetings, but especially those in England (Nov. 1967) and Norway

(Sept. 1968) a circumpolar effort has been designed. The systems ap-

proach to analysis and synthesis has been incorporated, with the US play-

ing a leading role.
.14 Desert. David Goodall was nominated Biome Director in May 1968.

All proposed major sites have been visited by committees from within

the biome, and major study sites have been selected. A complex research

design combining analytic and synthetic studies has been completed, and

an integrated proposal is nearing completion.
The development of international cooperation will be emphasized at the

Arid Lands Conference in Tucson, June 1969.
.15 Coniferous Forest. Stanley Gessel was nominated Biome Director in

September 1968.
A comprehensive program covering the coniferous forest regions of the

northwest, has been outlined. The development of a design for intensive

study has begun, with a major proposal planned for the fall of 1969.
An international symposium on the Coniferous Forests of the Northern

Rocky Mountains was held in Missoula, Montana, in September 1968.
.16 Deciduous Forest. Stanley Auerbach was nominated Biome Director

in June 1968.
A general design of intensive and comprehensive studies has been com-

pleted.
A major proposal for research on ecosystem modelling and a few lead-time

studies has been submitted and revised. In some regions existing support is
being re-oriented and mobilized toward this program, although their com-
plete integration awaits central funding for the biome.
International meetings have been held in Brookhaven, December 1967, and

in Qatlinburg, Tenn., July-August 1968. Close coordination is developing
with the programs of several European countries.
.17 Tropical Forest. A Biome Director is yet to be nominated.
A general plan has been accepted by the Biome Committee that focuses

effort on continental wet lowland forests, with comparative studies extend-
ing into other tripical forest systems. The development of IBP programs by
tropical countries has been slow, but several now have identified groups with
which we can cooperate, including India as well as countries in South
America'.
Most of this program will be international in the true sense of cooperative

teamwork between US scientists and scientists resident in tropical coun-
tries. In addition, studies in South America, Africa, and Asia will be co-
ordinated in the more usual way through work sessions.

6.20 Reports and Proposals.
Listed below are the major reports and proposals produced by this pro-

gram. They contain the details of the progress and plans of the program to
date. Not all of them are available for distribution.
Program Statement of the Subcommittee on Productivity of Freshwater

Communities and Subcommittee on Productivity of Terrestrial Communities,
US National Committee for the International Biological Program. 12 pp.,
December 1966.

Analysis of Drainage Basins and Landscapes. A proposal submitted to the
National Science Foundation (NSF) by F. E. Smith, 25 pp., February 1967.
Systems Ecology and the IBP. A report of the working conference on sys-

tems analysis for the International Biological Program. 19 pp., ;Tune 1967.
Report of the Working Session on Grassland Ecosystems. Design of re-

search for the intensive study and plans for the comprehensive study. 43 pp.,
October 1967.
First Annual Report on the Analysis of Ecosystems, an integrated research

program of the US IBP. 5 pp., November 1967.
Analysis of Structure and Function of Grassland Ecosystems. A proposal

submitted to NSF by G.M. Van Dyne. 373 pp., January 1968.
Analysis of Ecosystems. A proposal submitted to NSF by J.A. Kadlec. 30

pp. January 1968.
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A Planning and Analysis Research Project for the Analysis of Ecosystems
Program, International Biological Program. A proposal submitted to the
U. of Michigan by R. H. Ellis (as a sub-contract to the above proposal). 81
pp., January 1968.
Proposal for Investigation of Multispectral Remote Sensing Techniques

for the Analysis of Ecosystems. Submitted to NSF by the Willow Run Labo-
ratories, Inst. of Science and Technology, U. of Mich. 72 pp., January 1968.
Report of the Working Session on Deciduous Forest Ecosystems: Design of

research for the comprehensive study. 37 pp. January 1, 1968.
Report of the Working Session on Coniferous Forest Ecosystems: Con-

tributions toward a design of research for the comprehensive study. (Rough
draft) 37 pp. February, 1968.
Report of the Working Session on Desert Ecosystems: Contributions to-

ward a research design. 46 pp., February 1968.
Comprehensive Network Phase Organizational Meeting. Grasslands Biome

Sub-program. 14 pp., June 1968.
Research Design and Analysis of the Structure and Function of Ecosys-

tems in the Deciduous Forest. A proposal submitted to NSF by S.I. Auer-
bach. 141 pp., September 1968.
Proposal for Support of Initial Administrative Costs of the Desert Biome

Section of the US IBP Program for the Analysis of Ecosystems. Submitted
to NSF by D.W. Goodall. 23 pp., September 1968.
Report on a US IBP Meeting for Tundra. 44 pp., October 1968.
Report of Ann Arbor Working Session on Tropical Forest Research Pro-

gram. 6 pp., October 1968.
Proposal for Support of Initial Administrative Costs of the Coniferous

Forest Biome Section of the US IBP Program for the Analysis of Ecosys-
tems. Submitted to NSF by S.P. Gessel. 16 pp., November 1968.

Analysis of Structure and Function of Grassland Ecosystems: a progress
report and a continuation proposal. Submitted to NSF by G.M. Van Dyne.
700 pp., January 1969.
A Planning and Analysis Research Project for the Analysis of Ecosystems

Program, International Bioligical Program. Submitted to the U. of Michigan
by R.H. Ellis. 97 pp., January 1969.

•



PRIORITIES

7.00 In 1967 the total cost of operating the Analysis of 
Ecosystems was esti-

mated at $12 million/year. This now appears to be about 25% 
too low; current

estimates are $15 million/year. This is a large sum in comp
arison with the cost

of conventional ecological research, although it is very 
small in comparison

with the cost of restoring and maintaining the human environment
.

7.10 Allocation with less than adequate funding.

The type of integrated research program designed for each 
of the six

biomes cannot be executed at a partial level of funding. The w
ork must be

complete and simultaneous. It is essential, therefore, that whole
 biomes

be deleted at reduced levels of funding, rather than attempting 
to run all

six partially.
Initially, reduced levels of support can be used to advantage. Some su

p-

port is essential during the organizational phase. This can be followed
 by

one year of funding at an intermediate level during which program de
vel-

opment can be completed and lead projects begun. After this, however, sup-

port at less than the full level is severely damaging to the objectives of

the program.
The Board has long adopted the resolution that, unless support levels

rise above $2 million/year, virtually all of the funds should be allocated

to the Grasslands Study. Above this level, additional biomes should re-

ceive significant support on a readiness basis, the number so supported

depending upon how quickly how many can be supported fully.

Unless several biomes studies are fully supported, the continued support

of the Central Program is not recommended. Its service value depends upon

the number of studies being served, and its research value depends upon the

number of biome studies that can be compared and used in generalization.

The development of Principles of Ecosystems cannot progress far unless

at least four biome studies are fully active, and its value rises rapidly if

the number of biome studies is increased to six. Still greater value would

result from 8 or 10 biome studies, although the returns in terms of the

contribution to general theory may be less for the additional studies.

7.20 Scientific Need for Six Studies.
The decision to begin with studies in six biomes arises from the conviction

that this is the smallest array from which generalizations can be made with

confidence. Development of all six is vital to the overall objectives of the

program. Those that were selected were chosen on the basis of several
criteria: intrinsic scientific interest, degree of contrast within the set, and
value to human welfare. Nothing scientific has happened to suggest that this

decision is in error.
An additional scientific need in program design has now become clear:

it is a problem in critical mass, not of the number of scientists from dif-
ferent disciplines working in one integrated study, but of the number of
scientists in the same discipline working in different integrated studies.
Within each discipline (such as meteorology, microbiology, systems analysis,
etc.) the investigators in an integrated study develop new perspectives of
their field, which in turn lead to the need for new technologies. Two prob-
lems arise: first, help from their professions too often suffers from a lack
of experience in this kind of study, and, second, the resulting isolation
creates a high risk of premature rigidity in techniques. With more ecosystem
studies these problems are reduced. The ideal minimal number of concur-
rent studies in that for which the rate of conceptual and technical advance
is commensurate with the time scale for the integrated studies. Our best
guess is that the original design of six studies is certainly not too many.
The new constraint emphasizes that these six must be concurrent.

7.30 Manpower Needs.
Environmental problems facing society are ubiquitous, large, and costly.

Large numbers of trained personnel will be needed to cope with them,
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whether the action be federal, state, or private. The source of such per-
sonnel lies primarily in educational institutions. Thus, although the design
of this program may be adequate from a scientific point of view, it may be
inadequate as a means of meeting future manpower needs.
The ability of an institution to produce appropriately trained recruits

depends very much on its involvement in a research program such as this
one. Its students will be able to execute useful sections of research and at
the same time participate extensively in synthesis. They can be trained in
the techniques of systems analysis applied directly to the study of ecosys-
tems. They will acquire early experience in team research.
At present more than a dozen educational centers (groups of locally in-

terrelated schools and agency facilities) in this country have the interest
and potential to develop this kind of training. Thus, a program nearly twice
the size of this Program can be initiated if manpower needs are over-
whelming.
The development of additional manpower must take into account the one

or two years needed to bring ecosystem research programs into operation,
and the several years of training that each student must receive. A total
lead time of about five years is needed between the development of training
programs and large-scale action programs of environmental improvement.
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APPENDIX F

MAN'S SURVIVAL IN A CHANGING WORLD

(VIEWS OF A U.S. NATIONAL COMMITTEE OF THE IBP CONFERENCE)

The United States International Biological Program

"In our times of unprecedented change, biologists are well aware of the rapidly

growing ability of their fellow human beings to alter the face of the earth

through technology. But they are equally aware that these alterations can bring

about far-spreading and often destructive changes in the web of life that is
stretched so thinly over the surface of our planet. Our technology has out-paced
our understanding, our eleaverness has grown faster than our wisdom.
"Because of our limited understanding of the relationships among living

things, we are limited in our ability to predict the effects of technical change or
to help the technologists conserve the values and utilize the abundance of the
world of life. Our goal should be not to conquer the natural world but to live in
harmony with it. To attain this goal we must learn how to control both the exter-
nal environment and ourselves. Especially we need to learn how to avoid irreversi-
ble change. If we do not we shall deny to future generations the opportunity to
choose the kind of world in which they want to live.
"Greater understanding will make it possible for man to respond to opportunity

as well as to react to need. To gain such understanding is the underlying purpose
of the International Biological Program."

ROGER REVELLE,
Past Chairman, U.S. National Committee for the International Biological
Program.

INTRODUCTION

The International Biological Program (IBP) grew out of mounting scientific
concern throughout the world for the major problems confronting mankind to-
day—the rapidly increasing population, food shortages and environmental de-
struction. As early as 1959, scientists began discussing the possibilities of orga-
nizing an international program which would deal with increasing food supplies
and keeping the earth a fit place in which to live.
In July of 1964, the IBP was voted into reality by the International Council of

Scientific Unions (ICSU) which set up a Special Committee for the IBP ( SCIBP) .
Based on the theme of "The Biological Basis of Productivity and Human Wel-
fare," the program was divided into two main phases: the planning stage from
1964 through June of 1967, and the five-year operational phase from July of 1967
through June of 1972.

Possibilities for United States participation in the IBP were explored by an ad
hoc committee of the National Academy of Sciences which, upon the recommen-
dations of this group, organized the U.S. National Committee for the IBP in 1965
with Roger Revelle of Harvard University as chairman.

Fifty-three other nations also agreed to participate in the IBP and formed
national committees. Each country has developed or is in the process of develop-
ing a national program which fits into the broad international aims set up by
ICSU, but which also concentrates on special problems within their own nation.
Many of the developing nations in the IBP have directed their efforts toward
methods for increasing food production and for better population control, while
the more industrial nations have concentrated on investigating the problems of
urbanization and environmental pollution.
Because of the degree of advanced technology in the United States—which

can be harmful as well as beneficial—the U.S. scientists departed from the scheme
of trying to reorganize ongoing research as many of the other countries had done.
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They decided instead to develop entirely new methods for handling the very

complicated ecological problems found within the country. This new type cf

approach—which has been called the beginnings of "big biology"—involves the

use of multidisciplinary teams of researchers working on all components of a

specific environment and the interactions that occur between them.
Special concern was also given to man himself and how he fits into and affects

his environment—and how it affects him. Man's adaptation to environmental
stresses such as cold, high altitude and urbanization was of particular interest
to the IBP scientists.
With the advent of the operational phase in July of 1967, the U.S. National

Committee found itself with a group of integrated research programs specifically
generated by and designed for the IBP. Also a part of the U.S. effort were
smaller, individual research projects that were not IBP-originated, but closely
related to the aims and goals of the program.
The major effort of the U.S. Committee for the next few months was to inter-

relate these programs for a better concentration and management of research
effort. Along with these actions, the structure of the Committee itself was altered
with the chairmanship passing to W. Frank Blair of the University of Texas, and
the formulation of plans to streamline the group to meet the needs of the opera-
tional phase of the program.
Through these efforts, the large-scale integrated research programs which

formed the major core of the U.S. contribution, focused more sharply on the two
main centers of international interest—problems of human adaptability and those
of environmental management. Although the number of integrated programs in
these two areas has been and is still subject to change through the addition of
new studies or the merger of others, the contributions to be made over the next
few years should be of significant value in helping to "not conquer the natural
world, but to live in harmony with it."

PROBLEMS OF HUMAN ADAPTABILITY

As a result of rapid technological advances and increasing population pres-
sures, man is so seriously disturbing his environment that he is subjecting him-
self to a wide variety of new stresses and strains. Man is an enormously adapt-
able animal, but it is clear that his adaptability has limits, and that attempts to
exceed them produce a toll in disease and death. Clearly, we must greatly im-
prove our understanding of the processes of human adaptability if we are to cope
with the emerging crises of human survival.
The scientific basis of human adaptability has two major components—the

genetic, which sets the limit of the organism's capacity to respond, and the phys-
iological and behavioral, which determines the range of responses available to
the organism given its genetic set. At one extreme of the spectrum of inquiry
that can be brought to bear on human adaptability is population genetics, and at
the other extreme, environmental physiology. In between, many aspects of modern
medicine and anthropology come into play.
Human behavior, in contrast to the behavior of other organisms, includes a

large set of cultural activities, the domain of the arts and social sciences. These
establish a context, a pattern of civilization, within which the more biological
attributes of human adaptability must operate. It is the limited adaptability
of the latter, expressed in genetics, physiology and behavior, that are the central
theme of this program.
Each U.S. IBP integrated research program in human adaptability attempts

to exploit certain unusual opportunities to understand critical aspects of human
adaptability. Some of these opportunities are associated with vanishing cultures
and will soon disappear. It can be truly said that this is the last generation of
scientists to have the opportunity to study primitive cultures, and the first gen-
eration to have adequate tools in genetics, molecular biology and physiology to
do it. As an aggregate, these programs will clarify many mechanisms of human
adaptation to environmental extremes and to urbanization. They are articulated
by a number of common subjects, especially nutrition and population genetics,
and by research on the same populations under varying conditions, such as
Eskimos in the Arctic hunting and in urban settings. They are also coordinated
with the environmental programs through commonalities of place, time and
personnel.
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INTEGRATED RESEARCH PROGRAMS IN HUMAN ADAPTABILITY

International Study of Eskimo's
Eskimos, similar in race, language and culture across a distance of 3,000 miles

at the top of the world, represent the greatest linear dispersion of one group of
people in human history. Their habitat, snow-covered two-thirds of the year, is
marked by low temperatures, seasonal extremes in light and darkness and rela-
tively meager resources. The aim of this five-year program is to elucidate bio-
logical and behavioral processes responsible for the successful adaptation and
slow population growth of 70,000 Eskimos in an arctic environment.
The integrated program involves multidisciplinary scientific teams from the

United States, Canada, Denmark and France who are cooperatively and simul-
taneously studying their own Eskimo citizens (excepting France) in Alaska,
Canada and Greenland. Methods to be used, previously approved by IBP work-
ing groups following World Health Organization recommendations, will be com-
parable to simplify synthesis of results.
The research categories are: 1) general health and performance, with special

attention to the cardiovascular system, work capacity and the antibodies present
in the blood and serum; 2) child growth, including long-term studies of the
size, form and composition of the body at different ages, the dentition and bone
mineral content in vivo; 3) genetics, including genetic markers, the population
structure and demography; 4) behavior, including cognition, psychomotor and
expressive behavior and behavioral genetics; and 5) ecology, including quanti-
fication of nutritional energy flow through the ecosystem of which the human
population is a part.
The studies will provide immediate dental and health benefits and growth

norms for Eskimos, who are increasing population numbers at about three and
one-half percent per year, as well as contribute to basic knowledge of small
group population genetics, of human survival in a harsh environment, and of
relations within a small isolated population between genetics, stress, environ-
ment and disease.

Population Genetics of the American Indian
Scattered throughout South America are still to be found tribes of Indians

living by hunting, gathering and simple agriculture, much like the ancestors of
most civilized populations a few thousand years ago. These tribes provide a
rapidly disappearing opportunity to obtain a baseline on the vital statistics and
health patterns of primitive man. At the same time, dispersed throughout the
United States, but especially in the Southwest, are groups of relatively pure
Indians who are in the mid stream of transition from the primitive state to the
Atomic Age. In their lifetime, these Indians are subject to biological adjustments
which in the Old World were spread over several thousands of years. Thus, the
study of these transitional Indian populations in conjunction with the study of
primitive groups should provide important insights into the kind of biological
adjustments modern man is being called upon to make and some of the con-
sequences of these adjustments.
This specific investigation at present entails the collaboration of U.S. in-

vestigators with those in Venezuela and Brazil. Several very primitive tribes
living on tributaries of the Amazon and Orinoco Rivers have been selected for
studies of their mating patterns, methods of fertility control, birth and death
rates, genetic characteristics, food utilization characteristics and disease pres-
sures. The early effects of acculturation are being explored in the expectation of
linking these studies in time with studies on the much more changed Indian
of the United States. From the careful, quantitative study of groups such as
these, an understanding of the changing stresses of modern man and, possibly,
some insight into their consequences can be found. All over the world the re-
maining primitive societies are being rapidly disrupted; this is probably the last
generation of scientists to be able to study them.

Biology of Human Populations at High Altitudes
A significant portion of the world's population, more than 25 million people,

live at altitudes above 10,000 feet. This number can be expected to expand as
world-wide pressure for living space increases. The former stability of ancient
high altitude populations is rapidly disappearing as transportation facilities
improve. In some communities, there is a constant influx and efiux, yet the
population dynamics of such communities are poorly understood. In particular,
the reasons why people leave high altitude have never been examined sys-
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tematically. The role of biological inability to adapt to chronic 
hypoxia in com-

parison with other environmental stresses such as cold and dryness h
as not been

thoroughly investigated as well as the economic, social, political or 
cultural

factors that affect these populations.
United States participation in the study of man living at high a

ltitudes will

be concentrated in the Western Hemisphere, with emphasis on 
collaboration

between scientists in both North and South America. At the same
 time, the

program will integrate with investigations in such countries as Ethiopia
, India

and the Soviet Union. Three human population groups will be examined
 in the

U.S. program: a North American population at 10,175 feet in the Rocky 
Moun-

tains; a South American population also living at 10,175-11,500 feet; and a 
pre-

dominantly native Andean population living at the more extreme altitude
 of

about 13,000 feet.
In each of these populations, the human biological investigations will hav

e

three main foci—physiological adaptations to the chronic hypoxia of high 
al-

titude from before birth to old age; medical and obstetrical problems which are a

direct consequence of maladaptation to high altitude such as incidence of fetal

wastage and malformations; and modification of disease by high altitude. In

this last category, one provocative hypothesis is that residence at high altitude

may protect against degenerative cardiovascular disease.
The study of these three populations will allow judgments to be made con-

cerning the relative significance of genetic and physiological processes in human

adaptability. The peoples to be studied in the Rocky Mountain communities en-

joy such conveniences as central heating, adequate clothing, sanitation, refrigera-

tion, adequate nutrition, good medical care and private transportation. Hence,

the primary uncontrollable environmental factor is the reduced atmospheric

pressure and the resulting hypoxia. For the Andean populations who have lived

at high altitudes for many generations, these amenities are not readily avail-

able. A hypothesis that can be examined in these studies is that their adaptation

has been primarily genetic whereas the North American peoples have made their

adjustments physiologically.

Nutritional Adaptation to Environment

The nutritional studies in the IBP are based on research that is integrated
on a national and internatibnal basis with other programs of human adaptation.
The results will hopefully assist mankind in making adjustments to present and
future circumstances in relation to food.

Experience in typical arctic, tropical, and temperate zones has resulted in

three extreme ranges of food practices that are in sharp contrast as related to
critical margins of success or failure in human adaptability. Limitation to animal

sources of food in polar areas of Alaska, Canada and Greenland has resulted
in diets that are close to the limit of physiological tolerance in their high content
of protein and fat and their low content of carbohydrates and vitamin C. In

tropical areas of Latin America, Africa and Asia the reverse is true: diets there
tend to be critically low in good quality protein, high in starch or sugar and
seriously low in total energy content. Temperate zones as in the United States and
Western Europe permit varied and more adequate food production and generally

a more favorable economic environment. Nutritional adaptation research in this

area is needed to identify requirements for all essential nutrients including

vitamins and trace elements such as zinc and chromium, and to investigate the
tragic hazards of excess caloric intake.
Within the integrated programs, the Eskimo study includes a nutritional

examination of food consumption by different age groups and metabolic meas-

urements to identify the degree of functional adaptation to the restricted and

extreme types of diets.
Among the tropical and subtropical populations, protein deficiency is a major

hazard to health and human development. There is an urgent need for U.S.

cooperation in identifying the degree of protein deficiency and its differentiation

from caloric and other dietary deficiencies that may exist concurrently.
In the temperate zone, good quality protein foods are available. Nevertheless,

many problems require intensive research on quality, safety and nutritive value
of foods in their production and use for domestic and export purposes. Studies

will be directed also to impoverished urban and rural areas, to migrant popula-

tions and other groups living in stress environments.

The Ecology of Migrant Peoples

The planned research on the ecology of migrant peoples will improve under-

standing of how people who migrate from a rural to a highly urbanized environ-
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ment adapt to change. Involved in migration are various factors including the
physical environment ( increased congestion, noise, traffic, and climatic differ-
ences ) , the institutional environment (impersonal routines and authority, and
conformity to rigid time schedules), and the social environment (changing
family patterns, exposure to gangs and to deviant behavior such as narcotics
addiction). These factors constitute critical changes in the ecology of migrants.
Work on the ecology of migrants of varied racial and ethnic origins can clarify

the broadest common denominator of human response to industrialization.
World-wide, at least a billion people have migrated since World War II, yet
rigorous bio-social studies of migrants are almost totally lacking.
In this program, priority has been given to source populations under high

physical and socio-psychological stress in Mississippi and Georgia and in re-
ceiving areas like the inner city of Chicago and Fairbanks, Alaska. Specifically,
Holmes County, Mississippi, appears to be the most economically deprived area
in the United States, and the areas to which Holmes County people migrate in
Chicago—Maywood and the West End—have been foci of violent unrest. Con-
sequently, the work proposed would yield basic data on the phenomenon of
migration and also contribute directly to the urgent search for social justice
and tranquillity called for by the President's Commissions on Rural Poverty
and on Civil Disorders. Furthermore, the program's methodology would have
world-wide relevance and its field operations would provide a basis for associ-
ated programs to alleviate chronic poverty and deprivation.

PROBLEMS OF ENVIRONMENTAL MANAGEMENT

An increasing human population coupled with an expanding technology has
placed unprecedented stress upon the biosphere, the world environment in which
man lives. More of the productive capacity of the earth must be harnessed for
the benefit of man, while at the same time more space is used for other activities
and more waste and contamination are released. Improperly managed, these
activities become incompatible, reducing both the quality and the productive
capacity of the environment. Each local problem can often be allayed with a
"quick technological fix," but such a piece-meal approach usually shifts the
place or time of the problem rather than eliminating it. Mankind is running out
of both places and time.
The scale of these problems is larger than the scale of conventional research.

Their solution requires the skills and knowledge of many disciplines, the coordi-
nated efforts of many scientists, the experimental manipulation of large en-
vironmental-biological systems, the study of interactions in such systems and
the synthesis of large amounts of information into working models. Only by
such an approach can the predictive powers of the separate sciences be integrated
to reach the needed level of reliability.

FIGURE 1.—SCIENTIFIC BASIS FOR ENVIRONMENTAL MANAGEMENT

A. Changes in Plants and Animals
1. Evolutionary Adaptations
2. Physiological and Behavioral Adaptations

B. Changes in Relationships of Plants and Animals
1. Interactions with the non-living environment
2. Interactions with other organisms

C. Structure and Function of Ecosystems
The scientific basis of environmental management combines a variety of basic

and applied problems in several major components (figure 1) . A major biological
aspect of the environment concerns the changes that occur in plants and animals
in response to variations in their surroundings. These areas parallel those in
human adaptability. Evolution has produced, for each species, a genetic composi-
tion that sets limits to its environmental responses. Within these constraints,
physiological and behavioral mechanisms define an array of responses that can
be used to cope with environmental change. Both areas, applied to the several
thousand species in an ecosystem or the several million in the biosphere, will
make use of enormous amounts of information already on file, as well as re-
quiring much more research as this information is integrated and the underlying
processes become better understood.
A second major biological aspect of the environment concerns changes that

occur in relationships between organisms or between organisms and the non-
living environment in response to environmental change. The presence or absence
of species in a region is largely determined by such relationships, and for each
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species present its many relationships are continually shifting as the composi-
tion of the environment changes. The effects of changes imposed by man could
be predictable if we knew much more about the mechanisms influencing such
relationships. Better control of particular species is certain to result. Here the
role of the meteorologist, soil scientist and chemist are as significant as those of
the ecologist, behaviorist and molecular geneticist.
The environment as a whole includes both biological and physical-chemical

processes. Their interactions in given regions produce complex ecological systems.
These ecosystems in turn interact in larger regions producing on the largest
scale the earth's biosphere, the total system in which organisms participate. The
ecosystem is the smallest unit in which environmental management can be ap-
plied if problems are to be solved rather than moved. One goal of this program is
to learn much more about the structure and function of such systems.
Most of the IBP integrated research programs in environmental management

are concerned with the processes discussed above. In addition, urgent problems
in conservation face mankind. The U.S. IBP includes the search for and preserva-
tion of representative ecosystems. Areas preserved for long-term scientific use
provide natural laboratories for the study of ecosystems in all their variety and
complexity including their inherent biological productivity. They can serve as
check areas against which the effects of use, protection and management of com-
parable areas of land and water can be measured. They provide for the continued
existence of large numbers of species whose potential use by man is yet unknown,
as well as the preservation of many genetic stocks, wild precursors of domesti-
cated organisms, from which breeding of more useful strains may be continued.

INTEGRATED RESEARCH PROGRAMS IN ENVIRONMENTAL MANAGEMENT

Convergent and Divergent Evolution in the Americas

This cooperative research program has three main purposes: the understand-
ing of the processes and results of both convergent and divergent evolution in
structure, behavior, and physiological adaptation of various kinds of organisms
of the New World as well as the puzzling relationships between various South
American and Australian groups; understanding of the composition, ecological
niches and functioning of ecosystems that have evolved in similar environments
of the Southern and Northern Hemispheres; and the understanding of native and
invading biotas of the land areas of the Hawaiian Islands.

Selected biologists from several American countries and Australia have
planned a cooperative research program with subprograms on six groups—am-
phibia, fish, mammals, reptiles, insects and plants. Each has investigators and
institutions named to a limited extent that will expand as the program proceeds.
In addition, there are two subprograms concerning the questions of convergence
in ecosystem structure and convergence in physiological adaptation.
In the Hawaiian Islands, the native terrestrial biotas are most seriously

threatened. Many island species have become extinct; but most of the remaining
species can be saved with better understanding of the interactions between the
plants and animals and their changing environments, especially where man is
having a serious influence. The rich Hawaiian flora and fauna evolved from
about 700 immigrant species, under conditions of extreme isolation in the course
of a few million years. This provides an unsurpassed natural laboratory for the
study of evolutionary and ecological phenomena.

Experimental Biogeography of the Sea
This program seeks to develop the ecological and physiological knowledge re-

quired to predict how environmental factors limit or enhance the abundance
and productivity of selected marine organisms of interest to man. Studies will
be in the United States and other IBP countries in the Americas.
Knowledge gained on the mechanisms of marine productivity is basic to an

identification of the environmental factors and stresses which limit the distribu-
tion of organisms and help explain evolutionary diversity. It would also aid in
identifying optimal environmental and functional conditions useful for assessing
aquacultural potentialities for selected species and provide an understanding
of the significance of selected marine organisms in food chains important to
man's welfare. In addition, information would become available on the adaptive
capacity of organisms for life in modified or disturbed environments such as
polluted waters.
The IBP research will be conducted in terms of "packages" of separate proj-

ects, all dealing with a particular organism or group of closely related organisms.

•
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Investigators representing different disciplines will study various physiological
parameters on a coordinated cooperative basis.

Physiology of Colonizing Species
Species of plants and animals which invade disturbed habitats will be investi-

gated in this program to first, obtain a better understanding of the character-
istics of these species that allow distribution expansion and second, to determine
the role of habitat alteration in promoting these invasions. A range of species
will be studied varying from those possibly representing local expansion of a
specially adapted type to broad expansion of a type with generalized adaptation.
The habitats to be evaluated will encompass a broad latitudinal and altitudinal
diversity in the Western Hemisphere. From these studies should come a fuller
understanding of the interplay of the disturbance of habitats and the physio-
logical adaptation of invading species.

Basic characteristics of invading plant species that will be investigated in-
clude: 1) opportunistic ability to expand or contract a life cycle to fit growing
seasons of varying length; 2) the production of chemical inhibitors; 3) the
ability to survive in relatively pure stands; 4) broad tolerance of temperature,
light intensities, and photoperiods ; 5) less palatability; 6) less dependence on a
particular insect for pollination; 7) regulative propogation or other asexual
reproduction; and 8) self-fertility. These studies will try to determine if certain
characteristics promote invasion of a given habitat at a given latitude.
The program also seeks to measure the degree to which invading species have

diverged physiologically and biochemically under the pressure of new selective
forces in a variety of habitats. These comparative studies will yield insight into
the factors of population adaptation. Attention will be given to habitat influences
since man's disturbance of habitats plays a major role in species invasion.

Atmospherical Dispersal*
This program is designed to meet urgent problems of airborne diseases,

allergenic substances, and biologically harmful pollutants in the air around man.
It will organize, integrate, and extend present investigations of airborne spores,
pollen, microbes, insects and other small organisms and biologically significant
non-living materials such as toxic gases. It will also identify critical problems
not yet under investigation and will initiate new projects to meet those needs.
The IBP provides unprecedented opportunities for attacking these problems be-
cause of the free cooperation between nations and because of concurrent devel-
opment of schemes for global monitoring of environmental conditions.
The program will include segments for research technology, phytopathology,

allergenic particles, transport of genetic material, human and animal disease
microbes, wind-carried insects and other small animals and gases toxic to orga-
nisms. The American Phytopathological Society, which has for many years
fostered international cooperation for study of plant diseases and amelioration
of resulting losses, has placed its IBP steering committee within the framework
of this program to assist in the prosecution of three related areas within phy-
topathology : mode and places of origin of organisms causing plant diseases in
major crops; processes by which plant disease organisms are dispersed; and
assessment of world-wide plant disease losses.
The atmospheric dispersal program will share efforts with several other IBP

programs as well as various Federal agencies, scientific societies and numerous
private and university laboratories. It will increase the quantity and improve
the quality of research on atmospheric dispersal of biologically significant ma-
terials, while taking full advantage of the new opportunities for working in the
full context of world-wide investigations.

Phenology
Plants and animals undergo rhythmic changes from season to season. These

biological rhythms collectively are termed the phenology of the organism. These
phenological changes are the response of the organism to regular, seasonally
varying meteorological inputs such as light, heat and moisture. Because man
has many uses of phenological information about plants and animals, it is
important to obtain a broader and more predictive knowledge of these
phenomena.

*Previously referred to as the Aerobiology program.



186

The objectives of the phenology program include detailed studies on plant
and animal species, both aquatic and terrestrial at a number of sites within the
United States in order to prepare phenological maps; to obtain clues to the
physiologic limitations that determine climatic limits of species and explain the
biological basis for phenological timing; to test the hypothesis that such studies
will aid in understanding evolutionary mechanisms; and to contribute to under-
standing the role of phenologic phenomena in the structure and productivity of
ecosystems.
The program provides for overall coordination and three subprograms on

mechanisms, phenology within communities, and phenologic maps. Broad studies
will be conducted with the aid of a large network of stations and observers.
They can be done at several levels of sophistication, providing participation by
people with all levels of scentific training. Special sites will be selected and in-
tensive multidisciplinary studies made of measurements of environmental param-
eters and population structure, breeding behavior and physiology of organisms.
A chief aim will be the development of phenologic maps that will predict plant-
ing and harvesting dates for crops and outbreaks of plant and animal borne
diseases as well as other biological events.

Analysis of Ecosystems
Plants and animals live together and interact continually with the non-living

parts of their environment. These ecological systems or ecosystems are the units
of landscape or seascape of immediate importance to man. Understanding or pre-
dicting the responses of ecosystems to man's activities requires knowledge of
the whole integrated system as well as of living and non-living components.
The purposes of the Analysis of Ecosystems program are: (1) to understand

how ecological systems operate with respect to both short-term and long-term
processes, including those disturbed to varying degrees by man; (2) to analyze
interrelationships between land and water systems so that broad regions may
be considered as entities; (3) to estimate existing and potential plant and ani-
mal production in the major climatic regions of this country, particularly in
relation to human welfare; (4) to add to the scientific basis of resource manage-
ment, so that optimization for multiple use and for long-term use can be im-
proved; and (5) to establish a scientific base for programs to maintain or
improve environmental quality.
In this program an intensive team effort will be made to study six kinds of

ecosystems called biomes—grasslands, tundra, desert, coniferous forest, decidu-
ous forest and tropical forest. Each of these six intensive studies will involve
many scientists of varying disciplines and each study has its own management
structure. In turn, efforts in the six studies will be coordinated by the overall
program director and his staff. Strong modelling and synthesis projects are char-
acteristic of this whole program.
Within each of the six biomes, a comprehensive study involving natural

gradients or contrasts of climate or sites is planned. These will sample the range
of conditions that exist in the biome. For example, the deciduous forest biome
includes contrasting forest types (oak-hickory, beech-maple), a variety of geo-
logical conditions (granite, limestone, gravel, clay), variations in the steepness
of topography and variations in the degree of alteration by man. Many of these
will be utilized to improve the power of analysis concerning ecosystem function.
At least one site in each biome will be the location of an intensive study—as

complete a study as modern technology permits. All of the components of the
system will be studied, and all processes will be evaluated in relation to other
variables. On different subareas within the study unit, different treatments
will be imposed to stress the system or to shift its configuration into a different
state. This general plan will be modified to fit specific situations within each
biome.
The synthesis of results toward an understanding of ecosystems will be a

major research activity. It will be supported by a staff of planning and analysis
experts in each biome who will develop models of ecosystems that incorporate
all of the data, attempting to view the system as a whole. This information
synthesis will begin with data from the several states of one system in the in-
tensive study, continue with data from system variants in the comprehensive
study, and finally include data from markedly different systems in different
biomes.
The many benefits that will be derived from this large-scale attempt to under-

stand ecosystems can be divided into three main areas—biological productivity,
resource management and environmental quality.
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Biological Productivity: Productivity is one measure or capability by which
systems as different as the grassland, forests and lakes will be compared. It is
a measure of their boilogical conversion of solar energy—their ecological effi-
ciency. With information from the six biomes, extensive knowledge on total
natural plant and animal production as well as economic products in the United
States should become available. In collaboration with other IBP countries, actual
and unrealized potential production can be assessed also on a world-wide basis,
in circumpolar, temperate and tropical zones.
By gaining knowledge of the interactions that occur between green plants,

herbivores (animals that eat plants), predators (animals that eat other animals)
and decomposers ( the mirco-organisms in organic matter), levels or allocations
of production can become understood. This information is vitally important for
agricultural systems and in the field of biological control of pests.
Resource Management: Multiple use of natural resources is increasing stead-

ily: for example, combining timber production, hunting, fishing and recreation.
Management programs for this multiple use are already developing but are very
complex and cumbersome because of lack of knowledge. The principles and facts
about ecosystems that will be produced by this program will establish a theoret-
ical base on which to design the complex management systems needed. Once the
principles governing whole ecosystems become familiar, management should
become both simpler and less expensive than it is at present. Mistakes should
be foreseen and avoided where possible.

Quality of the Environment : A rapid deterioration of the environment is often
due to obvious causes that can be corrected if enough people decide to do so.
The solution of these problems seldom requires more than the most elementary
level of ecology.
But, of growing concern are the less visible, more chronic, insidious changes

that take place over decades. Many phenomena of varying importance to man
can be listed: the thinning of the soil, the increasing need to spray crops, the
increasing abundance of weeds, the dense algal blooms in lakes, the decreasing
abundance of sport fish and changes in species of birds in towns. These and
many others combine to produce profound changes over long periods of time.
Many of these problems are deeply rooted in ecological systems. They are sys-

tem responses in which the visible effect appears in one part of the system while
the cause lies in another. The relation between cause and effect, and recommen-
dations for improvement would be much easier to determine if the operations
of ecological systems were better understood.
In effect, the program on intensive analyses of ecosystems provides a struc-

ture or framework which references and utilizes information from all the inte-
grated programs on plants and animals in the U.S. IBP.

Conservation of Ecosystems for Scientific Purposes
Increasing human populations, with their attendant demands upon their sur-

roundings, make increasingly urgent the selection and preservation of represen-
tative samples of environments. Already, some of these environments are dis-
appearing while changes in use are affecting many others. Some experimental
areas with records of study extending back several decades are threatened by
encrochment of buildings or highways. Future generations will find even more
urgent the need for natural or near natural areas for comparative study and
areas with long histories of study.
The overall purpose of this program is to assure the protection and preserva-

tion of a full range of environments—both those relatively little disturbed by
man and those that have beeen appreciably modified by his activities; of those
rare or endangered species not subject to protection by reservation of areas;
and of those areas, aquatic nd terrestrial, with long histories of scientific records.

Specific goals include the provision of registries and descriptions of protected
areas and areas requiring protection as well as guidelines useful in managing
and protecting them. Assistance will be given to other nations also interested in
accomplishing these same purposes.
The program will be accomplished by stimulating and providing a focal point

for those activities already underway by governmental or private units. Thus,
the Directory of Research Natural Areas on Federal Lands published in 1968,
will be updated and additional natural areas added. An assessment and plan
of action for publishing similar information on non-federal lands will be carried
out by a foundation under the program's direction. An inventory of freshwater
and estuarine areas has begun as has a study of mechanisms for assuring pro-
tection in marine areas.
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PROPOSED RESEARCH FOR THE U.S. IBP

The programs classified as proposed research have also been generated spe-

cifically for the IBP but have not yet reached the stage of development neces-

sary for final approval of the U.S. National Committee as an integrated research

program. There are several alternatives for each of these programs—they may

he considered adequately housed in existing IBP related research, or they may be

incorporated into an existing integrated program, or indeed be established as an

additional integrated program. As the U.S. Committee continues to examine the

spectrum of past, present and planned research in relation to its objectives in

human adaptability and environmental management, additional research needs

may also be found.

Conservation of Genetic Materials
The genetic resources of plants by which we live are dwindling rapidly and

disastrously. Yet these are the very raw materials on which plant breeding and
related agricultural research depend for increasing production efficiency.
The United States, with no native resources of major crop plants, has programs

within government agencies on the introduction, evaluation, and conservation
of genetic materials from abroad. There is a national need to assure the protec-
tion of these invaluable resources on a world-wide scale through fundamental
research. These efforts will provide future generations with one of the most
powerful, single weapons for agricultural improvement.
In the international field, IBP is a source of scientific expertise in problems of

exploration, utilization and conservation of plant gene resources since these
are essential to developing and developed countries alike. On the national scene,
IBP is a vehicle for relating research in the academic area to the needs of the
governmental programs of plant introduction, utilization and conservation.
These programs will benefit from new inputs in crop evolution, systematics

and plant geography as they relate to world centers of diversity. The remarkable
changes undergone by cultivated plants in a very short period of time and the
projected changes in the future offer remarkable opportunities to study primi-
tive crop ancestors and their weedy relatives as a basis for more effective pro-
grams of plant exploration, use and conservation of this essential base of crop
variabiltiy.
An information center recording the unusually high production levels of

selected crops under favorable conditions of environment and cultivation would
help summarize the maximum levels of energetic efficiency or protein quality
that are possible under conditions of intensive management. These data would
be correlated with the results from the Analysis of Ecosystems Program, and
studies of natural and managed ecosystems of other countries.

Crop Production Under Stress
The clear necessity of matching food production to the needs of the world's

population requires an accurate knowledge of the factors limiting primary pro-
duction in the various regions and environments of the globe. The objectives of
this program are: to identify the environmental factors that limit production of
plant materials, particularly foodstuffs, and to encourage and coordinate re-
search on the nature of the physiological responses of plants to environmental
stresses.

Recognizing the limitations of time, funds and personnel, this program focuses
on certain immediate problems of a specific nature in the Western Hemisphere—
increasing plant tolerance to drought and to temperature extremes and increasing
rooting zone volume particularly in tropical soils. The program encourages inves-
tigations of environmental factors using an international team approach with
local and visiting scientists working together. Concomitantly with field studies,
laboratory and model studies are encouraged. The end results of this program
will provide a logical basis for manipulation of the environment and biological
factors involved in plant production.

Productivity and Conservation of Marine Mammals
Marine mammals are largely oceanic, truly international, and represent a

large source of protein and fats. Their exploitation has largely been heedless of
biological realities so that population after population has been drastically de-
pleted. It is striking that the adaptation, systematics, distribution and abun-
dance of most species remain uncertain or unknown.
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Current research on marine mammals in the fields of systematics, behavior,
physiology, acoustics and anatomy is urgently in need of expansion and integra-
tion so that an intelligent approach to this major resource will evolve on a na-
tional and international level. The MP offers the best opportunity to gather
together research-oriented marine mammalogists into a comprehensive, interna-
tional, non-political program. The U.S. program aims initially at the establish-
ment of a Marine ellammal Coordinating Council to integrate existing programs
and at the development of a Central Museum Repository for specimens.
Only by developing a strong U.S. program with international ties, will effective

research be developed leading to a full understanding of even a portion of the
aquatic adaptation of marine mammals. Only by understanding those adaptations
will use and management be approached intelligently on a world-wide basis and
the full potential of marine mammals be realized. The IBP represents perhaps
the last great opportunity fully to understand these unique and historically im-
portant animals for their own sake and for the benefit of man.
Nitrogen Management—Evaluation of Inputs and Outflow
Major factors limiting production in tropical, temperate, and arctic climates

are the fixation and changes of nitrogen. Familiar schematic pictures of the
nitrogen cycle need to be measured as quantitative budgets to understand these
rates. Nitrogen budgets will be studied both in native environments and under
agricultural conditions to determine the extent to which this process contributes
to the total nitrogen and monetary economy in food production. Research on fac-
tors affecting fixation of gaseous nitrogen, from the atmosphere by microorgan-
isms of roots and leaves, is being coordinated in a world study on symbiotic fix-
ation. The U.S. program will further evaluate nonsymbiotic nitrogen fixation and
the extent to which this process can be exploited in the production of food will
be estimated. Sources of fixed nitrogen will be compared with industrial nitrogen
sources as potential contributors to food production in order to pinpoint rations
that will have to rely—for social, economic or logistic reasons—on biologically
fixed nitrgen instead of industrially prepared nitrogenous fertilizers. The poten-
tial effect of large-scale use of nitrogen fertilizers on the quality of the environ-
ment and on food quality will also be explored. Mechanisms for avoiding con-
tamination of the environment with excessive quantities of nitrogen and for
dealing with inordinately high levels of nitrate in ground waters, lakes and
streams will also be considered.

Chemical and Biological Controls of Organisms
A great variety of substances produced by plants or animals stimulate or de-

press the development and growth of neighboring organisms. Although local con-
centrations of solid and liquid wastes or other animal excretions may be sufficient
to exert measurable influences, chemicals of plant origin are more abundant and
generally are more complex so that they are of farther reaching consequence in
the natural environment. The same general groups of chemicals are involved in
interrelations between plants and animals.

Inhibiting or stimulating effects may be produced by substances released from
one plant when they contact another plant of the same or a different type. The
active substances may be synthesized in any part of the donor plant and may be
released by volatilization, excretion, leaching, leakage or during decay of dead
matter. These phenomena appear to be universal in occurrence and of great im-
portance in natural vegetation and in crop growth. They affect productivity
including crop yields, nutrient cycling and population density control.
As a part of the U.S. IBP, this program will seek to identify plants which

produce such chemicals in natural and managed ecosystems and develop methods
to utilize such active species or the substances they produce to obtain greater and
more natural control over vegetation and increase the yield of usable plant
materials. The pathways of synthesis and movement and sites of accumulation
of these chemicals within the donor plant, the manner in which they enter the
environment, and the pathways of entry and mechanisms of their action in
the receptor plant will all be investigated. Research will also be considered to
determine the fate of these substances in the environment when affected by
microorganisms, soil conditions, fire, and climatic agents and to discover the
influences of these and other environmental, genetic, and physiological factors
on such chemical activity.

Basic research on insect development and behavior has led to the identifica-
tion of naturally occurring chemical agents in insects that have profound effects
on insect development and behavior. Similar basic investigations on the inter-
action of plants and insects have also identified the presence of these naturally
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occurring chemical agents in plants. Such natural chemicals may represent the

natural protective mechanisms that have evolved in plants to prevent their de-

struction by pests. Recent developments in these fields open up new areas of

research that should be fully exploited in the search for more effective, more

economical and safer ways to control plant and animal pests. Pests destroy up

to 30 percent of the world's food production. They are responsible for some of

the most devastating and dreaded diseases of man and animals.
Current chemical agents for controlling insect pests are not selective in their

action. They destroy beneficial as well as destructive insects. They create hazards

in the environment that can adversely affect fish and wildlife resources. Pesti-

cide residues in foods represent problems of concern to many people. Available

information on the action of juvenile hormones, ecdysones and other naturally

occurring chemicals derived from plants and animals indicates that such agents
can be expected to be highly selective in controlling target pests without hazard
to man, animals and most other organisms in the environment.
A conference of experts in the field of insect-plant interaction recommended

an IBP research program that would involve the isolation, identification and

structural determination of biochemical agents that occur naturally in plants
and animals, and continued basic research on the effect and mechanism of action
of these agents on insect development and behavior. Research on organic syn-
thesis of natural products possessing pesticidal action, including analogs and
antagonists, was considered valuable for the program, along with laboratory
and field tests aimed at the practical development of such selective agents for
pest control. Studies would also be included to determine the ecological impact
of the use of such agents on other organisms in the environment.

Biological control of pests by use of their natural enemies offers another val-

uable possibility for managing agricultural pest problems with proper concern
for the quality of the environment and long-term human needs. This method re-
quires sustained and concentrated efforts along sound ecological lines, circum-
stances that have been lacking for the most part in conventional pest control
programs.
The IBP has set up internationally four core programs for the biological con-

trol of aphids, spider mites, scale insects and rice pests. The U.S. program will
coordinate with this world-wide effort and in addition, try to increase the num-
ber of highly trained specialists in this field. It will demonstrate the utility of
this method in exemplary areas and establish a supportive information and
communications center.

This program will not only lead to a more natural and efficient way of con-
trolling pests which year after year decimate agricultural crops, but will also
help prevent the pollution of the environment which so often occurs when non-
specific, man-made chemicals are used for pest control.



APPENDIX G

A BRIEF SUMMARY AND EVALUATION OF THE IBP GRASSLANDS
ECOSYSTEM PROGRESS REPORT AND PROPOSAL

LIBRARY OF CONGRESS LEGISLATIVE REFERENCE SERVICE

April 28, 1969.
To a considerable extent this report and proposal represents an experiment

in re-budgeting strategy of the grassland ecosystem program. It reflects an attempt
to maintain the interest and participation of a broad group of researchers in
spite of a real budget which is only 29.5% of that estimated to be required. The
strategy consists of (1) delaying study of the comprehensive grassland net-
work until the intensive site project is fully funded; (2) delaying aquatic phase
studies until the major terrestrial system are initiated; (3) concentration on
field facilities and instrumentation and on a critical "core" of subprojects;
(4) a minimum of new staff and graduate students; (5) and some actual data
output and preliminary modeling and synthesis of information on the ecosystem
during the next 15 months.
Some 25 scientists from institutions in Colorado and Wyoming and from the

Agriculture Research Service have contracted to conduct initial research at the
Pawnee grasslands site on various studies of the ecosystem.

Results of Pawnee Site research to date include (1) preliminary surveys of
the resident biota; (2) the development of sensors and a 35-channel removable-
circuit digital recording system for computer handling of continuous measure-
ments of meteorogical conditions; (3) the design of similar systems for handling
varied biological data; (4) development and application of the workshop system
for maintaining communication among researchers; (4) the synthesis of existing
knowledge of ecology as a major project of the IBP; (5) continued organizational
development at the working ecosystem level; (6) the application of an ATP
system for measuring bacterial biomass in the soil; (7) instrumentation for
field measurements of carbon dioxide; (8) the use of PERT systems for prediction
of administrative bottlenecks involving the analysis of some 225 jobs; (9) the
detection of critical paths, time-sequencing and time critical events in both
management and data acquisition (see figures 6.14.1 and 6.15.1 of the Grasslands
Report) ; (10) design of the grasslands laboratory; and (11) aircraft flights
by North American Rockwell and the University of Michigan over the Pawnee
Site to determine if overall ecosystem productivity and other aspects of the
system can be determined by remotely sensed electromagnetic imagery.
While the massive data collection year for the grassland ecosystem is scheduled

for 1970, some 33 scientific papers are expected to appear during the field season
of 1969. If adequate operating funds are obtained, 1969 will be the final dress
rehearsal for the first prime data year for the grassland ecosystem.

Sequential budget reductions now show a resultant detailed cost breakdown
totaling $2,209,334 for 16 months beginning Sept. 1, 1969. Projected cost for
completion of the Grasslands Ecosystem Program by July, 1974 indicate a
requirement for $6,500,000 additional funds over this entire period beginning
January 1, 1971.
The objectives and research strategy of the grasslands biome project are com-

mon to those of the US—IBP environmental program as a whole. These are sum-
marized below (quoted from pages 109-110 of the report) :

OBJECTIVES AND RESEARCH STRATEGY

"It must be recognized that in a program of this magnitude there are several
levels of objectives. These relate to international needs, national programs, long-
term and broad-project goals, specific operational objects, and fundamental theo-

(191)
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retical ecological objectives. Each of these categories must be considered in the

evaluation of the structure, design, and fund allocation within the program.

"It is also important to consider here potential benefits from attaining these

objectives. The benefits are complex and often difficult to measure in dollar

values. The potential benefits of the Analysis of Ecosystems Program (see Smith

1968, proposal to National Science Foundation) illustrates four major areas to

which this program contributes:
(1) better scientific understanding of ecosystem operation; 

•

(2) better understanding of biological production and its relationship to

man in both a food and environment sense;
(3) development of an ecological theory that will be the basis of a new

and more intensive resource management, especially encompassing the

problems of multiple use optimization;
(4) the development of a basis for designing more effective methods of

evaluation and maintaining environmental quality.
"Although specific figures are hard to obtain, it is well known that federal

agencies alone spend at least $500,000,000 per year on the management of natural

resources such as fish, game, forests, rangeland, and soil. Grasslands contribute

a large fraction of the land managed by public resource management agencies.

Assuming that only one-fifth of this cost is allocated to the management of grass-

lands, then a minimal 1% improvement in management of natural resources

based on information from our proposed grassland ecosystem studies would be

worth $1,000,000 per year! Potentially, the improvement in management as a

result from the type of information to be derived in this research would account

for a much higher percentage improvement than stated above; thus the costs

of our entire proposed program could be repaid in as little as a few years time.

The information to be derived from this research, of course, not only has bearing

on the management of public natural resources, but also those under private con-

trol by small land owners or by corporate control.

Objectives of US—IBP Environmental Studies

"The broad goals of the environmental component of IBP are:
(1) to formulate a basis for better understanding of the interactions of all

components of selected and representative biological systems.
(2) to extend this understanding toward an increased biological

productivity.
(3) to provide bases for accurately predicting the consequences of en-

vironmental stresses, both man-originated and natural, on the performance
of biological systems, and
(4) to enhance our ability to manage our natural resources.

Objectives of the Analysis of Ecosystems Progra/m

"The goals of this program, of which the grasslands study is a component,
are:

(1) to understand how ecological systems operate with respect to both
short-term and long-term processes (systems disturbed to varying degrees
by man are included),
(2) to analyze interrelationships between land and water systems, so that

broad regions may be considered as wholes,
(3) to estimate existing and potential plant and animal production in the

major climatic regions of this country, particularly in relation to human
welfare, as the U.S. contribution to the world-wide goals of the IBP.
(4) to add to the scientific basis of resource management, so that optimi-

zation for multiple use and for long-term use can be improved, and
(5) to establish a scientific base for programs to maintain or improve en-

vironmental quality.

Grasslands Biome Program Broad Objectives

"The broad objectives of our grassland research are to study various states
of grassland ecosystems to determine the interrelationships of structure and
function, to determine the variability and magnitude of rates of energy flow
and nutrient cycling, and to encompass these parameters and variables in an
overall systems framework and mathematical model.
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Objectives Toward Development of Ecological Theory

"A more fundamental understanding of ecosystem processes and components
is necessary for the development of an ecological theory. This theory would
include aspects of ecosystem structure and function, such as energy flow,
nutrient cycling, trophic structure, spatial patterns, interspecies relations, and
species diversity. Further goals include the understanding of how these eco-
system processes are achieved and maintained. By understanding how these
processes are achieved and maintained, man will be more able to manage his
environment wisely. In attaining these objectives, research must be concerned
with population dynamics, ecological processes, environmental interactions, and
responses of systems to various natural and induced stresses."
The grasslands ecosystem progress report and proposal is a reflection of scien-

tific competence and dedication to a most difficult task. Moreover it demonstrates
a most unusual skill in planning and organizing biologists for systematic study
of the environmental complex. We had no idea whatsoever that our ecologists
could overcome so much tradition and criticism and produce so much progress
and sophisticated scientific design even under favorable circumstances. My own
reaction to these unexpected events is that they place the IBP, or at least the
ecosystem component of it, at a high priority level in Federally supported R. & D.
Other than the direct attack on the problems of human health and on our deterio-
rating environment with knowledge already available, I am aware of no scien-
tific proposal or program before government officials today which is more im-
portant or as deserving or as essential as one which will provide the ecological
base lines of the bio-environmental systems of the world. There is much that we
can do tentatively to improve environmental quality but we will not know what
our future options really are until we understand the ecosystem mechanisms
involved. All standoffs in progress in controlling nature, whether they be
disease, climate, or earthquakes, rest squarely on this type of limitation.
The re-newed importance of the IBP is not that it recognizes this limitation

but that it has become a realistic approach for overcoming this limitation in the
field of environmental control and management. It is my judgment that this is
what the 700 page ecosystem document is telling us.
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